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»      ^  3    >»       »    bottom, /or  3H,0  read  iH,0. 
.»      86,5    „       „    top,/wCO,OaCl,H,0*<adCO,Co,Cl^«H,0. 
n      96,  iMt  line  of  Uble,  for  sHgNO,.  HgHO  rtad  sHgNOyHg.O^HiO. 
„     131,  13  lines  from  top,  for  350,  rtad  700,  and  for  6  read  11. 
^     138,6         ,,        „       /ori8*6orMKi  81*60. 
»     )55»  i^       »>        M       /or  sodium  read  potassiam. 
„      »}     1 7  and  18     ,,        each  time,  far  Na  fvaci  K. 
n      tf     17  luiee  from  top,  dd€  H,0  sometimes  with  5H,0. 

185,  in  table,  for  35  rtad  55. 

355,  19  lines  from  bottom,  fw  $E^0  rtad  loHfi, 

389,  17        „  „        for  1-45  rtad  1-347. 

311,  in  table,  fusing  point  of  antimony,  trantpoK  1150  and  631. 
t.     345.      »       /or  SbS,  read  SbjS,. 
»f     351*  1 1  lines  from  top,  for  Cr^CI^  read  Cr,Gl,. 

355f  10        „        „      for  43-56  read  41-47- 

366,  8  „        bottom,  far  HNO,  rtad  3HNO,. 


>» 
ft 
>» 


„     367,  last  line  second  tables  for  Al,  read  AJ^ 

»•     399>  ^  luiM  ^n^  bottom,  for  K^CO^  read  K^CO,. 


ft 
>f 
t» 


430, 8  „  „           for  3(Al,0,45SiO,)  rtad  3Al,Oy45SiO,. 

4^51  5  >»  top»  /w  108-5  + 198  read  158-5  + 108. 

514,8  „  bottom, /or  51-37  read  51-17. 

861,  3  ,9  top^  for  0*515  read  1*304. 


Additional  Correctiona  in  Part  I. 

VfgB  154,  13  Hnw  from  top,  /or  i6  rtad  13. 
„     364,  m  note /or      ^      rtad  -^j^ 

,»    401,  13  lines  frtnn  top,  after  bars  add  possessing  eqoal  moments  of  inertia  about 

their  points  of  suspension. 

18  „         „    /or  magnets  rsod  magnetic  poles. 

19  ,,         „    /or  their  read  the. 


Symbols  and  Atomic  Weight$  of  the  Elements 
as  used  in  this  Volume. 


Kmbm  of  Slamaote. 

SjmboL 

At.«t. 

1 

KuMt  ofMammta. 

Sjinbol 

At.wt. 

Aluminum  . 

Al 

27*5 

Molybdenum     . 

Mo 

96 

Antimony    . 

Sb 

122 

Nickel    .     .     . 

Ni 

59 

Arsenicum  . 

Aa 

75 

Niobium      •     . 

Nb 

945 

Barium  .     .     • 

Ba 

137 

Nitrogen 

N 

H 

Bismuth       .     . 

Bi 

310 

Osmium .     .     . 

Os 

199 

Boron     . 

B 

io'9 

Oxygen  .     . 

0 

16 

Bromine 

Br 

80 

Palladium    . 

Pd 

io6'5 

Cadmium     .     . 

Cd 

112 

Phosphorus  . 

P 

31 

Caesium  .     . 

Cs 

^33 

Platinum 

Pt 

197- 1 

Calcium . 

Ca 

.  40 

Potassium 

K 

39'' 

Carbon  . 

C 

12 

Bhodium 

Ro 

104-3 

Cerium   .     .     . 

Ce 

92 

Rubidium     .     . 

Rb 

^■3 

Chlorine 

a 

355 

Ruthenium  . 

Ru 

104*2 

Chromium  . 

Cr 

525 

Selenium 

Se 

79'5 

Cobalt    .     .     . 

Co 

590 

Silicon    .     . 

Si 

28 

Copper   .     • 

Cu 

635 

Silver     .     •     . 

Ag 

108 

Didymium   . 

Di 

96 

Sodium  . 

Na 

23 

Erbium  . 

E 

114-6 

Strontium    . 

Sr 

87-5 

Fluorine 

F 

19-0 

Sulphur .     .     . 

S 

3» 

Glucinum    .     . 

G 

95 

Tantalum     . 

Ta 

1820 

Gold.     .     .     . 

Au 

1966 

Tellurium     . 

Te 

120 

Hydrogen    .     . 

H 

I 

Thallium      .     . 

Tl 

204 

Indium  . 

In 

72? 

Thorinum    . 

Th 

238 

Iodine    . 

I 

127 

Tin    ...     . 

Sn 

118 

Iridium  . 

Ir 

197-1 

Titanium 

Ti 

50 

Iron  .... 

Fe 

56 

Tungsten     .     . 

W 

184 

Lanthanum 

Ta 

92 

Uranium      .     . 

U 

120 

Lead       .     . 

Pb 

207 

Vanadium    . 

V 

5^'3 

Lithium       .     . 

L 

7 

Yttrium . 

Y 

617 

Magnesium . 

Mg 

24-3 

Zinc  .... 

Zn 

65 

Manganese  .     . 

Mn 

55 

Zirconium    . 

Zr 

895 

Mercury      .     . 

Hg 

200 

1 

PART  II- 
INORGANIC  CHEMISTRY, 


CHAPTER  I. 

NOMENCLATURE CLASSIFICATION    OF   THE    ELEMENTS. 

(33^)  Principles  of  Chemical  Nomenclature. — Before  proceed- 
ing to  a  description  of  the  chemical  properties-  of  the  different 
elementary  substances^  and  of  the  compoimds  which  are  the  result 
of  their  union  with  each  other,  it  will  be  needful  to  explain  the 
principles  upon  which  the  nomenclature  in  use  amongst  chemists 
has  been  founded.  The  object  of  the  inventors  of  this  language 
was,  not  merely  to  give  a  distinguishing  name  to  the  substances 
spoken  of,  but  also  to  convey  a  knowledge  of  their  components^ 
and  even  of  the  proportions  in  which  those  components  occur.  In 
the  less  complicated  substances  with  which  the  chemist  has  to 
deal,  this  object  is  very  completely  attained.  In  those  of  a  more 
complex  nature,  the  employment  of  symbols  (13)  becomes  neces- 
sary^ in  order  that  the  composition  of  the  body  may  be  fiiUy 
indicated ;  and  the  formula  of  a  substance,  especially  if  the  sub- 
stance be  derived  from  the  animal  or  the  vegetable  kingdom, 
beccMnes  an  indispensable  supplement  to  its  name. 

I.  Elements. — In  the  case  of  the  elementary  bodies,  the 
common  name  of  each  is  usually  that  by  which  it  is  distinguished 
in  chemical  language,  if  the  substance — as  is  the  case  with  many 
of  the  metals,  such  as  lead,  iron,  copper,  or  zinc — be  one  which  is 
fiuniliarly  known :  if  it  be  a  body  which  the  researches  of  the 
diemist  have  brought  to  light,  the  name  is  generally  indicative  of 
some  marked  peculiarity  by  which  the  element  is  characterized. 
Fliosphorus,  for  example,  is  so  named  (from  0aic>  <^opog,  light  bear- 
ing) because  when  exposed  to  the  air  it  emits  a  feeble  light  which 
it  visible  in  a  darkened  room ;  iodine  derives  its  name  from  loetSi^c 
(violet),  in  reference  to  the  violet  colour  of  its  vapour ;  hydrogen 
(water  producer,  from  SSciip,  ytwato)  is  so  called  from  the  circum- 
•tanoe  that  it  is  a  necessary  component  of  water ;  and  so  on. 

II.  B 


CHEMICAL   NOMENCLATUEE — BINARY   COMPOUNDS. 


The  attempt  to  introduce  a  strictly  systematic  nomenclature 
for  the  elementary  substances  has  failed,  owing  to  the  strong  hold 
which  the  popidar  names  of  those  in  familiar  use  have  retained 
upon  the  language ;  but  in  the  case  of  the  metals  more  recently  dis- 
covered a  common  termination  in  um  has  been  assigned  to  them, 
as,  for  example,  palladium,  indium,  osmium,  potassium,  sodium^ 
aluminum,  &c.  Among  the  non-metallic  elements  analogies  are 
also  pointed  out  by  a  similarity  in  the  termination  of  the  name : 
for  instance^  chlorine,  iodine,  bromine,  and  fluorine,  have  similar 
properties ;  and  the  existence  of  a  certain  analogy  between  boron 
and  silicon  is  indicated  by  the  common  termination  of  both. 

2.  Binary  Compounds. — When  elements  combine  with  each 
other  to  form  a  binary  compound — ^that  is  to  say,  a  compound  in 
which  two  elements  only  are  present,  and  in  which  also  one 
atomic  proportion*  only  of  each  substance  is  concerned — the 
nature  of  both  the  components  is  specified  by  the  name  em- 
ployed: for  instance^  a  combination  of  oxygen  with  zinc  is 
designated  oxide  of  zinc  or  zincic  oxide.  The  following  table 
will  illustrate  the  manner  in  which  such  modifications  are  ap- 
plied ;  the  symbols  of  the  difierent  compounds  are  given  in  the 
fifth  column.  It  is  to  be  observed  that  in  employing  symbols 
the  symbol  of  the  basylous  or  electro-positive  element  (261)  is 
usually  placed  first : — 


The  com- 
poondsof 

are  termed 

For  example : — 

Or  in 
sjmbola 

Oxygen 

Chlorine 

Bromine 

locine 

Fluorine 

Nitrogen 

Carbon 
Sulphur 
Selenium 
Phosphorus 

Oxidra 

Chlorides 

Bromides 

Iodides 

Fluorides 

Nitrides 

<  Carbides  or 

\     Carburets 

(  Sulphides  or     \ 

\     SulphureU     } 

f  Selenides  or       > 

X     8(  letiiiirets     ) 

(  Phosphides  or  ) 

X     Phodphure^s ) 

Zinoio  oxide,  or 
Arsentic  chloride 
Sodio  bromide 
Potsssio  iodide 
PotHSsio  fluoride 
Boric  nitride 
Nitric  carbide 

(cjaoogen) 
Coprie  smpmde 
Plumbic  sulphide 
Mercuric  selenide 
Cadmic  selenide 

Calcic  phosphide  - 

Oxide  of  zinc 
Chloride  of  silrer 
Bromide  of  sodinm 
Iodide  of  potassium 
Fluoride  of  potassium 
Nitride  of  boron 

Carbide  of  nitrogen. 

Snlphide  of  copper 
Sulphuretoflead 
Selenide  of  meronry 
Seleniuret  of  cadmium 

Phosphuret  of  calcium 

ZqO 

Ago 

NaBr 

KI 

KF 

BN 

ON 

CuS 
PbS 
HgSe 
CdSe 

CaP 

*  We  have  already  called  attention  (J2a)  to  the  loose  way  in  which  the  terms 
atom  and  equivalent  are  often  employed  hy  chemists,  and  have  pointed  out  the 
essential  difference  hetween  the  signification  of  the  two  terms.  For  example,  an 
acid  like  the  citric  (H^C^H^O,),  will  require  three  times  as  much  potassium  to 
form  with  it  a  neutral  salt,  as  is  required  hy  another  acid,  such  as  the  nitric 
(HNO^.  The  proportion  of  citric  acid  represented  by  the  formula  (H,C,H,0,) 
is  nevertheless  sometimes  inaccurately  termed  its  equivalent,  and  the  same  term 
is  also  applied  to  the  proportion  of  nitric  acid  represented  by  the  formula 
(HNOJ ;  yet  it  is  manifest  that  these  quantities  of  the  two  acids  are  not  equiva- 
lent to  each  other,  inasmuch  as  one  of  them  neutralizes  three  times  as  much 
potassium  as  the  other. 

In  order,  therefore,  to  avoid  this  solecism,  and  at  the  same  time  to 


NOMENCLATUBE MULTIPLE   COMPOUNDS.  O 

3.  Multiple  Compounds. — It  often  happens^  however,  in  con- 
sequence of  the  operation  of  the  law  of  multiple  proportions  (lo), 
that  the  same  pair  of  elements  forpis  two  or  more  compounds 
endowed  with  different  properties^  and  which  contain  different 
proportions  of  their  components :  the  electro-negative  element  in 
this  case  is  usually  the  one  in  which  the  multiple  relation  is 
observed ;  and  the  number  of  atoms  in  which  it  enters  into  com- 
bination in  the  particular  case  is  indicated  by  prefixing  to  the 
name  an  abbreviation  of  the  corresponding  Greek  ordinal; 
wpCfTo^  first,  Scvrc/ooc  second,  rpiroq  third,  &c.  For  example, 
there  are  four  different  oxides  of  osmium  : — 

The  first  or  lowest  oxide  is  termed  the  osmium  protoxide,  o^  \  Qb  O 

protoxide  of  osmium    j 

The  second  oxide  „  osmium  dioxide,  or  deut-  I  /v^  rw 

oxide  of  OHmium  .     •  J  ' 

Hie  third  oxide  „  osmium  trioxide,  or  tri-  I  rv^  q 

toxide  of  osmium .     .  )  ' 

Hie  fioorth  oxide  „  osmium  tetroxide,  or  tes-  } 

saroxide,  or  peroxide  /  Os  0^ 
of  osmium .     .     .     . ) 

Sometimes  the  Latin  prefixes  are  substituted  for  those  derived 
firom  the  Greek  :  thus  the  terms  if  noxide  and  ^/^u/oxide  of  tin 
are  used  indifferently  for  a  combination  (SnOj,)  of  one  atom 
of  tin  and  two  atoms  of  oxygen.  In  the  same  way  /erchloride 
of  antimony  (SbCy  is  used  as  synonymous  with  antimony 
/nchloride.  The  more  complicated  relation  of  3  atoms  to 
2  or  i^  to  I  is  expressed  by  the  Latin  prefix  sesqui,  which  means 
'  one  and  a  half/  For  example,  we  speak  of  sesquisalfhide  of  iron 
(Fe,S,),  and  chromium  sesquiojide  (CrgOj).  The  highest  oxide, 
chloride,  or  sulphide,  is  firequently  termed  the  peroxide,  per^ 
chloride,  or /^rsulphide.  For  example,  the  compound  SbCl^  is 
termed  either  antimony  pentachloride  or  perchloride  of  antimony, 
and  CaSg  is  termed  indifferently  calcic  persulphide  or  pentajsulphide 
of  calcium.  This  practice  of  using  indifferently  a  Greek  or  a 
Latin  prefix  in  the  names  of  compoimds  belonging  to  the  same 
Kries  is  etymologically  reprehensible.  If,  for  instance,  the  com- 
pound of  tin  (SnS)  be  termed  the  protosulphide,  the  compound 
(SnS^  should,  in  order  to  preserve  consistency,  be  termed  the 


^nnlj  in  oar  deseriptioiis,  it  will  be  convenient  to  speak  of  the  relative  quan- 
titisi  of  eadi  aeid  abore  cited  as  an  atom  of  their  respective  acids ;  a  term  war- 
lanftad  by  the  fact  that  the  formula  of  each  represents  the  simplest  expression  in 
sjnbok  whieh  can  be  adopted  to  indicate  the  smallest  particle  or  atom  of  the 
fftimpypii  iHiidi  can  exist  either  in  combination  or  in  a  separate  form. 

B  2 


4  NOMENCLATUEE — ^ACIDS. 

deutosulphide  or  disulphide,  though  in  this  case  the  use  of  the 
name  bisulphide  is  generally  sanctioned  by  custom. 

4.  Acids. — If  the  oxides  possess^  when  combined  with  the 
elements  of  water^  acid  characters,  as^  for  example,  is  the  case 
with  some  of  the  higher  oxides  of  nitrogen^  a  different  plan  is 
adopted  to  mark  this  important  peculiarity.  At  the  time  that 
the  nomenclature  was  devised  by  Lavoisier  and  his  coadjutors, 
oxygen  was  considered  to  be  the  element  upon  which  the 
existence  of  the  acid  character  mainly  depended,  as  indeed  its 
name  (signifying  generator  of  acids)  implies.  The  system  of 
nomenclature  was  therefore  specially  adapted  to  this  idea.  It 
frequently  happens  that  an  element  forms  more  than  one  acid 
with  oxygen  :  the  compound  which  contains  the  largest  propor- 
tion of  oxygen  is  in  this  case  indicated  by  making  the  name  ter- 
minate in  the  syllable  ic.  Nitric  acid  (HNO3),  for  instance,  is 
the  acid  of  nitrogen  in  which  the  largest  quantity  of  oxygen  is 
found:  in  like  manner  sulphuric  acid  (H^SOJ  is  the  most  highly 
oxidized  acid  of  sulphur.  A  second  acid  which  contains  the 
same  elements  united  with  a  smaller  proportion  of  oxygen  re- 
ceives a  name  which  ends  with  the  syllable  ous  :  thus  nitrous  acid 
(HNOg),  and  sulphnroi^  acid  (H^SOj)  indicate  acids  in  which  a 
smaller  proportion  of  oxygen  is  present  than  in  nitric  and  sul- 
phuric acids.  In  a  few  cases  an  acid  has  been  discovered  which 
contains  still  more  oxygen  than  the  one  to  which  the  termination 
ic  had  been  already  appropriated.  Chloric  acid,  for  example,  is 
represented  as  (HCIO3),  but  an  acid  was  subsequently  found  to 
exist,  which  has  the  composition  (HCIOJ;  in  this  case  the  prefix 
per  (which  is  an  abbreviation  for  uttc/o,  or  super,  above)  is  em- 
ployed, and  the  new  compound  has  been  termed  /perchloric  acid.* 
When  an  acid  is  known  in  which  the  proportion  of  oxygen  is 
smaller  than  that  which  exists  in  the  compound  to  which  the 
termination  <ms  has  been  appropriated,  the  prefix  hypo  (from  vtto 
below)  is  usually  employed — for  instance,  chlorous   acid  consists 


♦  The  term  acid  has  been  employed  by  chemical  writers  up  to  a  late  period, 
to  designate  indifferently  either  the  anhydrous  bodies  formed  by  the  union  of 
oxygen  with  the  non-metallio  elements,  such  as  CO,  and  SO,  (now  commonly 
termed  anhydrides,  or  bodies  destitute  of  hydrogen),  or  the  hydrated  compounds 
produced  by  the  action  of  water  upon  the  anhydrides,  such  as  H,SO ,  oil  of 
vitriol  or  sulphuric  acid.  To  avoid  this  confusion,  produced  by  the  application 
of  the  same  term  to  two  substances  essentially  distinct,  we  shall  limit  the  term 
aoid  to  those  hydrated  bodies  which  are  really  salts  of  hydrogen :  sulphuric  acid, 
H,SO^  is  then  true  dihydric  sulphate,  or  sulphate  of  hydrogen;  nitric  aoid, 
HNO,,  is  hydric  nitrate,  or  nitrate  of  hydrogen;  acetic  acid,  HC,H,0,,  hydric 
acetate,  or  acetate  of  hydrogen,  and  so  on. 


NOMENCLATURE SALTS.  5 

of  HClOj,  whilst   the    compound   HCIO,  with  a  still    smaller 
amount  of  oxygen  is  known  as  hypochloTOus  acid. 

The  progress  of  research,  however,  has  revealed  other  acids  in 
which  oxygen  is  wanting,  but  which  are  compoimds  of  hydrogen. 
These  acids  are  usually  distinguished  by  prefixing  the  word  hydro, 
as  an  abbreviation  for  hydrogen :  for  instance,  chlorine  and 
hydrogen  form  an  acid,  HCl,  hydrochloTic  acid,  commercially 
often  called  muriatic  acid :  cyanogen  and  hydrogen  form  HCy, 
hydrocjamc  or  prussic  acid,  and  so  on.  Some  writers,  following 
the  example  of  Thenard,  transpose  these  terms  :  they  speak  of 
chlorhydric  acid,  and  cyanhydric  acid. 

5.  Salts, — Owing  to  the  change  which  has  recently  occurred 
in  the  views  prevalent  respecting  the  atomic  constitution  of 
chemical  compounds,  a  good  deal  of  confusion  unfortunately 
exists  at  the  present  moment  in  the  nomenclature  adopted  by 
different  authors.  This  is  nowhere  more  conspicuous  than  in  the 
differences  which  prevail  in  the  mode  of  designating  the  different 
varieties  of  salts. 

At  the  time  that  our  nomenclature  was  originally  devised  it 
was  supposed  that  a  salt  consists  of  a  combination  of  an  acid  with 
a  basic  oxide,  and  the  name  given  to  each  salt  was  framed  upon 
this  idea ;  sulphate  of  potash,  for  example,  indicated  the  salt 
formed  by  the  action  of  sulphuric  acid  upon  the  alkaline  base 
potash ;  nitrate  of  soda,  the  salt  obtained  by  neutralizing  nitric 
acid  with  soda.  If  the  base  has  no  single  distinguishing  name, 
as  occurs  with  most  of  the  insoluble  oxides,  a  longer  name  was 
requisite.  When,  for  instance,  acetic  acid  acts  upon  oxide  of 
copper,  or  formic  acid  upon  oxide  of  lead,  the  salts  procured  were 
named,  in  accordance  with  the  principle  just  explained,  acetate  of 
oxide  of  copper,  and  formiate  of  oxide  of  lead ;  but  these  long  names 
became  almost  immediately  shortened  into  acetate  of  copper,  and 
formiate  of  lead ;  terms  which  are  obviously  inconsistent  with  the 
names  given  to  the  salts  of  the  alkalies  and  of  the  earths. 

Many  chemists  have  sought  to  remedy  this  inconsistency  by 
introducing  in  every  instance  the  name  of  the  basyl  or  the  metal 
into  the  salt,  instead  of  that  of  the  base  or  metallic  oxide.  They 
speak  therefore  of  sulphate  of  potassium,  and  nitrate  of  sodium,  as 
well  as  of  acetate  of  copper  and  formiate  of  lead. 

Some  writers,  however,  prefer,  whilst  still  employing  the 
name  of  the  metal  or  basyl,  to  place  it  first  in  naming  the  salt, 
omitting  the  word  of  altogether ;  so-  that  they  speak  of  potassium 
sulphaie,  sodium  nitrate,  copper  acetate,  and  lead  formiate. 

Lastly,  Berzelius,  for  reasons  to  be  explained  inmiediately,  not 
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only  employs  the  name  of  the  metal  but  modifies  its  termination ; 
so  that  he  speaks  of  potassic  sulphate,  sodic  nitrate^  cupric  ace- 
tate, and  plumbic  formiate. 

It  is  this  last  modification  which  will  generally  be  adopted 
in  this  work ;  although  cases  will  occasionally  occur  in  which  the 
other  forms  of  nomenclature  will  be  employed. 

From  what  has  been  just  stated,  it  will  be  seen  that  four  dif- 
ferent usages  are  more  or  less  prevalent  in  naming  salts ;  these  may 
be  contrasted  and  compared  together  as  in  the  following  table : 


K,SO, 


Sulphate  of  potash,  Sulphate  of  potassium, 

Dipotassic  sulphate.  Potassium  sulphate. 

"M    fsin  (Nitrate  of  soda.  Nitrate  of  sodium, 

^  ( Sodic  nitrate.  Sodium  nitrate. 

p       r  TT  n  f -^^^^^  of  oxide  of  copper.  Acetate  of  copper, 

^    *   ^(Cupric  diacetate,  Copper  acetate. 

Formiate  of  oxide  of  lead,  Formiate  of  lead. 

Plumbic  diformiate.  Lead  formiate. 


Pb  2  CHOg 


When  the  acids  by  their  action  upon  bases  form  salts,  the 
degree  of  oxidation  in  the  acid  is  still  indicated  by  the  name  of 
the  salt.  When  acids  ending  in  ic  form  salts,  in  naming  such 
compounds  the  termination  of  the  acid  is  changed  into  ate :  thus 
the  salt  formed  by  the  action  of  nitric  acid  upon  lime  is  termed 
calcic  nitra/ff,  or  more  strictly,  calcic  dinitrate  (Ca  2  NO3). 
When  sulphuric  acid  acts  upon  protoxide  of  iron,  the  salt  pro- 
duced is  called  sulphate  of  iron,  or  ferrous  sulphate  (FeSOJ  : 
perchloric  acid  by  its  action  upon  potash  furnishes  the  salt  called 
potassic  perchlora/tf  (KCIOJ.  If  the  name  of  the  acid  end  in 
(ms,  the  termination  is  changed  to  ite  in  naming  the  salt;  for 
example,  sulphurous  acid  and  baryta  by  their  mutual  action 
form  a  salt  called  baric  sulphide  (BaSOj) :  hypochlorot^  acid  and 
soda  by  their  mutual  action  form  sodic  hypochlori/tf  (NaClO). 

It  may  here  be  well  to  caution  those  who  are  just  com- 
mencing the  study  of  chemistry,  of  the  necessity  of  distinguishing 
clearly  between  compoimds  such  as  the  sulpht'/es  and  the  sulpha/es, 
or  the  sulphides  and  the  sulpht/as.  Disodic  sulphide  (Na^S), 
for  example,  is  a  compound,  containing  a  direct  product  of  the 
combination  of  two  elementary  substances,  whereas  disodic  sid- 
phite  (Na^SOj)  is  a  more  complex  compound  formed  by  the  action 
of  two  compound  bodies  upon  each  other.  Disodic  sulphate 
(Na^SOJ,  again,  contains  one  proportional  more  of  oxygen  than 
disodic  sulphite. 

If  more  than  one  equivalent  of  the  oxion   (or  radicle  of  an 
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acid)  be  united  with  one  equivalent  of  a  metal^  there  is  no  diffi- 
culty in  pointing  out  this  fact  in  the  name.  A  compound  of  two 
equivalents  of  sulphion  (SOJ''  and  two  of  potassium  (K^SOJ  would 
be  spoken  of  as  dipotassic  sulphate^  or  sulphate  of  potassium ;  but 
there  is  another  compound  of  potassium  with  sidphuric  acid^  in 
which  two  equivalents  of  the  dyad  oxion  are  present  to  one  equi- 
valent of  the  metal ;  this  compound  (KHSOJ  is  known  as  the 
bisulphate  of  potash^  or  more  correctly,  as  hydro-potassic  sul- 
phate, or  sulphate  of  potassium  and  hydrogen ;  the  circumstance 
of  the  additional  equivalent  of  acid  in  this  and  in  other  analogous 
cases  being  still  often  conveniently  indicated  by  the  prefix  bi  (from 
the  Latin  bis,  twice),  or  di  (from  the  Greek  Si'c),  which  is  made 
to  precede  the  name  of  the  acid  contained  in  the  neutral  salt. 

Grenerally  speaking,  a  metal  forms  only  one  basic  oxide — that 
is  to  say,  only  one  oxide  which  has  the  power  of  forming  salts  by 
interaction  with  acids ;  but  there  are  several  exceptions  to  this 
nde.  Iron,  for  example,  may  form  salts  corresponding  to  the 
protoxide  (FeO).  Such  salts  were  formerly  distinguished  as  pro- 
tonalts :  {Fe^O^.'E.jdfiUjS),  represents  the  composition  of  the 
crystallized  sulphate  of  protoxide  of  iron,  often  described  as  proto- 
nilphate  of  iron ;  but  there  is  another  series  of  salts  of  iron  de- 
rived from  the  peroxide  or  sesquioxide  (Fe^Oj)  of  the  metal ; 
these  were  distinguished  as  the  persalis,  or  sesquisalts  of  iron  : 
(FejOj,3S03),  or  (Fej3S0J,  represents  the  sulphate  of  the  per- 
oxide (or  sesquioxide)  of  iron,  and  it  is  frequently  termed  the 
persulphate,  or  sesquisulphate  of  iron.  These  terms,  although 
still  used,  are  not  free  from  ambiguity.  Berzelius  preferred  to 
call  the  protoxide  of  iron,  ferrous  oxide,  and  the  protosulphate, 
ferrous  sulphate,  whilst  the  sesquioxide  he  termed  ferric  oxide, 
and  the  sesquisulphate  was  upon  his  plan  called  ferric  sulphate. 
This  form  of  nomenclature  unites  brevity  with  precision,  and  will 
usually  be  employed  in  this  work. 

Many  of  these  systematic  names  have  an  uncouth  aspect,  and 
are  often  long  and  inharmonious,  so  that  they  are  frequently 
abbreviated  when  the  compound  spoken  of  is  one  of  constant 
recurrence.  For  example,  the  sulphates  of  the  alkaline  and  earthy 
metals  would  receive  systematic  names  such  as  the  following : — 

KjSO^  dipotassic  sulphate. 
KHSO^  hydropotassic  sulphate. 
Ka^SO^  disodic  sidphate. 
CaSO^  calcic  sulphate. 

It  is^  however^  customary  to  speak  of  the  normal  or  neutral 
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salt  of  any  acid  without  the  numerical  prefix;  so  that^  for  in- 
stance^ ^^^4  ^  simply  called  potassic  sulphate^  and  Na^SO^ 
sodic  sulphate^  though  in  reality  these  names  do  not  indicate 
their  atomic  difference  from  the  normal  salt  of  a  dyad  like 
calcium^  the  sulphate  of  which  (CaSOJ  is  both  commonly  and 
correctly  spoken  of  as  calcic  sulphate. 

Again^  in  the  case  of  the  nitrates  of  the  dyad  metals^  the  salts 
are  strictly  dinitrates ;  nitron  (NO3)'  being  a  monad^  for  example^ 

CaaNOg,  calcic  dinitrate 
BazNOg  baric  dinitrate. 

Yet  we  commonly  speak  of  them  as  calcic  nitrate  and  baric  nitrate, 
and  do  not  in  the  name  indicate  the  presence  of  two  atoms  of 
nitrion;  whilst  in  the  sodic  salt  (NaNOg),  which  is  correctly 
spoken  of  as  sodic  nitrate,  only  one  atom  of  nitrion  is  present. 

Again,  in  the  ordinary  or  tribasic  phosphates,  the  common  lime 
phosphate  (CagZPOJ  should  be  designated  as  tricalcic  diphosphate, 
though  usually  this  is  abbreviated  to  calcic  phosphate. 

When,  however,  there  are  many  salts  of  varying  com- 
position formed  &om  the  same  acid,  a  strict  adherence  to  system 
is  often  not  only  useful,  but  necessary  to  avoid  confusion.  For 
example,  in  the  three  phosphates  of  soda  formed  from  the 
ordinary  tribasic  acid,  the  proportions  of  the  different  basyls 
require  indication : — 

HgPO^  trihydric  phosphate. 
NagPO^  trisodic  phosphate. 
HNa^PO^  hydro-disodic  phosphate. 
HgNaPO^  sodic-dihydric  phosphate. 

Again,  it  may  sometimes  be  useful  to  speak  of  Cag^PO^  as 
tricalcic  diphosphate ;  of  CaH^aPO^  (superphosphate  of  lime) 
as  calcic  tetrahydric  diphosphate;  and  of  HNaH^NPO^  (micro- 
cosmic  salt),  as  ammonio-hydro-sodic  phosphate. 

By  prefixing  the  numeral  in  the  name  to  the  particular  con- 
stituent in  the  salt,  whether  it  be  the  hydrogen,  the  sodium,  or 
the  oxion,  we  indicate  readily  the  number  of  atoms  of  the 
particular  component  which  it  precedes. 

Other  forms  of  nomenclature  are  applied  in  particular  cases, 
but  these  will  be  best  explained  as  the  examples  to  which  they 
refer  arise. 

(332)  Empirical  and  Rational  Formida. — In  expressing  the 
composition  of  a  body  by  the  use  of  symbols,  the  chemist  may 
either  content  himself  with  simply  stating  the  result  of  analysis 
by  a  mere  enimieration  of  the  elements  and  the  relative  number 
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of  proportionals  of  eadi^  in  which  case  he  gives  what  is  termed 
the  empirical  formula  of  the  body ;  or  he  may  attempt  an 
explanation  of  the  mode  in  which  he  conceives  those  elements  to 
be  associated  together,  and  by  the  arrangement  of  his  symbols 
may  give  expression  to  a  theory  of  the  constitution  of  the  body, 
and  thus  assign  to  it  a  rational  formula.  A  body  can  have  but 
one  empirical  formula,  but  it  may  be  represented  by  a  variety  of 
rational  formulae,  according  to  the  different  views  which  may  be 
taken  as  to  the  mode  in  which  its  components  are  arranged. 

Crystallized  magnesic  sulphate,  for  example,  has  the  following 
empirical  formula : — 

(I)  MgH,,SO„ ; 

that  is  to  say,  its  constituents  are  present  in  the  ratio  of  i  atom 
of  magnesium,  14  of  hydrogen,  i  of  sulphur,  and  f  i  of  oxygen. 
It  is,  however,  never  so  written.  The  water  which  it  contains 
may  be  entirely  driven  off  by  a  heat  a  little  above  200°  C. ;  and 
the  salt  is  often  represented  as  consisting  of  magnesia,  sidphuric 
anhydride,  and  water,  as  these  are  the  materials  out  of  which  it  is 
formed :  thus — 

(2)  MgO,SO,.7H,0. 

But  it  is  found  that  at  a  heat  of  100°  C,  6  atoms  of  the  water 
may  be  expelled,  whilst  the  seventh  atom  requires  a  much  higher 
temperature,  so  that  it  appears  to  occupy  a  position  in  the  salt 
different  from  that  of  the  other  6 :  this  fact  may  be  indicated  by 
slightly  altering  the  second  formula,  as  follows : — 

(3)  MgO,SO,.H,0,6H,0. 

Many  chemists,  however,  guided  partly  by  the  results  of  the 
dectrolysis  of  the  salt,  suppose  that  when  once  an  acid  and  a 
base  have  reacted  on  each  other,  their  elements  are  arranged  in 
an  order  different  from  that  in  which  they  existed  when  separate, 
and  they  prefer  to  represent  the  salt  accordingly,  as 

(4)  Mg,SO,.H,0,  6H,0. 

Each  of  the  last  three  formulae  is  a  rational  formula  for  mag- 
nesic sulphate ;  and  each  conveys  far  more  information  than  the 
formula  No.  i.  Each  represents  a  theory  foimded  upon  par- 
ticular modes  of  decomposition  which  the  salt  may  be  made  to 
experience. 

It  is  impossible  that  all  these  formulae  shoidd  truly  indicate 
the  molecular  constitution  of  the  salt,  though  each  may  represent 
the  grouping  of  its  component  elements  under  particular  circum- 
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stances.  Rational  formulae  are  indeed  indispensable  as  the  ex- 
ponents of  the  theories  which  guide  the  chemist  in  his  researches, 
or  which  aid  him  in  arranging  and  interpreting  phenomena ;  but, 
like  the  theories  that  they  embody,  they  are  only  temporary 
expedients,  and  they  must  consequently  always  be  regarded  as 
such,  and  must  be  modified  or  discarded  when  they  no  longer 
fSedthfully  represent  the  conditions  of  our  knowledge  of  the  com- 
pounds which  they  are  employed  to  indicate.  A  perfect  rational 
formula  would  embrace  all  the  modes  of  decomposition  of  which 
a  compound  is  susceptible,  and  would  represent  the  constitution 
of  the  body  as  well  as  its  various  analogies  and  relations. 

(333)  General  Arrangement  of  the  Elements  adopted  in  this 
Work, — The  general  division  of  the  elementary  bodies  into  non- 
metallic  and  metallic  has  been  already  pointed  out.  There  is, 
however,  no  strict  line  of  demarkation  between  the  non-metallic 
and  the  metallic  elements. 

The  bodies  which  are  considered  as  non-metallic  constitute 
the  electro-negative  ingredient  in  the  binary  combinations  which 
they  form  with  the  metals,  and  are  most  of  them  insulators  of  the 
voltaic  current.  Carbon  and  silicon,  however,  in  certain  forms, 
act  as  conductors  of  electricity.  The  compounds  of  the  non- 
metals  with  oxygen  generally  show  but  little  tendency  to  unite 
with  acids ;  on  the  contrary,  the  higher  oxides  of  most  of  them 
form  compounds  which,  if  acted  on  by  water,  furnish  powerful 
acids.  These  acid-forming  oxides,  except  silica,  are  readily  soluble 
in  water ;  and  even  silica,  under  certain  circumstances,  may  be 
obtained  in  solution. 

The  metals,  on  the  other  hand,  are  characterized  by  a  peculiar 
combination  of  opacity  and  compactness,  which  gives  them,  when 
polished,  a  peculiar  brilliancy,  termed  the  metallic  lustre;  they 
are  good  conductors  of  heat  and  electricity,  and  most  of  them,  by 
combination  with  oxygen,  form  powerfiil  bases.  It  is,  neverthe- 
less, sometimes  difficult  to  determine  whether  a  body  should  be 
regarded  as  a  metal  or  not.  Arsenicum  has  a  high  metallic  lustre; 
but  it  is  more  closely  allied  to  phosphorus  than  to  any  other 
elementary  substance,  and  both  its  oxides,  when  dissolved  in  water, 
are  endowed  with  well-marked  acid  properties.  Tellurium  also  ex- 
hibits the  closest  analogy  with  selenium  and  with  sulphur,  but  it 
possesses  high  lustre,  and  some  conducting  power  for  electricity. 

The  subdivision  of  the  simple  substances  into  non-metallic 
and  metallic  is,  however,  convenient  to  the  student,  and  it  will 
therefore  be  retained  in  this  work.  The  order  in  which  the 
different  elementary  bodies  will  be  treated  is  not  in  all  cases 
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that  which  a  rigid  adherence  to  analogy  would  indicate,  though 
analogy  has  guided  us,  excepting  in  those  instances  in  which  it 
seemed  more  advantageous  to  the  student  to  follow  a  different 
course.  In  most  cases  we  shall  first  examine  the  chemical  pro- 
perties which  are  exhibited  by  each  of  the  elements  in  its  uncom- 
bined  form ;  we  shall  then  study  the  general  nature  of  its  actions 
upon  other  elements,  and  shall  afterwards  examine  the  more  im- 
portant compoimds  into  the  formation  of  which  it  enters. 

In  describing  the  properties  of  the  non-metals,  it  will  be 
found  a  convenient  arrangement  to  consider  first  the  four  elements 
which  enter  into  the  composition  of  those  all-pervading  and  all- 
important  substances^  air  and  water,  and  then  to  pass  on  to 
others,  classing  them  together  according  to  the  general  analogy  of 
their  properties.  Following  this  plan,  we  shall  consider  first  the 
properties  of  what  may  be  termed  the  atmospheric  group  of 
elements — viz.,  oxygen ;  nitrogen  (and  the  atmosphere) ;  hydrogen 
(and  water);  carbon  (and  carbonic  anhydride).* 

We  shall  next  examine  some  of  the  more  important  com- 
poimds which  these  bodies  form  with  each  other,  and  shall  then 
describe  the  well-marked  natural  group  constituting  what 
Berzelius  termed  the  Halogens^  from  the  circumstance  of  their 
forming  with  the  metals  saline  compounds  resembling  common 
salt ;  this  group  comprises  chlorine,  bromine,  iodine,  and  fluorine. 

Three  combustible  elements  will  be  taken  next  in  order — viz., 
sulphur,  selenium,  and  tellurium :  these  will  be  followed  by  phos- 
phorus, and  the  general  survey  of  the  non-metallic  elements  will 
be  completed  with  silicon  and  boron. 

For  the  convenience  of  description  and  of  reference,  the  metals 
will  be  arranged  in  eight  groups,  in  the  following  order.  The 
elements  which  compose  each  group  generally  present  some  natural 
resemblance,  though,  as  already  stated,  the  classification  does  not 
in  all  cases  bring  together  those  which,  in  chemical  habitudes,  are 
really  the  most  closely  allied. 


I.  Potassium. 
2*  Sodium. 


I.  Alkali-MetaU — ^5  in  number. 

3.  Lithium. 

4.  Caesium. 


5.  Rubidium. 


n.  Alkaline  Earth-Metals — 3  in  number. 
I.  Barium.  |       a.  Strontium.         |       3.  Calcium. 

*  Each  of  these  4  elements  is  the  representative  of  one  of  the  4  principal 
gravpa  of  elementary  bodies  :  hjdrogen  belongs  to  the  monads ;  oxygen  to  the 
djads ;  nitiogen  to  the  triads ;  while  carbon  represents  the  tetrads. 
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III.  Earth'Metah — 8  in  number. 


1.  Aluminum. 

2.  Glucinum. 

3.  Yttrium. 


4.  Erbium. 

5.  Terbium. 

6.  Cerium. 


7.  Lanthanum. 

8.  Didymium. 


IV.  Maffnesian  Metals — 3  in  number. 
I.  Magnesium.      |       2.  Zinc.  |       3.  Cadmium. 

V.  Metals  more  or  less  analogous  to  Iron — 6  in  number. 


I.  Cobalt, 
a.  Nickel. 


3.  Uranium. 

4.  Iron. 


5.  Chromium. 

6.  Manganese. 


VI.  Metals  which  yield  Acids — J2  in  number. 


1.  Tin. 

2.  Titanium. 

3.  Zirconium. 

4.  Thorinum. 


I. 


Copper. 


5.  Molybdenum. 

6.  Tungsten. 

7.  Niobium. 

8.  Tantalum. 

VII.  4  Metals. 


9.  Vanadium. 

10.  Arsenicum. 

11.  Antimony. 

12.  Bismuth. 


VII.  4  Metals. 
I       2.  Lead.       |       3.  Thallium.   |    4.  Indium. 

VIII.  Noble  Metals — 9  in  immber. 


1.  Mercury. 

2.  Silver. 

3.  Gold. 


4.  Platinum. 

5.  Palladium. 

6.  Rhodium. 


7.  Ruthenium, 

8.  Osmium. 

9.  Iridium. 


If  a  strictly  natural  order  were  to  be  followed  in  grouping  the 
elements,  it  would,  however,  be  necessary  to  modify  the  foregoing 
arrangement.  This  will  be  rendered  evident  by  pointing  out  the 
most  important  natural  groups  into  which  the  elementary  bodies 
admit  of  being  subdivided.  The  detailed  indication  of  the  points 
of  resemblance  between  the  members  composing  each  group  must 
be  deferred  until  the  properties  of  the  group  are  considered.  In 
many  instances  these  natural  relations  between  the  individual 
elements  thus  grouped  together  are  very  striking,  in  others  they 
are  more  obscurely  marked,  and  in  the  case  of  the  metals  of  the 
earths  proper,  as  well  as  of  the  noble  metals,  the  natural  chemical 
relations  of  these  elements  with  the  others  are  as  yet  but  incom- 
pletely known.  In  the  table  which  follows,  the  principal  elementary 
bodies  are  represented  in  two  converging  series. 
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MOVASS. 

Fluorine. 

Chlorine. 
Bromine. 
Iodine. 

Dtads. 
Oxygen. 

Snlpliur. 

Selenium. 

Tellurium. 

Triads. 


Nitrogen. 

Phosphorus. 
Anenicum. 
Antimony. 
Bismuth. 

Boron. 


Ruthenium. 
Rhodium. 
Iridium. 
Gold. 


Tetrads. 


Carbon. 

Silicon. 

Zirconiuni. 

Thorinum. 

Titanium. 

Tin. 


Palladium. 
Platinum. 


Lead. 


Monads. 
Hydrogen, 


Caesium. 

Rubidium. 

Potassium. 

Sodium. 

Lithium. 


Silver 
Thallium. 


Dtads, 


Barium. 

Strontium. 

Calcium. 


Magnesium. 

2iinc. 

Cadmium. 


Mercury. 
Copper. 


Tetrads. 

Nickel. 
Cobalt. 


Tetrads. 
Iron. 
Uranium. 
Cerium. 

Hexads. 

Chromium. 
Manganese. 

Aluminum. 


Molybdenum. 
Tungsten. 
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CHAPTER  11. 

A.  First  Division. — ^Thb  Non-Mbtals. 

The  following  table  gives  a  general  view  of  some  of  the  most 
important  of  the  constants  of  the  non-metals.  The  squares  em- 
ployed in  the  column  headed  "Atomic  Volume/'  indicate  the 
relative  volumes  occupied  by  a  quantity  in  grammes  of  each  of 
the  different  elements,  corresponding  to  the  numbers  given  in  the 
column  of  "  Atomic  Weight/'  assuming  that  the  space  occupied 
by  one  gramme  of  hydrogen  under  similar  circumstances  of  tem- 
perature and  pressure  would  fill  a  space  of  one  square  or  one 
volume.  One  gramme  of  hydrogen  at  o°  C.  and  760''*°'.  pressure, 
occupies  a  space  of  11 '19  litres. 

TABLE  OF  NON-METALS. 


NAMB. 

1 

0 

Atomio 
Weight. 

□           Atomic 
Volume. 

i. 

|ll 

16 

Specific  gT»Titj. 

BoUini! 

y— ^ 

«C. 

point. 

" K 

OF. 

1 

Oaai 

> ^ 

Theory. 

K>aa. 

^ s 

Ezpt 

Solid. 

FoaiBg 
"C. 

point. 

' s 

Oxygen     ... 

16 

1*1056 

1*1056 

Nitrc^n  ... 

N 

14 

D 

14 

0-9674 

0*9713 

Hydrogen... 

H 

I 

[■"1 

I 

00691 

00692 

Carbon 

C 

13 

? 

3*33^ 

never  fused. 

Chlorine    ... 

CI 

355 

r  1 

L_J 

35'5 

2*453 

2*47 

Bromine    ... 

Br 

80 

U 

80 

5*5281 

5*54 

3-i87* 

-"•5 

9*5 

63 

U54 

Iodine 

I 

127 

D 

127 

8756 

8716 

4*947 

107 

225 

175 

347 

Fluorine    ... 

F 

19 

D? 

19P 

1*313 

Sulphur    . . . 

S 

32 

n 

32 

2'2II2 

2*2 

2:05 

"5 

239 

446 

836 

Selenium  ... 

Se 

795 

n 

79*5 

5-486 

6*37 

4*788 

217 

423 

below  1 

redness. 

Tellurium... 

Te 

129 

D 

129 

8913 

9*oo 

665 

420 

/▼6 

800 

f 

► 

Phosphorus 

P 

31 

D 

62 

4-284 

442 

1*83 

44 

111-5 

288 

550 

Silicon 

Si 

28 

? 

2*49 

P 

Boron 

B 

J  0*9 

p 

2-68 

P 

*  Sp.  gr.  of  liquid  at  0°  C. 


THE   ATMOSPHERE.       OXYGEN — NITROGEN. 

(334)  Compound  Nature  of  the  Atmosphere, — The  chemical 
researches  of  the  philosophers  of  the  last  century  are  especially 
remarkable  on  account  of  the  important  information  which  they 
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afforded  upon  the  nature  of  the  atmosphere.  Indeed^  the  know- 
ledge thus  obtained  may  be  regarded  as  the  starting-point  of  the 
brilliant  chemical  discoveries  which  have  since  succeeded  each 
other  with  such  rapidity.  These  researches  have  abundantly 
proved  that  the  air  is  far  from  being,  as  it  was  once  supposed  to 
be,  an  elementary  body.  It  has  been  found,  on  the  contrary,  to 
be  a  mixture  of  several  substances,  some  of  which  are  elementary, 
others  compound. 

The  most  remarkable  and  abundant  of  the  constituents  of  the 
air  are  the  elementary  bodies  oxygen  and  nitrogen ;  and  of  its 
compoimd  ingredients,  the  most  important  are  aqueous  vapour 
and  carbonic  anhydride. 

The  most  direct  prooft  of  the  compound  character  of  the 
atmosphere  are  afforded  by  examining  the  effects  produced  upon 
it  by  burning  bodies.  Bodies,  as  is  well  known,  cannot  bum 
without  the  free  access  of  air.  On  placing  a  lighted  taper  under 
the  receiver  of  the  air-pump  and  exhausting  the  air,  the  flame 
becomes  extinguished.  A  limited  quantity  of  air  will  support 
combustion  for  but  a  limited  period :  a  lighted  taper  floating  on 
water  under  an  inverted  bell-glass,  the  edge  of  which  is  plunged 
beneath  the  water,  soon  begins  to  burn  dimly,  and  at  length 
becomes  extinct.  But  the  taper  ceases  to  bum  long  before  the 
air  is  aU  spent ;  the  receiver  still  contains  a  large  quantity  of  a 
gaseous  body  in  which  a  candle  will  not  bum.  The  results 
obtained  by  burning  a  candle  in  a  limited  portion  of  air  are, 
howcTer,  rather  complicated,  because  the  products  which  are 
formed  by  the  burning  body  rise  in  the  form  of  gas,  and  become 
mixed  with  the  remaining  portion  of  air.  Lavoisier  contrived  to 
obviate  this  inconvenience  by  acting  upon  the  air  with  a  sub- 
stance which  produced  a  solid  body  as  the  result  of  the  chemical 
action,  so  that  it  left  the  air  unmixed  with  any  gas  which  rose 
from  the  burning  body.  The  material  he  employed  to  decom- 
pose the  air  was  metallic  mercury,  a  substance  which  acts  very 
slowly,  and  which  does  not  bum  in  the  ordinary  sense  of  the 
term.     The  experiment  may  be  performed  as  foUows  :- 

Into  the  bulb  of  a  flask  or  retort  (a,  fig.  275),  provided  with  a  neck  of  con- 
lidflrable  length,  an  ounce  or  two  of  metallic  mercury  is  introduced :  the  neck  of 
the  flask  is  then  bent  in  the  manner  shown  in  the  figure,  and  the  bent  portion 
plunged  into  a  mercurial  bath,  so  as  to  leave  the  open  end  of  the  neck  projecting 
above  the  level  of  the  mercury,  into  a  jar  partially  filled  with  atmospheric  air. 
The  bulk  of  this  portion  of  air  is  then  accurately  observed,  and  the -temperature 
and  baxometric  pressure  at  the  time  of  the  observation  are  recorded.  Heat  is 
now  applied  to  the  flask,  and  maintained  steadily  at  a  point  just  below  that 
required  to  make  the  mercury  boil.  If  this  temperature  be  continued  for  three 
or  fdor  oonaecntive  daysy  the  air  inclosed  both  in  the  flask  and  in  the  jar  will 
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partiaipKte  io  the  action.    Tha  nieroury  in  tha  Qaak  i 


ill  griduallf  become  covered 
witli  Md  aealM,  Bud  the 
air,  which  at  fint  ex- 
panded from  the  action 
of  the  heat,  and  de- 
presied  the  level  of  the 
mercniy  in  the  jar,  will 
bIowIj  deereaM  in  bulk, 
until  fresh  scales  no 
longer  continue  to  be 
formed.  When  this  point 
ii  reached,  the  source  of 
heat  maj  be  removed, 
and  the  remaining  air, 
when  cold,  will  be  found 
to  measnre  about  one- 
fifth  less  than  it  did  at 
the  commem«ment.  If 
a  portion  of  this  residual 
air  be  decanted  into 
another  jar,  it  will  be  found  to  be  nnfit  for  the  support  of  animal  life  ;  a  mouse 
or  other  small  animal  introduced  into  it  speedilj  dies,  and  the  flame  of  a  candle 
is  instantlj  extinguished.  The  gia  which  has  been  thus  obt&ined  ia  an  elementaij 
body,  nearlj  in  a  state  of  pnritj.  termed  Dttrt^n  (339).  In  thin  experiment  the 
heated  mercurj  haa  been  slowlj  efi*ectiDg  the  removal  of  the  oxjgen  from  the  air. 

§1.  Oxygen:   0  =  1(5;  Atomic    Vol.  [~\;  Molecule  in  free  state, 
00  \^^^ ;  Rel.  wt.  i6 ;  Dyad,  a»  ia  H,0 ;  Specific  Gravity, 
vio^6  J*  not  yet  liquefied. 
(335)    ^^  ^^^   ^^  scales   which  are   formed   upon  mercury 
when,  as  in  the  foregoing  experiment,  it  is  heated  in  a  con6ned 
portion   of  air,  he   introduced  into  a  small  glass  retort  and  ex- 
posed to  a  strong  heat,  they  will  gradually  disappear ;  drops  of 


*  Formerly  the  symbol  for  oxygen  was  taken  as  0  =  8,  and  the  volume 
occupied  by  8  parts  bj  weight  of  oxygen  was  employed  as  the  unit  of  gaseous 
volume ;  but  the  arguments  of  Gerhardt  and  the  progress  of  research  require  that 
the  number  for  the  atomic  weight  of  oxygen  should  be  doubled,  if  that  of  hydro- 
gen remains  unaltered.  Consequently  an  extensive  chan|^  in  notation,  and 
indeed  in  the  interpretation  of  chemical  phenomena  generally,  becomes  necessary. 

If  the  atomic  weight  of  oxygen  be  represented  aa  0=  16,  the  moUcvU  of 
free  oxygen  will  be  (00),  with  a  molecular  weight^  31,  and  molecular  volume 
["_[_Jl  the  atomic  weight  of  hydrogen  being  (H=  i),the  molecule  of  free  hydrt^n 
will  be  (HH),  occupying  the  name  volume  as  a  molecule  of  oxygen  ;  and  the 
molecular  weight  of  water  will  be  H,0  =^  i  S,  inntead  of  H  O  —  g.  In  this  work 
the  molecular  volume  of  compounds  will,  unless  specifically  stated  to  be  other- 
wise, be  represented  uniformly  by  2  volumes,  instead  of  by  the  anomalous  method 
of  representing  some  compounds  by  2',  others  by  4-Tolume  fomulie,  as  hereto- 
fore practised,  in  the  various  equations  by  which  chemical  reactions  are 
represented. 

Jfolecular  formuira  will  always  be  employed  where  it  is  practicable.  Such 
molecular  fonnuln  will  indicate  qnantitiei  of  each  eomponnd  the  volnmes  of 
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mercury  will  "become  condensed  in  the  cool  part  of  the  retort, 
and  a  gas  wiU  be  disengaged,  which  may  be  collected  over  water. 
If  the  experiment  be  performed  with  accuracy,  the  quantity  of 
the  gas  obtained  will  be  exactly  equal  in  volume  to  the  bulk 
absorbed  from  the  air  by  the  mercury.  To  this  gas  the  name  of 
Oxygen  (generator  of  acids,  from  o^uc  sour,  and  y^vvin^  to  pro- 
dnce)  has  been  given.  It  is  an  elementary  body,  and  from  the 
abundance  in  which  it  occurs,  the  number  and  the  variety  of  its 
compounds,  and  the  necessary  part  which  it  performs  in  the 
maintenance  of  life,  it  must  be  regarded  as  the  most  remarkable 
and  important  of  the  simple  bodies. 

Properties. — Oxygen  possesses  extremely  powerful  chemical 
attractions  for  other  elementary  substances ;  one  element  only 
(fluorine)  being  known  with  which  it  does  not  combine.  Owing 
to  the  intensity  with  which  many  of  these  combinations  take 
place,  oxygen  gas  possesses  the  power  of  supporting  combustion 
in  an  eminent  degree.  If  a  splinter  of  wood  with  a  glowing 
spark  on  any  part  of  it  be  plunged  into  the  gas,  the  wood  will 
instantly  burst  into  flame,  and  will  bum  with  extraordinary 
brilliancy.  Many  bodies  which  bum  tranquilly  in  air  often 
deflagrate  with  violence  in  oxygen. 

Fhoftphoms  bums  in  it  with  a  brilliancy  which  is  painful  to  the  eye ;  and  in 
like  manner  sulphur  and  charcoal,  if  preriously  kindled,  bum  in  the  gas 
with  great  vehemence.  Many  metals  also  bum  vividly  in  it;  a  piece  of 
poUasiom  of  the  size  of  a  pea,  if  placed  in  a  small  copper  spoon,  c,  fig.  276, 


0   .f         ./                K 

*      0 

whidi  amount  to  double  the 

combining  volume  of  hydrogen,  if  the  atom  of 

hydrogen  H  =  i ;  as  for  example : — 

Bqual 

Moleonlftr              Moleoiil*r 

tola. 

weight.                   Toluroe. 

xnb  oxygen    ...         ••• 

00 

=       3a      -     CH 

Free  hydrogen 

HH 

a        ...      I__L 

Free  chlorine  ..• 

...       ClCl 

=        11        ...      'ZJ 

Free  nitrogen ... 

...        NN 

=       28      ...     TT"", 

Hydrochloric  acid 

...       HCl 

=     3«5-5  ...   c:] 

Steam             

...       H,0 

=         t8        ...      CI] 

Sulphuretted  hydrogen 

H,S 

=        34       ...      LLJ 

Seleniuretted  hydrogen 

...      H,Se 

81-5  ...   m 

Oxygen  belongs  to  a  class  of  elements  including  sulphur,  selenium,  and 
teQariom,  which  may  be  termed  electro'tiegative  dyads.  Each  of  these  bodies 
is  characterized  by  the  power  of  uniting  with  twice  its  volume  of  hydrogen,  fur- 
yiiAmg  a  gaseous  compound  in  which  the  three  volumes  are  condensed  into  the 
tpaoe  of  two :  one  atom  of  the  elements  belonging  to  this  group  may  be  said  to 
be  equtralent  in  combination  to  two  atoms  of  hydrogen  or  of  one  of  the  halogens. 
TIm  BiolffMilf  of  these  elements  contains  two  atoms :  e.g.  SS  or  S,  ==  64,  the  mole- 
ea]«  of  sdlplnir ;  8e,  =>  I59»  the  molecule  of  selenium. 

n.  c 
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gas:  if  a  piece  of  German  tinder  be  attached  to  a  piece  of  watch-spring  or 
thin  steel  wire  and   be  lighted,  to  start  the  combustion  before  it  is  intro- 

dnced  into  the  oxygen,  the  wire  will  bum  with 
Fig.  276.  brilliant  scintillations;  and  zinc  foil,  tipped  with 

sulphur  and  kindled,  bums  in  oxygen  with  an  in- 
tense blubh  white  light. 

In  all  these  cases  the  oxygen  combines 
with  the  burning  body ;  in  each  instance  a 
new  substance  is  produced^  quite  different 
in  properties  from  either  oxygen  or  the 
body  burned :  and  when  the  act  of  com* 
bination  ceases  the  process  of  burning  is 
at  an  end. 

Oxygen  is  essential  to  the  support  of 
animal  life,  and  hence  by  the  older  chemists  was  termed  vital 
air.  A  small  animal  will  live  in  a  confined  space  filled  with 
oxygen  for  a  longer  period  than  in  an  equal  bulk  of  air ;  but 
the  gas  is  of  too  stimulating  a  quality  to  be  breathed  undiluted 
with  impunity  for  any  considerable  time,  and  before  long  it  pro- 
duces death  from  over-excitement  of  the  system. 

Oxygen,  like  air,  is  destitute  of  colour,  taste,  and  smell.  Of 
all  known  substances  it  exerts  the  smallest  refracting  power  upon 
the  rays  of  light.  Hitherto  all  attempts  to  reduce  it  to  the 
liquid  form  by  the  combined  application  of  pressure  and  cold  have 
proved  fruitless.  Oxygen  has  been  proved  to  possess  weak  but 
decided  magnetic  properties,  like  those  of  iron,  and  like  this  sub- 
stance its  susceptibility  to  magnetization  is  diminished,  or  even 
temporarily  suspended,  by  a  sufficient  elevation  of  temperature 
(325).  It  is  heavier  than  the  atmosphere,  its  specific  gravity, 
according  to  Regnault,  being  i*  10563  :  i  litre  at  0°  C,  and 
760""*  pressure,  weighing  i'4a98  grm. ;  or  100  cubic  inches  at 
60°  F.  and  30  inches  Bar.,  weighing  34*203  grains  ;  it  is  only 
slightly  soluble  in  water,  which  takes  up  about  ^  of  its  bulk,  at 
o°C.,  and  ^V  **  15°;  100  volumes  of  water,  according  to  Bunsen, 
dissolving  4*11  vols,  at  0°  C,  and  2*99  at  15°. 

Preparation,— There  are  several  methods  of  procuring  oxygen 
gas,  the  simplest  of  which  consist  in  the  exposure  of  certain 
metallic  oxides  to  a  high  temperature,  by  which  they  are  made  to 
give  up,  more  or  less  completely,  the  oxygen  with  which  the 
metals  had  combined. 

1. — The  original  method  of  Priestley,  by  which  he  first  isolated  pure  oxygen, 
in  1774,  consisted  in  heating  the  red  oxide  of  mercury  to  about  752^  (400°  C.), 
2  HgO  yielding  2Hg  +  0,;  mercury  at  a  moderate  heat  having  the  power  of  uniting 
with  oxygen,  whUst  at  a  somewhat  higher  temperature  the  compound  is  resolved 
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a. — For  tba  auppl;  of  large  qnantitiea  of  oijgen  it  u  tunal  to  employ  tlie 
bbek  oxide  of  manguiew  (MdO,),  a  mineriil  which  at  a  red  heat  parts  with  oae- 
third  of  the  oxjgan  which  it  oootaini),  whilst  a  reddish-brown  oxide  of  manga- 
■eM  remains  behind }  3H11O,  giving  Md,0,  -t-  0,.  The  minenJ  must  he  reduced 
to  Mnall  Jragmeut*  of  aiioat  the  lize  of  a  pea,  and  iDtroduced  into  an  iron  bottle, 
ig.  377,  to  the  neok 

cf  which  an  iron  pipe  ^^°-  377- 

ii  fitted  hj  grinding ; 
the  bottle  is  heated  in 
afhmaee,  and  the  gas  I 
it  eoBJtyai  to  the  gaa-  \ 
hoUer  hf  means  of  a 

fieee  of  flexible  metallic  piping  of  suitable  length.  As  the  oxide  of  n: 
wmailj  contains  water  as  well  as  a  portion  of  nitrate  and  some  oalcjo  carbonate, 
Ifao  fint  effect  of  heat  is  to  drive  off  a  qnantitj  of  steam,  mixed  with  a  gns  which 
ooasisti  ptincipaUj  of  carbonic  anhydride  mixed  with  nitrogen,  which  last  gas, 
hwKTW,  nsnally  ia  driven  off  at  a  later  period,  and  oonttunioatea  the  oxygen 
•ftm  to  the  extent  of  5  or  6  per  cent  When  the  gas  that  oomea  off  rekindles 
ft  gfewing  match,  it  may  be  oolleeted  for  nse.  Black  oxide  of  manganese, 
wken  pun,  fnmiahea  about  one-ninth  of  its  weight  of  oxygen;  but  as  met 
with  in  oorameree  it  seldom  yields  more  than  half  thiii  quantity,  a  pound 
giving  off  about   1400   oubio  inches,  or  a  kilogramme  aboot  50  litres  of  the 

«^ 

3. — A  anpply  of  very  pore  oxygen  may  also  be  obtained  readily  by  the  action 
of  heat  upon  the  salt  known  a*  chlorate  of  potash,  or  potas«ic  chlorate.  About 
half  an  ounce,  or  firom   ij  to 

so  grammra  of  this  talt  may 

be  beatad  over  a  gaa  flame  or  a 

(barooal  fire,  in  a  green  glass 

ntort,  or  in  a  Florence  flask, 

t  (6g.  378),  rnmithed  mth  a 

Mifc  which   ia   adapted   to   a 

btnt   tube  for   delivering  the 

gas:  the   salt  fuses  at  a  heat 

Ulow  rediMM,   and  at  a  tem- 

pvator*  a  little  above  its  melt- 

iag  point  emit*  a  large  qnan- 

ti^  of  gas,  which  may  be  col- 

laeted  in  jan  over  water  in  the 

p>— w..«i-  troagh,  or  it  may, 

if  not  wanted    for   immedi^ 

■■•,  be  stored   up  in  a  gas- 

kUar  (39).     If  a  jar  of  the 

pm  be  ckaed  with  a  glass  plat« 

it  may  nadily  be  inverted,  a* 

it  a,  fig.  379,   and  its  power  of  supporting  combustion  tested  by  a  taper,  as 

AowB  at  B.     The  oxygen  fiimished  by  the  chlorate  amounts  to  more  than  ono- 

Ihsd  of  the  weight  of  the  salt  osed ;   i  onnoa  or  3S-3  grms.  of  the  crystals  should 

yiiUaboatp  litres,  or  oeariy  3  gallonsof  tbegas.    Fotassic  chlorate  (EClO,),  is  a 
A  tt  dilorkm  (CIO  j  with  potassium )   when  heated  snfEciently,  the  salt 
M  up  all  its  oxygen  in   the  gaseons  form,  whilst  the 
uut^  and  eonatitote  the  white  tslt  wbidi  remains  ie 
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tlie  nbnt  wlMn  Uie  operation  u  orer.    ^le  diMige  maj  be  tha  repreMntod 
in*yinb<il»:  aKClO.-aKCl  +  jO^ 

_  ^ — When  the  qnantitua  al 

'^^°-  ^'^  MoaXe  emplojed   tra   ntiier 

large,  tlie  heat  reqDiTed  ia  apt 
to  loAeii  tbe  gbai  of  the  fliak 
in  whidi  it  u  deoompoatd.  It 
haa,  howaTeT,  been  foand  thit 
manj  metallio  ozidca,  if  mixed 
in  fine  powder  wiUi  the  puI- 
veriied  dJoiata  in  a  praportiMi 
of  not  kn  than  one  part  to 
ten  of  the  Mlt,  eaoM  the  ex- 
palum  t^  the  ga*  at  a  rnnoh 
lower  temperature,  ranging  be- 
tween 450'  and  500°  P.  (133°  and  35o°  C.)<  tlthoogb  aneh  oxide*  hare  not  been 
pnnred  to  experience  anj  cbemical  change  daring  the  operatioD  (1008).  It  h 
therefore  oonrenieot  in  practioe  to  mix  poUaeic  chlorate  with  about  a  fooith  of  ita 
weiglit  of  black  oxide  of  copper  (CaO)  or  of  oxide  of  maoganeee,  that  bai  been  preri- 
onalf  heated  to  redneea  and  allowed  to  cooL  Tbe  gaa  whii±  ia  obtained  in 
this  way  alwaja  oontuna  tracei  of  chlorine,  and  the  heat  mnit  be  carefnll  j  watched, 
aa  at  a  paitacolar  point  the  oijgen  ii  dieengaged  witb  verj  great  rapiditj. 

Oxygen  may  be  obtained  from  various  other  substances,  but 
those  ab^sdy  mentioned  are  the  best,  and  are  the  materials  moat 
freqaently  employed.  Red  lead,  and  the  peroxides  of  most  of 
the  metals,  such  as  those  of  silver  and  lead,  as  veil  as  the  nitrates 
of  potassium,  sodium,  and  barium,  vhen  heated  strongly,  furnish 
the  gas ;  it  may  also  be  obtained  by  heating  chloride  of  lime  or 
bleaching  powder ;  and  a  mixture  of  sulphuric  acid  in  its  concen- 
trated form,  with  half  its  weight  of  powdered  oxide  of  mangi^ 
nese,  or  of  potassic  dichromate  (KjCrO^CrO,)  may  also  be  made 
use  of  fay  applying  heat  to  the  materials  placed  in  a  glass  retort. 

Potaasic  dichromate  (bichromate  of  potaah)  and  idphuric  add  when  heated 
together  nndeigo  a  dfcompo«itioa,  in  oonaeqaence  of  which,  oxjgen,  bjdro>potat- 
aie  ndpbate,  and  chromic  aalphate  are  produced.     Tbii  change  may  be  re^»* 
•ented  in  the  following  manner : — 
Ft'-"  diehnm.  SnlfA,  hiuI,    Hydro- polMi.  lalpli.   Chnm.  n]ph.  "Water.        Oijjm, 

aK,G;0,  +  ioH,SO,  =  4KH8O,  +  3(Cr,3S0J  +  8H,6"  +  30"' 
Part  of  tbe  inlpbaric  acid  is  employed  in  displacing  the  chromic  acid  from 
tlie  dichromate,  and  in  forming  hjdro-potassic  Bulphale  in  its  atead,  whilit 
another  portion  of  the  sulphuric  acid  assists  io  denompoaing  the  liberated  chromic 
aoid,  which  lo«eH  half  itit  oxygen,  and  becomes  converted  inln  chromic  oxide; 
and  tbe  chromium  of  this  oiide,  by  exchanging  places  with  tbe  hydrogen  of  the 
anlphnri''.  acid,  forms  chromic  sulphate,  whilst  water  is  formed. 

When  oxygen  is  reqaircd  in  large  quantities,  as  in  metallurgtc  operations, 
Deville  and  Debny  recommend  the  decomposition  of  solphuric  acid  by  heat  as 
the  eheapeat  source  of  (be  gaa.  A  tabnlated  earthenware  retort  is  chaiged  wiUi 
hguenta  of  fire-brick,  an  iron  tube  auSeiently  long  to  reach  to  the  bottom  of 
the  retort  ii  luted  into  tbe  bibitlare,  and  wboi  Uie  retort  ia  at  s  fall  r«d  heat. 
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the  acid  is  allowed  to  pass  in,  drop  by  drop,  through  a  bent  funnel.  In  this 
operation  the  sulphuric  add  is  decomposed  into  sulphurous  anhydride,  oxygen, 
and  water,  as  may  be  represented  by  the  following  equation  :— 

Bolphnrio  add.  Salphnrons  aaliydride. 

aH,SO^      «     2H,0     +      aSO,    +     0,. 

The  Tolatilized  products  are  transmitted  through  a  small  spiral  condenser  to 
liquefy  the  water  and  undecomposed  acid,  whilst  the  sulphurous  anhydride  is 
remoTed  by  subsequent  washing  with  water,  and  the  oxygen  is  collected  in  the 
usual  manner. 

Dried  zincic  sulphate  likewise  furnishes  oxygen  and  sulphurous  anhydride 
ftadilj  on  the  applicatbn  of  a  full  red  heat,  while  zincic  oxide  remains  in  the 
retort:-^ 

aZnSO^  =  2ZnO  +   2SO,  +  0,. 

Baric  dioxide,  BaO,,  was  also  proposed  by  Boussingault  as  a  source  of  oxygen. 
He  hoped  alternately  to  convert  baryta  into  the  dioxide,  by  heating  it  to  dull 
redness  in  a  current  of  air,  and  then  to  decompose  the  dioxide  by  a  still  more 
derated  temperature,  and  thus  to  be  able  to  extract  oxygen  from  the  atmosphere 
with  the  same  quantity  of  baryta  for  an  indefinite  number  of  times,  but  hitherto 
the  difficulties  attendmg  the  use  of  this  method  have  prevented  its  application  in 
the  arts. 

{'^jjS)  Nature  of  Combustion. — ^The  distinguishing  feature  of 
oxygen  is  its  remarkable  power  of  supporting  combustion.  When- 
ever any  rapid  chemical  action  attended  with  extrication  of  light 
and  heat  takes  place^  combustion  is  said  to  occur.  In  order  to 
commence  this  action  it  is  generally  necessary  to  apply  heat ; 
afterwards  the  heat  which  is  liberated  during  the  process  is  more 
than  suflScient  to  carry  it  on^  and  the  act  of  combination  pro- 
oeeda  with  increasing  rapidity.  A  stick  of  charcoal  may  be  kept 
in  oxygen  at  common  temperatures  for  years  without  entering 
into  combination  with  the  gas^  but  the  smallest  spark  upon  the 
nu&ce  of  the  charcoal  will  suffice  to  determine  its  immediate 
and  viyid  combustion. 

It  must  ever  be  borne  in  mind  that  in  the  case  of  combus- 
tion, as  in  every  instance  of  chemical  action,  how  completely 
soever  the  combustible,  or  body  which  is  burned,  may  change  its 
form,  so  as  even  to  disappear  from  our  sight,  there  is  no  actual 
destruction  of  matter  or  loss  of  weight.  A  candle  in  burning 
leems  to  be  completely  destroyed ;  and  when  the  combustion  is 
Ofver,  an  insignificant  trace  of  ash  from  the  wick  is  all  that  re- 
mains to  the  eye.  It  is,  however,  easy  to  show  that  there  is  no 
actual  destruction  of  its  components  in  this  operation,  but  that 
tiie  constituents  of  the  candle  in  burning  have  combined  with  a 
certain  proportion  of  oxygen,  and  that  the  aeriform  compounds, 
carbonic  anhydride  and  aqueous  vapour,  which  are  the  result  of 
the  oomlnistionj  though  invisible,  really  weigh  more  than  the 
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origiiL^  candle  ;  tlie  gain  in  weight  representing  the  qnaotity  of 
oxygen  which  haa  produced  the  chemical  change  by  its  combina- 
tion with  the  materials  of  the  candle. 
The  experiment  raoj  be  conducted  L 


Fis.  aSo. 


D  the  following  nunneT  : — Take  &  glaH 
tube,  A  B,  5g.  380,  14  or  i  j 
inches  (35  or  40  centimetrea) 
long,  and  ij  inch  (or  4  cenU- 
metrea]  in  diameteri  thruat  a 
piece  of  wire  game,  ^  half 
way  down  the  tabe,  and  fill 
the  upper  half  with  fngnienta 
ot  fiued  oaoBtio  poUih.  The 
fused  paUnh  is  emplojed  to 
retain  both  the  carbonic  anhy- 
dride and  the  minitnre,  which 
ate  the  only  oomponnds  pro- 
duced by  the  burning  candle, 
if  it  be  properly  mpphed  with 
air.  To  the  lower  eed  of  the 
tube  fit  a  cork  perforated  with 
three  or  four  holes  for  the  ad- 
T  mission  of  air,  and  fasten  to  it 
a  short  piece  of  wax  taper. 
To  the  other  end  of  the  tube 
adapt  a  cork,  throogh  which  a 
short  pieee  of  tabe,  g,  of  abont 
one-tlurd  of  an  inch  (8"°') 
in  diameter  in  passed.  Now 
weigh  the  tube  and  its  con- 
tents. Connect  the  tube  g  by 
means  of  a  piece  of  flexible 
tubing,  c,  to  au  aapirator  jar, 
D,  filled  with  water ;  open  the  stopcock,  E,  and  let  the  water  flow.  The  water 
eannot  escape  at  Z  till  its  place  is  supplied  by  atmoepherio  ur;  and  since  the 
aspirator,  throogh  the  tube  c,  ia  connected  with  x  b,  which  at  b  communicafes 
freely  with  the  atmosphere,  a  current  of  air  is  established  through  a  b.  Now 
withdraw  the  cork  b,  light  the  taper,  and  quickly  replace  it  in  the  tube ;  in 
about  three  minutes'  time  close  the  stopoock  of  the  aaprator;  the  taper  ia 
instantly  extinguished.  Detach  the  tulfe  c  ;  the  glass  x  b,  when  cold,  wiU 
weigh  tereral  decigrammes  heavier  than  before. 

At  the  ordinary  temperature  of  the  atmosphere  oxygen  fre- 
quently enters  slowly  into  combination  without  any  perceptible 
diaengagemeat  of  heat,  as  when  a  bar  of  iron  is  gradually  rusting 
in  the  air.*     In  other  instances,  where  the  process  is  more  rapid, 


*  When  considerable  mssaes  of  iron  are  allowed  to  nut,  a  distinct  eleTation 
of  temperature  is  often  perceived.  This  is  seen  when  a  heap  of  iron  turnings  of 
from  II  to  23  lb.  (5  to  lokilog.)  is  moistened  with  water  and  exposed  to  the  air  ; 
and  a  curious  illustration  of  the  fact  was  afforded  during  the  manufacture  of  the 
UediUmnean  electric  oaUe.     Th«  copper  ooodooting  win  of  this  cable  waa 
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the  heat  accmnnlates^  and  sometimes  it  rises  liigh  enough  to 
cause  the  materials  to  burst  into  flame^  producing  what  are  called 
cases  of  spontaneous  combustion.  Charcoal  that  has  been  re- 
duced to  fine  powder  as  a  preliminary  to  the  manufacture  of 
gunpowder^  and  which  offers  a  large  surface  to  the  air^  occa- 
sionally exhibits  this  phenomenon ;  and  it  is  still  more  often 
manifested  when  tow  that  has  been  used  for  wiping  machinery 
lubricated  with  oil  is  laid  aside  in  heaps.  The  oil^  when  spread 
over  so  large  a  surface^  absorbs  oxygen  rapidly^  and  the  tempera- 
ture goes  on  rising  until  the  mass  bursts  into  flame. 

The  oxidation  of  the  metals  has  been  observed  to  take  place 
much  more  rapidly  in  a  moist  than  in  a  dry  atmosphere.  A  bar 
of  poUshed  iron  will  remain  in  dry  air  unchanged  for  any  length 
of  time,  but  if  moisture  be  present  it  will  quickly  become  rusty ; 
the  oxide  of  iron  in  this  case  combines  with  the  water  which  it 
absorbs  firom  the  air  (753).  In  the  case  of  iron,  the  oxidation 
continues  to  spread  through  the  entire  mass  of  the  metal ;  but 
in  other  instances,  as  occurs  with  lead  and  zinc,  a  superficial  coat 
of  oxide  is  formed,  which  adheres  firmly  to  the  surface,  and  pro- 
tects the  metal  beneath  from  further  change. 

The  more  the  oxygen  is  diluted,  whether  by  diminution  of 
pressure,  or  by  mixture  with  a  gas  which  does  not  act  chemically 
upon  it,  as  with  the  nitrogen  of  the  atmosphere,  the  less  elevated 
18  the  temperature  which  is  produced  in  a  given  time  by  combus- 
tion, because  fewer  particles  are  in  contact  vrith  the  burning 
body»  whilst  at  the  same  time  the  diluting  gas  must  have  its  tem- 
perature raised,  and  the  more  slowly,  in  consequence,  does  the 
operation  proceed.     The  activity  of  the  combustion  is  greatly 

ooated  with  gutta-peroha,  thin  was  covered  with  a  serving  of  tar  and  hemp,  and  the 
whole  was  enclosed  in  a  strong  casing  of  iron  wire.  The  cable  as  it  was  manufac- 
toied  was  coiled  in  tanks  filled  with  water.  These  tanks  leaked,  and  the  water  was 
IB  eooaeqneDce  drawn  off,  leaving  a  quantity  of  cable,  about  163  nautical  miles 
m  length,  coiled  into  a  mass  about  30  feet  or  9  metres  in  diameter,  with  an 
cje  or  central  space  of  6  feet,  (rather  less  tban  2  metres)  ;  the  height  of  the  coil 
was  about  8  feet  (2*5  metres).  Rapid  oxidation  took  place,  and  the  temperature 
at  the  oentre  of  the  coil,  nearly  3  feet  (o'p  metre)  from  the  bottom,  rose  in  4 
days  from  66^  to  79°  (19^  to  26°  C),  al^ough  the  temperature  of  the  air  did 
not  exceed  6&*  (19^  C.)>  during  the  period,  and  was  as  low  as  59^  (15^  G.)  part  of 
the  time.  In  other  parts  of  the  mass  tbe  heat  rose  so  high  as  to  cause  the  water 
to  evaporate  suffidentiy  rapidly  to  produce  a  visible  cloud  of  vapour,  and  to  give 
tiso  to  apprehensions  Uiat  the  insulating  power  of  the  cable  would  be  destroyed 
by  the  softening  of  the  gutta-percha.  No  doubt  the  rise  of  temperature  would 
have  been  still  greater  had  it  not  been  checked  by  the  affusion  of  cold  water ; 
but  the  oxidation  and  the  heating  were  renewed  when  the  affusion  was  disoon- 
tbnied.  The  oxidation  occurred  only  on  the  external  surface  of  the  iron  wires, 
tfaii  portioB  in  contaet  with  the  tarred  hemp  remaining  perfectly  bright 
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augmented  by  increasing  the  number  of  particles  of  oxygen  wbich 
are  brought  in  a  given  time  into  contact  with  the  combustible,  as 
well  as  by  carrying  away  the  gaseous  products  of  combustion  which 
are  incapable  of  combining  with  the  fuel,  and  which,  if  suffered 
to  accumulate,  would  cut  off  the  supply  of  firesh  oxygen ;  in  this 
way  the  action  of  the  smith's  bellows  and  the  blowing  machine 
of  the  blast  furnace  may  be  explained.  The  influence  of  a  long 
chimney  in  producing  a  powerful  heat  in  the  furnace  at  its  base 
is  similar ;  whilst  the  effect  of  diminishing  the  supply  of  air  by 
closing  the  damper,  or  shotting  the  door  of  the  ash-pit,  is  seen 
in  the  diminished  temperature  and  reduced  consumption  of  fuel 
which  occur  under  such  circumstances. 

It  is,  however,  important  to  remark  that  the  quantity  of  heat 
emitted  during  the  combination  of  a  given  quantity  of  oxygen  is 
definite,  and  is  dependent  in  part  upon  the  chemical  nature  of 
the  burning  body,  but  it  is  independent  of  the  rate  at  which  the 
combustion  is  effected  (199  et  seq.). 

The  act  of  respiration  in  animals,  during  which  the  oxygen 
of  the  air  is  brought  into  contact  with  the  blood  through  the 
agency  of  the  lungs,  is  attended  with  a  slow  change^  analogous 
to  combustion,  and  is  accompanied  by  extrication  of  heat;  an 
oxidation  of  a  portion  of  the  constituents  of  the  blood  occurs^ 
carbonic  anhydride  is  extricated  and  passes  off  with  the  expired 
air,  and  at  the  same  time  the  colour  of  the  blood  is  changed  from 
a  dusky  purple  to  bright  crimson. 

All  bodies  may,  with  reference  to  combustion,  be  arranged 
under  one  of  three  classes.  The  first  class  consists  of  bodies 
which,  like  oxygen,  allow  other  substances  to  bum  in  them  freely, 
but  which  cannot  themselves,  in  ordinary  language,  be  set  on 
fire:  these  are  termed  supporters  of  combustion.  The  second 
class  consists  of  bodies  which,  like  charcoal,  actually  bum  when 
sufficiently  heated  in  a  gas  belonging  to  the  first  class :  these 
substances  are  termed  combustibles.  The  third  class  embraces 
such  bodies  as  will  neither  bum  themselves  nor  support  the  com- 
bustion of  others :  they  may  be  made  red  hot,  but  do  not  bum ; 
sand,  iron-rust,  and  earthy  bodies  in  general,  afford  examples  of 
this  kind ;  they  are  for  the  most  part  compounds  that  have  at 
some  time  or  other  been  produced  by  combustion ;  that  is,  they 
are  bodies  that  have  been  already  burned,  and  are  no  longer 
fitted  to  undergo  this  change. 

(337)  V(irieties  of  Oxides. — ^The  compounds  which  oxygen 
forms  with  other  elements  are  in  chemical  language  termed  oxides, 
and  a  body  which  has  combined  with  oxygen  is  said  to  have 
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become  oxidized.  The  mimber  and  variety  of  these  compounds 
are  very  greats  for  oxygen  is  the  most  widely  diffused  and  abun- 
dant of  the  elements.  It  constitutes  about  a  fifth  in  bulk  of  the 
atmosphere ;  it  forms  eight-ninths  of  all  the  water  on  the  globe, 
and  it  is  not  less  extensively  met  with  amongst  the  solid  consti- 
tuents of  the  earth :  chalk,  limestone,  and  marble — silica,  in  all 
its  varieties  of  sand,  flint,  quartz,  rock-crystal,  &c. — and  all  the 
various  kinds  of  clay,  each  contain  about  half  their  weight  of 
oxygen.  In  the  forms  of  animal  and  vegetable  life  it  is  also 
equally  generally  diffused ;  it  is  indeed  absolutely  essential  to  the 
maintenance  of  the  vital  functions  in  both ;  and  although  not 
the  only  body  which  is  fitted  to  support  combustion,  it  is,  from 
its  existence  in  the  atmosphere,  the  element  which,  in  the  vast 
majority  of  cases,  maintains  combustion  on  the  surface  of  our 
planet. 

Amongst  the  various  compounds  formed  by  oxygen,  it  is  re- 
markable that  there  exist  two  classes  which  are  in  chemical  pro- 
perties directly  opposed  to  each  other.  Many  substances,  like 
phosphorus,  by  their  -combination  with  oxygen,  yield  a  com- 
pound which  is  fireely  soluble  in  water,  has  a  sour,  burning  taste, 
and  turns  many  vegetable  blue  colours,  such  as  the  blue  of  an 
infusion  of  litmus  or  of  purple  cabbage,  to  a  bright  red,  and 
which,  in  short,  possesses  the  characters  of  an  acid.  All  the 
elements  which  are  not  metallic,  with  the  exception  of  hydrogen 
and  fluorine,  form  with  oxygen  one  or  more  compounds, 
which,  when  dissolved  in  water,  are  acids,  and  in  many  cases 
int^isely  powerful  acids.  Many  of  the  metals,  however,  by  their 
union  with  oxygen,  give  rise  to  bodies  of  an  opposite  kind, 
which  have  been  termed  bases.  Potassium,  for  example,  when 
burned  in  oxygen,  furnishes  a  white  alkaline  substance,  which  is 
dissolved  rapidly  by  water,  and  produces  a  colourless  liquid,  of  a 
soapy^  disagreeable  taste,  and  a  peculiar  lixivial  smell :  it  has  a 
canstie  action  on  the  skin,  restores  the  blue  colour  to  litmus 
which  has  been  reddened  by  an  acid,  and  it  completely  neutralizes 
the  strongest  acids.  Other  metals  form  oxides  which,  though 
not  soluble  in  water,  nevertheless  preserve  their  basic  character, 
and  neutralize  the  acids  perfectly.  Ferrous  oxide,  for  instance, 
is  soluble  in  sulphuric  acid,  and  forms  with  it  a  crystallizable  salt, 
whilst  water  is  set  free.  It  is  found  in  almost  all  cases  that  when 
an  element  combines  with  oxygen  to  form  an  acid,  it  unites  with 
a  larger  number  of  atoms  of  oxygen  than  when  a  base  is  the 
result  of  the  combination. 

Xntermediate  between  the  acid  and  the  basic  oxides  is  a  third 
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class  of  oxides^  wliicli  are  indisposed  to  enter  into  combination 
with  either  acids  or  bases.  The  black  oxide  of  manganese 
(MnOj^,  or  (MnO,Mn03),  the  magnetic  oxide  of  iron  (FeO^FCjOj), 
and  red  lead  (aPbO^PbOj);  may  be  mentioned  as  instances  of 
this  kind  :  snch  oxides  are  often  produced  by  the  union  of  two 
other  oxides  with  each  other.  These  indifferent  oxides  are  some- 
times termed  saline  oxides,  from  their  analogy  to  salts  in  compo- 
sition (547  ei  seq.). 

Independently  of  its  power  of  supporting  animal  life  and  com- 
bustion, oxygen  may  be  distinguished  by  direct  tests.  It  is 
insoluble  in  a  solution  of  potash,  but  if  to  the  alkaline  liquid  a 
little  pyrogallic  acid  be  added,  the  gas  is  rapidly  absorbed,  and 
the  solution  becomes  of  an  intense  brown  colour.  A  mixture  of 
nitric  oxide  with  any  gas  containing  uncombined  oxygen  imme- 
diately becomes  of  a  reddish-brown  colour,  owing  to  the  forma- 
tion of  red  fumes  of  peroxide  of  nitrogen  (365, 567) :  and  a  colour- 
less solution  of  cupreous  oxide  in  ammonia  instantly  becomes  blue 
by  absorbing  oxygen  when  exposed  to  any  mixture  containing  un- 
combined oxygen  (875). 

(338)  Ozone. — When  a  succession  of  electric  sparks  is  trans- 
mitted through  atmospheric  air  or  through  dry  oxygen,  a  peculiar 
odour  is  perceived,  which  has  by  some  been  compared  to  that  of 
weak  chlorine.  To  the  body  which  produces  it  Schonbein  gave  the 
name  of  ozone  (from  otto,  to  emit  an  odour)  in  allusion  to  its 
strong  and  peculiar  odour.  Opinions  upon  the  cause  of  this 
odour  were  long  divided;  but  the  concurrent  observations  of 
several  accurate  experimentalists  seem  to  indicate  that  it  is  owing 
to  a  modification  produced  in  oxygen  itself,  by  which  it  is  made 
to  assume  a  more  active  condition.  One  of  the  easiest  methods 
of  exhibiting  the  production  of  ozone  consists  in  transmitting  a 
current  of  oxygen  through  a  tube  into  which  a  pair  of  platinum 
wires  is  sealed,  with  the  points  at  a  little  distance  apart :  on  con- 
necting one  of  the  wires  with  the  prime  conductor  of  an  electrical 
machine  in  good  action,  whilst  the  other  wire  is  in  conducting 
communication  with  the  earth,  the  characteristic  odour  of  ozone 
is  immediately  developed  in  the  issuing  gas ;  but  notwithstanding 
the  powerful  odour  thus  produced,  a  minute  portion  only  of  the 
oxygen  undergoes  this  change.  Andrews  and  Tait  {Phil,  Tram. 
i860)  have  shown  that  in  order  to  produce  the  maximum  effect 
in  electrifying  oxygen,  it  is  necessary  to  transmit  the  discharge 
silently.  By  operating  in  sealed  tubes  upon  pure  and  dry  oxygen, 
they  succeeded,  when  great  care  was  taken  to  prevent  the  trans- 
mission of  sparks,  in  converting  a  large  portion  of  the  gas  into 


OZONB.  27 

oione.  Ozone  is  mucli  denser  than  oxygen  itself;  by  a  con-> 
tinuous  electrical  discharge  maintained  for  many  hours,  they 
effected  a  contraction  in  bulk  of  the  gas  amounting  to  one-twelfth 
of  the  entire  volume  operated  on ;  and  on  heating  the  gas  to  550^ 
(288^  C.)  the  ozone  disappeared,  whilst  the  oxygen  resumed  its 
original  yolume.  The  passage  of  the  electric  spark  likewise 
immediately  destroys  a  large  proportion  of  the  ozone  which  had 
been  previously  produced. 

Siemens  prepares  ozone  bj  induction :  he  forms  a  sort  of  Leyden  jar  by 
coating  the  interior  of  a  long  tube  with  tinfoil :  over  this  tube  he  passes  a  second 
wider  tube  also  coated  with  tinfoil,  but  on  its  outer  surface ;  he  then  transmits 
between  the  two  tubes  a  current  of  pure  dry  oxygen,  which  becomes  electrified 
by  induction,  on  connecting  the  inner  and  outer  coating  with  the  terminal  wires 
^  an  induction-coiL 

Ozone  may  also  be  obtained  without  the  aid  of  electricity. 
Houzeau  states  that  the  oxygen  evolved  from  baric  dioxide  (BaO,) 
by  the  addition  of  oil  of  vitriol,  contains  ozone  ;  it  has  a  powerM 
odour,  and  he  found  that  it  oxidizes  ammonia,  and  kindles  the 
less  inflammable  variety  of  phosphuretted  hydrogen  (454) ;  after 
it  has  been  heated  it  no  longer  possesses  these  properties.  Later 
researches  have,  however,  rendered  it  probable  that  these  proper- 
ties are  due  to  the  formation  of  peroxide  of  hydrogen  in  small 
quantity,  and  to  its  suspension  in  the  oxygen  as  it  escapes.* 

If  a  stick  of  clean  phosphorus,  moistened  with  a  few  drops  of  water,  be 
placed  in  a  bottle  of  atniospherio  air,  at  a  temperature  of  from  60°  to  70°  (15° 
to  2 1*'  C),  the  slow  oxidation  of  the  phosphorus  is  attended  with  the  production 
of  o«me :  in  an  hour  or  two  this  attains  its  maximum.  If  the  phosphorus  be 
not  then  removed,  the  ozone  by  degrees  disappears,  owing  to  its  combination 
with  the  phoephorus.     No  ozone  is  formed  if  the  air  be  perfectly  dry ;  and  dry 


^  The  reader  is  referred  for  Schonbein's  speculations  upon  the  existence  of 
two  opposite  forms  of  oxygen,  ozone  and  antozone,  to  the  JPhiL  Mag.  for  1858. 
They  are  ingenious,  but  although  the  existence  of  two  oppositely  polarized  forms 
had  prerioosly  been  rendered  probable  by  the  experiments  of  Brodie  and  .others, 
it  is  not  in  accordance  with  analogy,  that  ozone  should  be  the  isolated  form  of 
one  of  Uiese  bodies.  A  mixture  of  a  solution  of  potassic  permanganate  with  one 
of  peroxide  of  hydrogen  evolves  oxygen,  whilst  hydrated  peroxide  of  manganese 
is  predpitated ;  and  in  like  manner  a  solution  of  chromic  acid  acidulated  with 
solphnrio  acid  gives  off  oxygen  on  the  addition  of  peroxide  of  hydrogen,  whilst 
green  chromic  sulphate  is  produced.  Hence  it  has  been  supposed  that  the  oxygen 
in  the  permanganic  or  chromic  acid  is  in  an  opposite  polar  condition  to  the  second 
atom  (^  oxygen  in  the  peroxide  of  hydrogen ;  the  tendency  to  union  between 
these  two  smppoaed  oppositely  polar  forms  of  oxygen  is  conceived  to  be  the  cause 
of  the  deeompoeition,  and  the  result  of  their  union  is  the  gaseous  oxygen  which 
CMtpes.  (See  also  Brodie,  Phil  Trans.  18 jo  and  1862.)  Yon  Babo's  ex- 
penmcnti  tend  to  show  that  Schonbein's  so-called  antozone  is  peroxide  of  hydro* 
gen.     The  salgect,  however,  still  needs  further  investigation. 
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oxygen  is  not  ozonizeid  by  phosphorus.  It  is  also  probable  that  ozone  is  formed 
in  other  slow  oxidations,  such  as  that  of  ether,  and  of  oil  of  turpentine.  Schon- 
bein  appears  to  have  proved  that  in  all  such  cases  the  formation  of  ozone  is  ac- 
companied  by  that  of  peroxide  of  hydrogen  (H,0,),  a  fact  which  is  true  also  of 
electrolytic  ozone.*  Ozone,  as  obtained  by  any  of  these  processes,  is  present  in 
but  very  minute  quantity,  being  diluted  with  from  50  to  200  times  its  volume 
of  oxygen. 

When  diluted  salphiuic  acid^  or  a  solution  of  the  sulphates, 
chromates,  phosphates^  and  several  other  salts  of  the  alkali-metals, 
is  decomposed  electrolytically  between  plates  of  platinum  or  gold 
by  the  voltaic  battery,  the  oxygen  that  is  evolved  has  a  powerful 
odour  of  ozone.  The  experiments  of  Andrews  {PhiL  Trans,  1855 
and  i85o)  have  shown  the  identity  of  the  ozone  obtained  by  the 
electricity  of  the  machine^  with  that  produced  by  voltaic  action, 
as  well  as  with  that  obtained  by  the  oxidation  of  phosphorus ; 
and  these  conclusions  have  been  confirmed  by  Soret  and  by 
Von  Babo  {lAebig^s  Annal.,  SuppL-bd.,  ii.  266),  in  opposition  to 
Baumert,  who  maintained  {Pogg.  AnnaL  Ixxxix.  38)  that  elec- 
trolytic ozone  contains  a  peculiar  peroxide  of  hydrogen,  as 
Schonbein  himself  at  one  time  supposed. 

Properties, — Ozone  is  insoluble  in  water,  and  in  solutions 
either  of  acids  or  alkalies,  but  is  absorbed  by  a  solution  of 
potassic  iodide.  Air  charged  with  ozone  exerts  an  irritating 
action  upon  the  respiratory  organs.  Ozone  possesses  considerable 
bleaching  powers,  and  converts  blue  indigo  into  isatin :  it  acts 
rapidly  as  a  powerfiil  oxidizing  agent,  and  corrodes  organic 
matters,  such  as  the  cork  or  caoutchouc  used  in  connecting 
the  difierent  parts  of  the  apparatus  together :  iron,  copper, 
and  even  silver,  when  moistened,  absorb  it  rapidly,  and  become 
converted  on  their  surface  into  oxides :  silver  even  becomes  a 
peroxide,  though  this  metal  does  not  enter  into  direct  combina- 
tion with  ordinary  oxygen  either  when  moist  or  dry.  When  the 
ozone  and  the  metals  are  perfectly  dry,  little  or  no  absorption  of 
ozone  occurs.  Dry  mercury,  however,  as  well  as  dry  iodine 
immediately  removes  ozone.  It  is  remarkable  that  no  contrac- 
tion follows  the  absorption  of  ozone  by  these  or  by  any  other 
agents;    this    point   was    carefully    and  minutely   observed    by 


*  If  a  clean  glass  rod  heated  to  about  500^  (260°  C),  be  plunged  into  1  jar 
containing  a  few  drops  of  ether,  the  vapour  of  ether  undergoes  slow  oxidation, 
and  ozone  seems  to  be  formed :  the  vapours  turn  starch  paper,  moistened  with  a 
solution  of  potassic  iodide,  blue ;  the  residual  ether  contains  peroxide  of  hydro* 
gen,  and  if  agitated  with  a  few  drops  of  a  solution  of  potassic  chromate  acidu- 
lated with  a  little  sulphuric  acid,  a  blue  solution  of  perchromio  add  in  the  ether 
is  produced. 
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Andrews  and  Tait.  Hence  it  seems  to  be  probable  that  the 
ozone  is  resolved  into  a  quantity  of  ordinary  oxygen^  equal  in 
bulk  to  itself^  which  is  liberated  at  the  moment  that  another 
portion  of  oxygen  enters  into  combination  with  the  iodine ;  pos- 
sibly three  volumes  of  oxygen  become  condensed  into  two ;  one 
volume  becoming  fixed^  whilst  two  volumes  are  liberated  on  the 
decomposition  of  ozone  by  a  metal.  Some  experiments  by  Soret 
&voar  this  supposition ;  but  the  quantity  of  ozone  operated  on 
is  so  small  compared  with  the  bulk  of  air  with  which  it  is 
diluted^  that  the  measures  obtained  are  not  very  trustworthy. 
Ozone  displaces  iodine  from  its  combinations  with  the  metals, 
setting  the  iodine  at  liberty ;  indeed,  this  reaction  is  so  easily 
produced^  that  it  fiirmshes  the  readiest  and  most  delicate  method 
of  detecting  the  presence  of  traces  of  ozone  in  the  air ;  a  slip  of 
paper  moistened  with  starch  and  potassic  iodide^  and  inserted 
into  a  vessel  containing  the  smallest  admixture  of  ozone,  becomes 
blue  from  the  action  of  the  liberated  iodine^  which  immediately 
unites  with  the  starchy  and  forms  the  blue  iodide  of  starch  which 
is  so  characteristic  of  iodine.  Indeed,  pure  oxygen  contained 
in  a  tube  inverted  over  a  solution  of  potassic  iodide  is  en- 
tirely absorbed  by  the  liquid,  if  the  gas  be  subjected  to  the 
passage  of  a  discharge  of  electricity  through  it  for  a  sufScient 
length  of  time,  potassic  hydrate  being  formed  by  the  absorption 
of  oxygen,  while  iodine  is  set  free  :  (4KI  +  2H30  +  02=4KHO  + 
alg.)  If  the  experiment  be  prolonged,  potassic  iodate,  peroxide 
of  hydrogen  and  peroxide  of  potassium  are  formed.  Papar 
soaked  in  a  solution  of  manganous  sulphate  (MnSO^)  likewise 
shows  the  presence  of  ozone  by  becoming  brown,  owing  to  the 
manganese  in  the  sulphate  absorbing  oxygen,  and  becoming  con- 
verted into  the  insoluble  hydrated  peroxide,  whilst  sulphuric  acid 
is  set  free.  If  the  paper  be  stained  black  with  plumbic  sulphide 
(PbS),  this  stain  will  gradually  disappear ;  both  the  sulphur  and  the 
lead  will  absorb  the  ozone,  or  active  oxygen^  and  white  plumbic 
sulphate  (FbSOJ  will  be  formed.  One  of  the  most  singular  cir- 
cumstances connected  with  ozone  is  the  effect  of  heat  upon  it. 
A  temperature  not  much  higher  than  that  of  boiling  water  is 
sufficient  slowly  to  destroy  all  its  active  character,  and  the 
change  is  instantaneous  at  the  temperature  of  572°  (3CX5°C.).  By 
placing  the  flame  of  a  spirit-lamp  so  as  to  heat  a  part  of  the 
tube  through  which  the  electrified  oxygen  escapes,  all  signs  of 
ozone  disappear.  Ozonized  air  is  also  deozonized  by  transmission 
over  cold  manganic  dioxide,  argentic  dioxide,  or  plumbic  dioxide. 
If  a  piece  of  paper,  soaked  in  a  mixture  of  starch  and  potassic 
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iodide  be  exposed  in  the  open  air  for  five  or  ten  minutes,  it  often 
acquires  a  blue  tint,  the  intensity  of  which  varies  on  different 
d&jB ;  sometimes,  particularly  in  damp  or  foggy  weather,  no 
change  is  produced  by  such  exposure.  These  effects  are  seldom 
seen  in  towns,  but  generally  in  the  open  country,  or  on  the  sea 
coast,  especially  when  the  wind  blows  off  the  sea.  They  are 
plausibly  supposed  to  be  owing  to  the  presence  of  traces  of  ozone 
in  the  atmosphere ;  and  theorists  are  not  wanting  who  believe 
they  have  traced  the  prevalence  of  cholera  and  other  epidemics 
to  the  unusual  absence  of  ozone  in  the  air  during  lengthened 
periods.  Iodine  may,  however,  be  liberated  from  potassic  iodide 
by  nitrous  acid,  by  chlorine,  and  by  various  agents  besides  ozone, 
so  that  this  reaction,  although  a  very  sensitive  one  for  ozone,  is 
by  no  means  characteristic  of  its  presence ;  and  the  existence  of 
traces  of  ozone  in  the  atmosphere,  probable  though  it  is,  cannot 
be  said  to  have  been  unequivocally  proved ;  although  some  agent 
more  powerful  in  its  oxidizing  actions  than  ordinary  oxygen  is 
present  in  variable  amount.  Schonbein,  in  order  to  obtain 
some  idea  of  the  proportion  of  the  agent  which  produces  the 
effect,  prepares  the  test-paper  of  a  definite  strength,  by  dis- 
solving I  part  of  pure  potassic  iodide  free  from  iodate  in  200 
parts  of  distilled  water,  which  is  thickened  by  heating  it  with  10 
parts  of  white  stareh :  this  is  then  spread  upon  slips  of  unsized 
paper,  which  are  preserved  in  a  stoppered  bottle  kept  in  the  dark. 
Daubeny  (/.  Chem.  Soc.  1867,  19)  appears  to  hav^e  proved 
distinctly  that  most  plants,  when  growing  in  the  sunshine,  pro- 
duce a  minute  quantity  of  an  agent  which  liberates  iodine  from 
potassic  iodide:  and  he  seems  also  to  have  demonstrated  the 
absence  of  chlorine  and  of  nitrous  acid  in  these  experiments. 

§  II,  Nitrogen:*  N=i4. 

Atomic  Vol.  [[];  ReL  wt.  14;  Theoretic  8p.  6^.0*9674;  Observed 
Sp.  Gr.  0*9713;  usually  Triad,  as  in  H^N,  sometimes  Pentad. 

(339)  ^*  ^^  already  been  stated  (334)  that  the  larger  propor- 
tion of  the  atmosphere  consists  of  a  gaseous  body,  which  has 
been  named  nitrogen  (generator  of  nitre),  because  it  is  an 
essential  constituent  of  nitre  :  sometimes  the  name  of  azote  (from 
a  not,  Z(t>ri  life,)  is  given  to  it,  because,  though  not  poisonous, 
it  is  incapable  of  supporting  life.  This  element  was  discovered 
by  Rutherford  in  177a. 

*  If  nitrogen  in  the  gaeeous  state  be  regarded  as  (NN)  nitride  qf  nitrogen, 
its  molecular  Tolame  will  be  CUb  snd  its  molecular  weight  =  28. 
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Properties. — ^Nitrogen  is  a  colourless^  tasteless^  and  inodorous 
gas^  which  as  yet  has  resisted  every  effort  to  liquefy  it.  It  is 
somewhat  lighter  than  atmospheric  air;  from  Aegnault's  ex- 
periments^ I  litre  at  o°  C.  and  760"™*  pressure  weighs  I'2j6i67 
gramjue^or  icx>  cubic  inches  at  60^  F.^  Bar.^30  inches^  weigh  30*119 
grains.  Water  dissolves  not  more  than  a  thirtieth  of  its  bulk 
of  this  gas  at  ordinary  temperatures^  100  volumes  of  water  at  0°  C. 
absorbing  2*03  vols,  of  nitrogen,  and  1*48  vols,  at  15°  (Bunsen). 
No  two  substances  can  offer  a  more  striking  contrast  in  chemical 
properties  than  oxygen  and  nitrogen :  the  one  the  most  energetic 
of  the  elements^  the  other  the  most  indifferent.  It  extinguishes 
a  taper  without  taking  fire  itself:  an  animal  immersed  in  the  un- 
diluted gas  perishes  quickly  for  want  of  oxygen^  but  it  is  not 
directly  poisonous;  indeed^  it  enters  as  a  necessary  component 
into  the  animal  frame,  and  with  every  act  of  inspiration  it  finds 
admission  into  the  lungs.  One  very  important  purpose  that  it 
fulfils  in  the  atmosphere  is  the  dilution  of  the  oxygen,  which  is 
rendered  thereby  less  stimulating  to  the  living  system^  and  the 
rapidity  of  ordinary  combustion  is  likewise  thereby  moderated* 
Nitrogen  is  one  of  the  most  extensively  diffused  forms  of  matter^ 
as  must  be  evident  from  the  facts  just  stated ;  and  notwithstand- 
ing its  apparent  indisposition  to  enter  into  combination,  it  forms 
a  number  of  highly  interesting  and  important  compounds.  For 
example^  one  of  its  combinations  with  oxygen^  when  dissolved  in 
water^  forms  nitric  acid^  which  exists  as  a  natural  production 
when  united  with  potassium  and  sodium  in  the  nitrates  of  those 
metals :  it  is  the  characteristic  ingredient  in  ammonia ;  and 
though  it  occurs  in  but  small  quantity  in  plants,  it  is  never  en- 
tirely absent  from  them.  Nitrogen  also  constitutes  an  essential 
part  of  many  of  the  most  potent  and  valuable  medicines^  such  as 
quinia  and  morphia,  as  well  as  of  some  of  the  most  dangerous 
poisons,  as  prussic  acid  and  strychnia.  It  likewise  enters  largely 
into  the  composition  of  many  animal  tissues.  Organic  com- 
pounds which  contain  nitrogen  are  frequently  termed  azotized 
substances. 

Preparation, — ^The  most  convenient  methods  of  obtaining 
nitrogen  are  based  upon  the  removal  of  oxygen  firom  atmospheric 
air.  I. — ^The  simplest  plan  consists  in  placing  a  few  fragments  of 
phosphorus,  dried  by  means  of  blotting-paper,  on  a  porcelain 
dish  which  is  floated  upon  the  surface  of  the  water  of  the  pneu- 
matic trough;  the  phosphorus  is  ignited  by  touching  it  with  a 
hot  wire,  and  a  glass  receiver  filled  with  air  is  then  inverted  over 
it     TSie  phosphorus  bums  at  the  expense  of  the  oxygen  in  the 
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confined  air^  and  being  partially  converted  into  vapour  by  the 
beat  which  attends  the  combustion^  is  difiused  through  the  gaa^ 
and  thus  quickly  searches  out  and  combines  with  every  portion 
of  oxygen :  when  cold^  the  nitrogen  may  be  decanted  into  another 
jar  and  examined.  Even  at  ordinary  temperatures^  a  stick  of 
phosphorus  will^  if  introduced  into  a  jar  of  air  which  is  standing 
over  water,  slowly  absorb  the  oxygen,  and  in  two  or  three  days 
about  four-fifths  of  the  original  bulk  of  the  air^  consisting  of 
nitrogen  nearly  pure,  wiU  be  left. 

2. — ^The  removal  of  oxygen  from  the  air  may  also  be  efiected 
slowly  in  various  ways.  Moistened  iron  filings  may  be  used  for  this 
purpose,  the  metal  gradually  becoming  oxidized,  as  is  seen  by  the 
rusty  appearance  which  it  assumes.  Many  other  metals,  when 
moist,  as,  for  example,  moistened  lead  shavings,  produce  a  similar 
eflTect. 

3. — Moistened  sulphides  of  the  alkaline  metals  likewise  absorb 
oxygen  from  a  confined  portion  of  air  very  rapidly  and  completely. 

4. — When  larger  quantities  of  nitrogen  are  required,  metallic  copper  may  \>e 
employed  to  remove  the  oxygen.  The  method  to  be  adopted  in  this  case  is  ex- 
hibited in  &g,  38 1  : — c  represents  a  long  straight  tube  of  hard  glass,  which  will 


Fio.  281. 


resist  a  strong  heat  without  fusion :  it  is  filled  with  metallic  copper  in  a  finelj 
divided  state ;  for  this  purpose  the  metal  which  has  been  reduced  from  the 
powdered  oxide  by  means  of  hydrogen  gas  is  well  adapted.  The  tube  c  rests  09 
a  sheet-iron  furnace,  d,  in  which  it  can  be  surrounded  by  charcoal  and  raised  to 
a  red  heat ;  0  is  a  bent  tube  for  delivering  the  gas  into  a  jar  over  water  or  mer- 
cury ;  the  other  extremity  of  the  tube  c  is  connected  with  a  bent  tube,  h,  filled 
with  fragments  of  fused  caustic  potash ;  and  the  air  which  supplies  the  nitrogen 
is  driven  from  the  gas-holder,  ▲,  over  the  ignited  copper  in  a  stream  which  is 
easily  regulated  by  the  stopcock,  f.  The  air  first  traverses  the  tube  which 
contains  the  fused  potash,  where  it  leaves  all  traces  of  carbonic  anhydride  and 
moisture,  and  it  then  passes  over  the  ignited  copper,  by  which  every  portion  of 
oxygen  is  completely  removed. 

5  and  6. — Nitrogen  may  also  be  obtained  by  the  action  of 
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chlorine  on  a  solution  of  ammonia  (386)^  and  it  is  furnished  in  a 
state  of  purity  by  heating  a  solution  of  ammonic  nitrite  (369). 
De  Luna  obtains  it  by  heating  in  a  flask  equal  weights  of 
potasdc  dichromate  and  sal  ammoniac^  which  must  be  finely 
powdered^  and  intimately  mixed.      (Note,  par.  369.) 

§  III.  Composition  of  the  Atmosphere. 

(340)  If  a  mixture  be   made  of  4  measures  of  nitrogen  and 
I  measure  of  oxygen   gas^  a  candle  will  burn  in  it  as  in  atmo- 
spheric air ;  it  may  be  breathed  as  air^  and  possesses  the  ordinary 
properties  of  the  air.     The  atmosphere  is^  in  shorty  a  mechanical 
mixture  of  several  gases^  amongst  which  oxygen  and  nitrogen  con- 
stitute the  principal  portions :  these  gases^  notwithstanding  their 
difference  in  density,  are,  owing  to  the  principle  of  diffusion  (67), 
uniformly  mixed  with  each  other.     Chemical  operations  are  con- 
tinually occurring  upon  the  earth's  surface,  which  remove  oxygen 
and  add  a  variety  of  other  gases,  amongst  which   carbonic   anhy-  • 
dride   is  most  abundant.     Yet  so  wonderfully  adjusted   is   the 
balance  of  chemical  actions  over  the  face  of  the  earth,  that  no 
perceptible  change  in  the  composition   of  the  atmosphere  has 
been  observed  since   accurate  experiments  on  the   subject  have 
been  practised. 

Air  which  has  been  freed  from  carbonic  anhydride  and 
aqueous  vapour  consists,  according  to  the  numerous  careful 
analyses  of  Dumas  and  Boussingault  [Ann,  de  Chimie,  III.  iii.  257), 
on  an  average  of  20*81  of  oxygen  by  measure,  and  79*19  of 
nitrogen  in  icxj'oo  vols. ;  or  by  weight  of  23*01  of  oxygen,  and 
76*99  of  nitrogen.  These  experiments  were  performed  by  allow- 
ing the  air  to  stream  slowly  over  a  weighed  quantity  of  heated 
copper,  by  which  the  oxygen  was  absorbed  (fig.  281)  whilst  the 
nitrogen  was  received  into  an  exhausted  flask,  which  was  weighed 
before  the  experiment  was  commenced  and  after  its  termination  : 
the  quantity  of  oxygen  was  foimd  by  the  gain  in  weight  ex- 
perienced by  the  tube  containing  the  copper.  The  results  ob- 
tained by  Regnault,  Brunner,  Verver,  and  others,  by  different 
methods  of  analysis,  do  not  vary  more  than  ^^  from  the  quantity 
of  oxygen  just  mentioned.  Trifling  temporary  variations  no 
doubt  occur  from  local  causes;  but  the  air  brought  by  Gay- 
LujBsac  from  an  elevation  of  four  miles  above  the  surface  of  the 
earth,  that  collected  on  the  summit  of  the  Alps,  and  that  examined 
both  in  town  and  country  in  various  parts  of  the  globe,  presents 
no  sensible  difference  from  the  mean  above  given. 

A  portion  of  air  collected  by  Mr.  Welsb,  in  August,  1852,  at  an  elevation 
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of  5486  metres,  or  18,000  feet,  in  one  of  the  balloon  asoents  undertaken  by  him 
and  Mr.  Green  under  the  direction  of  the  Kew  Cknnmittee  of  the  British  Asso- 
ciation, contained  20*88  per  cent  of  oxygen  by  Tolame,  while  air  collected  at 
the  surface  at  the  same  time  contained  20*92.  The  air  was  collected  in  tabes  of 
about  6  cub.  in.,  or  100  cub.  centim.  in  capacity,  fitted  with  accurate  stopcocks. 
They  were  exhausted  previously  to  the  ascent,  and  were  filled  with  the  air  finr 
examination  by  opening  the  stopcocks,  which  were  again  closed  as  soon  as  the 
charge  had  entered.  In  the  extensive  series  of  experiments  of  Begnault  {Ann. 
de  Chimie,  III.  xxxvi.,  385),  air  was  collected  at  difierent  points  of  the  earth's 
surface  in  glass  tubes,  drawn  out  to  an  open  capillary  extremity  at  either  end, 
fig.  282.     When  a  specimen  of  air  was  to  be  collected,  one  of  these  tubes  was 

Fio.  282. 


attached  by  a  flexible  tube  to  a  small  pair  of  bellows,  and  by  working  the  bellows 
a  few  times,  the  tube  was  filled  with  air  of  the  locality.  The  capillary  tubes 
were  then  drawn  off  and  sealed,  as  at  a  and  b,  by  momentary  contact  with  the 
flame  of  a  spirit-lamp,  and  the  closed  ends  were  protected  fromii^jury  during  the 
journey  by  small  caps  of  glass  tube  fitted  with  corks.  The  analyses  of  the  air 
thus  obtained  were  executed  by  means  of  hydrogen,  in  a  eudiometer  of  Regnault's 
oontrivance.  The  same  appanitos  was  used  by  myself  in  the  analyses  of  the  air 
collected  by  Mr.  Welsh.  Frankland  found  20*96  of  oxygen  in  air  collected  by 
himself  from  the  summit  of  Mont  Blanc. 

The  following  are  results  of  some  of  the  most  trustwortliy  ex- 
periments upon  the  weight  of  air^  calculating  from  the  experiments 


of  Dumas  and  Boussingault 
of  Biot  and  Arago    .     . 

ofProut • 

of  Begnault 


Oraint  at  60**  F. 
30  in.  B»r. 

•086 


58)31-074  ^^ 
31-0117^ 

30*935 


11^3 

8.S 


Onraiiiietat 
o'*  C.  760  nun. 

1*299500 
1*299100 
1*296460 
1-293187 


The  second  result  is  probably  the  most  accurate^  for  it  exactly 
corresponds  with  the  density  deduced  from  that  of  a  mixture  of 
oxygen  and  nitrogen  in  the  proportions  in  which  they  occur  in 
the  atmosphere.  A  cubic  metre  of  air,  according  to  this  result, 
at  cP  C.  and  760"™*  pressure,  weighs  1-2991  kilogramme,  or  a  cubic 
foot  imder  a  pressure  of  30  inches  Bar.,  weighs  536*96  grains 
at  60°.  The  weight  of  a  given  volume  of  air  at  60°  P.,  under  a 
pressure  of  30  inches  Bar.,  is  therefore  only  -y-J-g-  of  that  of  an 
equal  bulk  of  water  at  the  same  temperature,  or  yfrj-  at  0°  C, 
and  760"™-  barometric  pressure.  Owing  to  the  greater  solu- 
bility of  oxygen  than  of  nitrogen,  rain  water  and  melted  snow 
always  contain  a  larger  proportion  of  oxygen  than  the  air  itself, 
amounting  to  about  34  per  cent,  of  the  air  dissolved,  or  nearly 
one  volume  of  oxygen  to  two  volumes  of  nitrogen.     This  is  a 
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dnnnutance  of  great  importance  to  aquatic  animalB,  and  one 
vjiich  oould  occur  ooly  in  conseqaence  of  the  air  being  a 
■edianical  mixture  and  not  a  chemical  compound  of  the  tvo 
IMS  (64). 

In  addition  to  oxygen  and  nitrogen,  the  atmosphere  contains 
I  certain  proportion  of  carbonic  anhydride,  a  variable  but  minute 
trace  of  ammoma,  traces  of  nitric  acid,  and  of  some  compound  of 
ctrbcm  and  hydrogen,  and  frequently  in  towns  a  perceptible 
imoont  either  of  sulphurous  anhydride  or  of  sulphuretted 
iydrogeQ.  Aqueous  vapour  is  of  course  also  present  at  all 
times,  although  its  amount  is  liable  to  extcuBive  fluctuations. 

(341)  Ettimatim  of  Aqwoui  Vapour. — The  amount  of  aqueous 
rapour  at  any  spot  may  be  ascertaiaed  by  means  of  the  hygro- 
meter (194),  or  it 

may  be  determined  ^'<*-  »83- 

by  a  direct  experi- 
meat  in  the  fol- 
bwing  manner.  A 
bent  tube,  a,  fig. 
383,  filled  -with  pu- 
mice-stone, moist- 
ened with  snlphuric 
acid,  is  connected 
vitb  a  veseel,  1,  of 
known  capacity ; 
suppose  it  be  ca- 
pable of  containing 
80  litres,  or  about 
18  gallons  of  water. 
His   vessel  having 

been  filled  with  water,  is  allowed  to  empty  itself  slowly  by  opening 
a  stopcock,  /,  which  tenoinateB  in  a  tube  bent  upwards  to  prevent 
tbe  entrance  of  air  at  the  bottom ;  a  known  volume  of  air  is 
thus  drawn  through  the  tube  a,  which  retains  all  the  moisture. 
If  the  weight  of  this  tube  be  determined  before  commencing  the 
experiment,  and  a  second  time  after  it  ia  completed,  the  increase 
in  weight  will  indicate  the  amount  of  moisture  in  the  bulk  of 
sir  operated  upon.  The  temperature  is  ascertained  by  means  of 
the  thermometer,  /,  and  tbe  atmospheric  pressure  is  obtained  by 
an  observation  of  the  barometer  at  the  time.  The  flow  of  water 
from  the  aspirator  is  rendered  uniform  during  the  whole  course 
of  the  experiment,  by  making  the  tube  which  conveys  the  air 
•ofBoently  long  to  rescit  nearly  to  tbe  bottom  of  the  vessel,  as 
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shown  by  the  dotted  line  which  passes  down  from  the  central 
opening  at  the  top. 

(342)  Estimation  of  Carbonic  Anhydride. — ^The  quantity  of 
carbonic  anhydride  in  the  air  may  be  determined  in  the  course 
of  the  same  experiment.  If  the  bulbs  at  6  be  filled  with  a  stron|; 
solution  of  caustic  potash  (sp.  gr.  1*25),  and  the  tube  c,  with  frag- 
ments of  fused  potash,  the  gain  in  weight  experienced  by  the 
tubes  b  and  c  will  indicate  the  quantity  of  carbonic  anhydride 
which  has  been  absorbed  in  the  operation ;  the  bent  tube^  d,  is 
filled  with  pumice-stone  moistened  with  sulphuric  acid  ;  it  is  not 
weighed^  but  is  merely  interposed  as  a  measure  of  precaution 
between  the  aspirator  £,  and  the  tube  c,  to  preyent  any  accidental 
trace  of  moisture  from  passing  backwards  into  c.  The  bulbs  seen 
at  b  are  to  be  filled  with  solution  of  caustic  potash  to  the  extent 

Fig  28  .        ®^^^  ^  *^®  enlarged  drawing,  fig.  284,    This 

form  of  apparatus  was  contrived  by  Liebig.  It 
is  in  continual  requisition  in  the  laboratory,  for 
the  purpose  of  absorbing  gases  which  are  trans- 
mitted through  it ;  by  placing  it  a  little  on  one 
side,  the  gas  is  made  to  bubble  up  successively 
through  each  of  the  three  lower  bulbs,  besides 
being  brought  thoroughly  into  contact  with  the 
liquid  in  the  narrow  portions  of  tubing  which 
connect  the  different  bulbs  together.  This 
simple  contrivance  has  added  greatly  to  precision 
in  experiments  of  this  kind. 

Petienkofer  estimatefl  the  quantity  of  carbonic  anhydride  in  air  by  agitating 
a  given  volume  of  the  air  for  trial  with  a  measured  amount  of  lime-water  or 
baryta  water  of  known  etrength.  The  lime  or  baryta-water  used  for  this  purpose 
is  graduated  by  the  alkalimetric  method,  by  means  of  a  standard  solution  of 
oxalic  acid.  The  carbonic  anhydride  neutralizes  and  precipitates  a  certain  quan- 
tity of  lime  or  baryta  in  the  form  of  carbonate,  and  the  quantity  of  lime  or 
baryta  which  remains  in  the  solution  after  the  experiment  is  again  determined  by 
the  solution  of  oxalic  acid.  The  difference  in  the  quantity  of  lime  or  baxyta 
before  and  after  its  action  upon  the  air  enables  the  operator  to  calculate  the  pro- 
portion of  carbonic  anhydride  with  great  accuracy. 

The  proportion  of  carbonic  anhydride  in  the  atmosphere 
varies  from  3  to  6  parts  in  10,000  of  air.  De  Saussure  found 
that  within  these  limits  its  amount  is  lessened  after  rain,  owing 
to  the  solvent  action  of  the  descending  shower,  which  carries  a 
portion  of  the  gas  with  it  to  the  earth.  It  increases  during  a 
frost,  and  diminishes  when  a  thaw  sets  in.  It  is  more  abundant 
in  summer  than  in  winter.  During  the  night  it  increases,  and 
diminishes  again  after  sunrise.     It  is  less  in  amount  over  large 
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hodies  of  water  than  over  large  tracts  of  land.     The  proportion 

of  carbonic  anhydride  is  less  liable  to  vary  on  elevated  mountains^ 

vhere  it  is  generally  more  abundant   than   in  the  plains.     It  is 

also  more  abundant  in  densely  populated  districts  than  in  the  open 

ooantry.      In    inhabited    dwellings^   and   in    rooms   for   public 

assemblies^  the  proportion  of  carbonic  anhydride  may^  however^ 

peatly  exceed  the  normal  amount. 

The  quantity  of  ammonia  and  nitric  acid  in  the  atmosphere 
is  materially  dimiRished  after  long-continued  and  heavy  rains. 
Occasionally,  £rom  local  and  accidental  circumstances,  other  gases 
and  vapours  are  also  met  with.  The  air  of  towns  contains 
in  addition  certain  organic  impurities  in  suspension.  Angus 
Smith  has  attempted  to  estimate  their  amount  by  measuring  the 
quantity  of  a  very  dilute  solution  of  potassic  permanganate  of 
known  strength  which  a  given  bulk  of  air  will  deprive  of  colour, — 
(Q.  /.  Chem,  Soc.  xi.  217,  and  Report  on  Air  in  Mines,  1864,  p.  53.) 
The  average  composition  of  the  atmosphere  in  the  climate  of 
England   may  be  approximatively  stated  as  follows,  in  100  parts 

by  volume : — 

Average  CampoeiHon  qfihe  Atmosphere, 

Oxygen             •••  •••  •••  •••  20*61 

Nitrogen           •••  ••«  •••  •••  77'9J 

Carbonic  anhydride  ...  •••  ..  '04 

Aqaeoon  vapoor  ...  ...  ...  1*40 

Nitric  acid        ...  ...  •••  •••  | 

Ammonia          ...  •••  •••  •**  r  traces 

Carbnretted  hydrogen  ...  ...  ...  j 

and  in  (  Sulphuretted  hydrogen  ...  ...  *  ...  )  tnceg 

townB  (  Salphoroos  anhydride  ...  ...  ...  j 

If  air  which  has  been  scrapuloosly  freed  from  carbonic  anhydride  be  passed 
orer  a  column  of  pure  ignited  cupric  oxide,  traces  of  carbonic  anhydride  are 
always  obtained,  owing  to  the  oxidation  of  some  combustible  compound  of  carbon. 
In  the  junctions  of  the  apparatus  employed  foe  this  experiment  the  use  of  cork 
and  caoatchouc  must  be  avoided  (Earsten),  or  otherwise  the  carbonic  anhydride 
might  be  derived  from  them. 


CHAPTER  III. 

WATER. HYDROGEN. 


§  L  Water  :  HjO=  18  ;  Atotnic  and  Mol.  Vol.  of  Vapour  [ 


ReL  wt.  g;   8p.  Gr.    as  Vapour  0*622,  as  Liquid  I'oco,  as 
Ice  0*918. 

(343)  On  the  nses  of  water  it  is  almost  needless  to  enlarge, 
for  they  are  universally  felt  and  appreciated.     In  each  of  its 


38  WATBB. 

three  physical  conditions^  the  blessings  which  it  confers  upon  man 
are  inestimable.  As  ice^  it  furnishes  in  northern  lands  for  months 
together^  a  solid  bridge  of  communication  between  distant  places : 
in  the  liquid  condition^  it  is  absolutely  necessary  to  the  existence 
of  yegetable  and  animal  life ;  in  this  shape^  too^  it  furnishes  to 
man  a  continual  source  of  power  in  the  flow  of  streams  and 
rivers ;  it  supplies  one  of  the  most  convenient  channels  of  com- 
munication between  places  widely  separated ;  and  further^  it  is 
the  storehouse  of  countless  myriads  of  creatures  fitted  for  use  as 
food :  in  the  state  of  vapour^  as  applied  in  the  steam-engine^  il 
has  Aimished  a  power  which  has  in  later  years  done  more  than 
any  other  physical  agent  to  advance  civilization,  to  economise 
time,  and  to  ameliorate  the  social  condition  of  man.  In  each 
and  all  of  these  points,  if  rightly  considered,  we  must  perceive  the 
entire  adaptation  of  this  wonderful  compound  to  the  ends  which 
it  was  designed  by  the  Creator  to  fulfil. 

Glancing  at  the  physical  condition  of  our  planet,  we  cannot 
fail  to  be  impressed  with  the  important  efiects  produced  by  the 
movements  of  water  at  periods  anterior  to  the  eiustence  of  man, 
as  well  as  in  more  recent  times.  To  such  causes  must  we  refer 
the  formation  of  sedimentary  rocks,  and  their  arrangement  in 
successive  strata  upon  the  surface  of  the  earth :  even  now,  obser- 
vation shows  that  denudation  is  proceeding  at  some  points,  eleva- 
tion and  filling-up  of  hollows  at  others;  whilst  the  accumulation 
of  drift  and  a  variety  of  other  extensive  geological  changes  must 
be  traced  to  the  same  ever-acting  and  widely  operating  agency. 

It  may  fiirther  be  observed  that  there  is  no  form  of  matter 
which  contributes  so  largely  as  water  to  the  beauty  and  variety 
of  the  globe  that  we  inhabit.  In  its  solid  state  we  are  familiar 
with  it  in  the  form  of  blocks  of  ice,  of  sleet  and  hail,  of  hoar- 
firost  fringing  every  shrub .  and  blade  of  grass,  or  of  snow  pro- 
tecting the  tender  plant,  as  with  a  fleecy  mantle,  from  the 
piercing  frosts  of  winter.  The  rare  but  splendid  spectacles  of 
mock  suns,  or  parhelia,  are  due  to  the  refractive  power  of  floating 
spiculae  of  ice  upon  the  sun^s  rays.  In  its  liquid  condition,  as 
rain  or  dew,  it  bathes  the  soil ;  and  the  personal  experience  of 
all  will  testify  to  the  charm  which  the  waterfall,  the  rivulet,  the 
stream,  or  the  lake,  adds  to  the  beauty  of  the  landscape ;  whilst 
few  can  behold  unmoved  the  unbounded  expanse  of  ocean,  which, 
whether  motionless,  or  heaving  with  the  gently  undulating  tide, 
or  when  lashed  into  foam  by  the  storm  that  sweeps  over  its  sur- 
face, seems  to  remind  man  of  his  own  insignificance,  and  of  the 
power  of  Him  who  alone  can  lift  up  or  quell  its  roaring  waves. 
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In  vapoar  how  much  variety  is  added  to  the  view  by  the  mist  or 
the  cloudy  which  by  their  ever-changing  shadows  diversify,  at 
ereiy  movement,  the  landscape  over  which  they  are  flitting ; 
vhilst  the  gorgeous  hues  of  the  clouds  around  the  setting  sun, 
And  the  glowing  tints  of  the  rainbow,  are  due  to  the  reiractive 
icdon  of  water  and  watery  vapour  upon  the  solar  rays. 

Properties. — ^At  the  ordinary  temperature  of  the  air,  water, 
when  firee  firom  admixture,  is  a  clear,  colourless,  transparent 
liquid,  destitute  of  taste  or  smell.  At  temperatures  below  32° 
(o^  C.)  it  freezes  and  assumes  a  variety  of  crystalline  forms  de- 
rived from  the  rhombohedron  and  six-sided  prism.  Water  evapo- 
rates at  all  temperatures,  and  under  the  ordinary  pressure  of  the 
atmosphere  it  boils  at  about  212°  (100°  C).  Its  anomalous  expan- 
sioii  by  heat  (143),  and  the  important  purposes  thereby  attained 
(151),  as  well  as  the  great  dilatation  which  it  undergoes  on  freez- 
ing (76),  have  been  already  pointed  out.  Arago  and  Fresnel 
have  shown,  that  notwithstanding  the  gradual  dilatation  of  water 
at  temperatures  below  39*°a  (4°  C),  its  refractive  power  on  light 
continues  to  increase  regularly,  as  though  it  contracted.  Its  density 
at  4^  is  taken  as  I'ooo,  and  it  forms  the  standard  with  which  the 
specific  gravities  of  all  solids  and  liquids  are  compared.  A  litre  of 
water,  or  cube  of  10  centimetres  in  the  side,  at  4^  C.  weighs  1000 
grammes,  or  i  kilogramme  ;  or  in  English  weights  and  measures, 
a  cubic  inch  of  water  at  62°  F.  weighs  in  air  252*456  grains, 
and  a  cubic  foot  very  nearly  1000  (more  exactly  997)  ounces 
avoiidupoii. 

To  the  chemist  water  is  invaluable  as  a  solvent.  It  is  the 
perfection  of  a  neutral  substance ;  and  it  enters  into  combination 
most  extensively  both  with  acids  and  with  bases.  Experience  has 
shown  that  when  an  anhydride,  or  so-called  anhydrous  acid,  has 
once  been  allowed  to  combine  with  water,  the  entire  separation 
of  the  water  from  the  compound  is  often  impracticable,  unless 
some  powerful  base  be  presented  to  the  acid ;  in  such  a  case  the 
base  appears  to  displace  the  water,  and  its  expulsion  by  heat  is  then 
easily  effected.  Suppose,  for  example,  that  sulphuric  acid  has 
been  freely  diluted  with  water ;  upon  the  application  of  heat  the 
water  at  first  passes  off  readily,  leaving  the  less  volatile  acid 
behind.  By  degrees,  however,  it  becomes  necessary  to  increase 
the  temperature  in  order  to  expel  the  water,  and  at  last  the  acid 
b^ins  to  evaporate  also,  and  finally  no  further  separation  can 
be  effected,  because  when  the  temperature  rises  to  about  640^ 
(338^  C.)  the  entire  liquid  distils  over.  It  is  found  on  analysing 
the  acid  when  it  has  reached  this  point,  that  the  composition  of 
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the  liquid  may  be  represented  by  the  formula  H,SO^.     But  if  to^ 
this  concentrated  acid^  a  base,  such  as  oxide   of  lead,  be  added, 
the  water  is  easily  expelled,  and  anhydrous  plumbic  sulphate  in 
obtained : — 

PbO  +  H,SO^= HgO  +  PbSO^. 

Upon  the  older  view  of  the  oonBtitation  of  salts,  which  regards  these  bodies 
as  formed  by  the  nnion  of  an  anhydride  with  a  base,  the  water  would  in  the 
foregoing  instances  sapply  the  place  of  a  base,  and  it  hence  has  been  termed  bane 
water,  e.y. : — (if  JI=  i,0=S,  8=16  and  Fb  =  103)  : 

HO,SO^,  oil  of  vitriol :    PbO,80^,  sulphate  of  lead. 

Still  adopting  the  older  view,  it  has  been  supposed  in  a  similar  manner  thai 
water  combines  with  the  powerful  bases,  such  as  potash  or  soda ;  it  then  cannot 
be  expelled  from  them  until  some  acid  has  been  added.  Potash  in  the  form  in 
which  it  is  obtained  by  evaporating  down  its  aqueous  solution  and  heating  the 
residue  to  dull  redness,  contains  the  elements  of  one  equivalent  of  the  alkali  and 
one  of  water  {KO,HO)  :  this  equivalent  of  water  cannot  be  expelled  except  by 
the  addition  of  an  acid,  such  as  sulphuric  acid  ;  then,  by  the  application  of  heat, 
anhydrous  potassic  sulphate  is  obtained  (KO,HO  +  H0,80^  =  2HO  +  XO,SO^.) 
In  such  a  case  the  water  in  combination  with  the  base  appears  to  perform  the 
part  of  an  add. 

This  older  explanation  is  inadmissible  if  water  be  represented 
as  consisting  of  HgO;  yet  in  the  latter  case  the  presence  of 
hydrogen  in  potassic  hydrate  may  be  equally  well  accounted  for, 
if  it  be  supposed  that  caustic  potash  is  a  compoimd  formed  upon 
the  same  plan  or  type  as  water,  but  that  it  contains  an  atom  of 
potassium  in  place  of  one  of  the  atoms  of  hydrogen  present  in 
the  molecule  of  water.  Further,  anhydrous  potash  (which  may 
be  formed  from  the  hydrate  of  the  alkali  by  heating  it  with 
potassium,  whilst  hydrogen  is  liberated)  is  viewed  as  containing 
two  atoms  of  potassium  in  place  of  the  two  atoms  of  hydrogen  in 
the  molecule  of  water.  These  relations  of  the  three  different 
compounds  may  be  thus  represented : — 

Water.  Fotatsio  hjdrate.      Anhjdrons  poUsh. 

HHO       ;       KHO      ;      KKO. 

The  reaction  of  sulphuric  acid  upon  potassic  hydrate  is  then  a 
true  case  of  double  decomposition,  as  may  be  thus  represented : — 

FotMiio  Irf drate.     Snlphnrio  aoid.  Water.  Potassic  snlphate. 

2KHO    +    HgSO^    =     2HHO  +   K3SO,; 

the  two  atoms  of  potassium  of  the  base,  and  the  two  of  hydrogen 
in  the  acid,  changing  places  with  each  other,  whilst  potassic 
sulphate  and  water  are  each  formed  simultaneously. 

The    compounds  of    water  are   frequently  termed  hydrates. 
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When  a  body  is  described  as  being  entirely  free  from  water,  in 
combination,  it  is  commonly  said  to  be  anhydrous  (from  a  not, 
vifap  water). 

Many  salts  in  crystallizing  nnite  witb  a  definite  quantity  of 
water,  which  is  essential  to  the  form  of  the  salt,  but  which  may, 
by  the  application  of  a  gentle  heat,  be  expelled  without  altering 
the  chemical  properties  of  the  saline  body.  In  this  case  the 
water  is  spoken  of  as  water  of  crystallization.  Many  salts  part 
with  such  water  by  mere  exposure  to  air.  Sodic  carbonate 
(NagC03,ioHjO)  for  example,  crumbles  down  or  effloresces  to  a 
white  powder ;  and  the  same  thing  occurs  in  the  case  of  sodic 
sulphate  (NagSO^ioHgO).  Other  salts,  on  the  contrary,  absorb 
moisture  fit)m  the  atmosphere,  and  become  damp  or  even  liquefy 
in  the  water  so  absorbed;  they  are  then  said  to  deliquesce. 
Potassic  carbonate  (K3CO3)  and  calcic  chloride  offer  instances 
of  this  kind.  The  form  of  the  salt  depends  upon  the  quantity  of 
this  water  of  crystallization.  For  instance,  borax  is  always  found 
to  crystallize  with  10  atoms  of  water  (NagB^Oy,!©!!^©),  in 
oblique  rectangular  prisms,  if  the  solution  of  the  salt  be  not 
sufficiently  concentrated  to  begin  to  crystallize  till  the  tem- 
perature falls  to  133°  (56°  C.) ;  but  from  a  more  concentrated  solu- 
tion borax  is  deposited  in  regular  octohedra  with  only  5  atoms 
of  water.  So,  again,  sodic  sulphate  crystallizes,  under  ordinary 
circumstances,  in  oblique  four-sided  prisms  with  10  atoms  of 
water;  but  if  a  solution  saturated  at  91°  {i^^-)>  be  very  slowly 
ndsed  to  the  boiling  point,  the  sulphate  is  deposited  in  rhombic 
octohedra  which  contain  no  water. 

(344)  Various  kinds  of  Natural  Waters. — Owing  to  its  ex- 
tensive solvent  powers,  water  is  never  met  with  naturally  in  a 
state  of  purity.  Rain  water,  collected  after  a  long  continuance 
of  wet  weather,  approaches  nearest  to  it,  but  even  that  always 
contains  atmospheric  air,  and  the  gases  floating  in  the  air, 
to  the  extent  of  about  2^  volumes  of  air  in  icx>  of  water. 
The  first  fidl  of  rain  after  an  interval  of  dry  weather  always 
contains  traces  of  nitrates  and  of  salts  of  ammonium,  and  often  of 
common  salt  and  some  organic  impurities. 

The  qaantity  of  air  which  is  contained  in  Bpring  or  other  water  can  he  readily 
aaoertained  in  the  following  manner.  A  glohular  flask,  a,  fig.  285,  capable  of 
eontainiog  40a  or  450  enh.  oentim.,  or  from  14  to  16  ounces,  snch  as  is  used 
he  taking  the  density  of  vapours,  is  filled  with  the  water  to  he  examined,  and 
eonnected  by  a  vulcanised  caoutchouc  tube,  &,  to  a  piece  of  barometer  tube,  upon 
which  la  blown  a  bulb,  e,  2  inches  (5  cm.)  or  more  in  diameter.  This  tube  is 
hsnt  in  the  manner  represented  in  the  figure ;  the  longer  limb  being  upwards  of 
30  inehet  (760""™*)  in  length,  and  terminating  below  in  a  recurved  extremity 
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to  deliver  the  gaa  6ia«Dgflged  from  the  water,  into  a  gndaated  jar,  d, 
with  Ml  eipatided  fonnal-ihaped  mootk,  which  ia  sapported  in  a  imill  mercorul 
bath.     The  bnib,  e,  hanng 


Fio.  285. 


been  aboat  half  filled  with 
the  water,  ia  oonnected  with 
the  flaak  b;  the  esoutchooc 
tube,  which  it  firmljaecored 
at  both  end*  bf  ligature*. 
A  imall  wooden  rioe,  nicli 
At  i*  teen  »t  /,  U  made  u*e 
of  to  compreu  the  Tatcaniied 
tube  uid  to  oat  off  aom< 
manication  between  the  flaak 
and  the  bnib,  e.  The  waUr 
in  c  ia  now  made  to  boil 
briakly  for  ten  minutsa  or  a 
quarter  of  an  hoar,  until  all 
the  air  is  eipelled  iiam  Uie 
tobe,  the  month  of  whioh  ia 
kept  jait  below  the  turface 
of  the  merouiy.  When,  alW 
the  boiling  has  been  con- 
tinued for  a  few  miuuta,  no 
more  air  euapea  from  the 
tube,  the  jar,  d,  ia  filled  with 
mercury  and  placed  over  the 
end  of  the  long  tube.  The 
vice  ia  removed,  and  heat 
applied  to  the  flaak ;  the 
water  apeedily  begina  to  give 
off  gas ;  and  th*  quantity  increase*  IJII  the  water  boiU.  ^e  ebullition  mnst  be 
oontinoed  steadily  for  a  fbll  hour,  and  the  operation  terminated  by  a  few  minotes' 
briak  boiling,  by  whioh  the  delivery  tube  will  be  filled  with  ateam,  and  all  the 
air  will  be  driven  over  into  the  jar.  One  otgect  of  the  globe,  e,  is  to  ptevent  the 
water  from  boiling  over  into  the  jar,  d :  a  little  steam  alwaja  oondeoses  in  the 
jar  above  the  mercury,  but  this  ia  a  matter  of  imall  consequence.  When  the  - 
operation  hae  terminated,  the  gai  in  allowed  to  cool,  and  is  tians&ned  to  a  tall 
jar  of  water,  or  of  mercucj,  where  iti  bulk  oan  be  meaanred. 

It  will  be  found  that  all  water,  including  even  that  whioh  has  been  recently 
distilled,  contains  tit.  For  example,  three  lamplea  of  water  twice  distilled  in 
glaaa  resHels,  were  sahinitt«d  t»  experiment :  1 00  cub.  centim.  of  the  first  speci- 
men contained  I'Sj  c  c  of  air  ;  in  the  same  bolk  of  the  second  2*15,  and  the 
third  apecitaen  3'58  c  o.  of  ur  were  present ;  the  oxygen  and  nitrogen  being 
in  each  case  almost  exactly  in  the  proportion  of  1  meaaore  of  oxygen  to  3 
measuren  of  nitr<^n. 

Spring  Water,  althougli  it  may  be  perfectly  transparent,  always 
contains  more  or  less  of  saline  matter  dissolved  in  it ;  the  nature 
of  these  salts  will  of  course  vary  with  the  character  of  the  soil 
tbroogh  which  the  water  percolates.  The  most  usual  saliae  im- 
purities are  calcic  carbonate  and  sulphate,  common  salt,  and 
magnesic  sulphate  and  carbonate.  The  waters  of  the  New  Red 
Sandstone  are  impregnated  to  a  greater  or  less  extent  with  calcic 
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rolpliate;  and  the  shallow  wells  in  the  gravel  of  the  London 

district  contain  a   considerable  quantity  of  the   same   salt^    to 

vliich  they  owe  their  hardness.     Nitrates  are  often  abundant  in 

these  and  other  well-waters  of  towns,  owing  to  contamination 

with   sewerage  products,  which  have  in  many  cases  undergone 

partial  oxidation.    The  nature  and  amount  of  the  salts  found  in  the 

waters  of  shallow  wells  vary  considerably  at  different  times,  but  the 

deep  springs  are  very  uniform  when  examined  even  at  considerable 

intervals.  Most  spring  waters  are  charged  with  a  notable  proportion 

of  carbonic  acid,  which  dissolves  a  considerable  amount  of  calcic 

carbonate ;  the  calcareous  springs  in  the   chalk  districts  around 

London  contain  from  250  to  285  mgrms.  per  litre,  or  from  18  to  20 

grains   of  chalk  per  gallon,  nearly  one-third  of  which  becomes 

separated  by  exposure  of  the  water  to  the  atmosphere,  so  that  a 

running  stream  will  seldom  contain  more  than  12  or  14  grains 

of  chalk  per  gallon  in  solution  (180  or  200  mgrms.  per  litre). 

Waters  which  have  filtered  through  a  bed  of  chalk   also  often 

contain  sodic  carbonate  in  considerable  quantity,  as  is  the  case 

with  the  deep- well  waters  of  London. 

Mineral  Waiers  are  waters  impregnated  with  a  lai^e 
proportion  of  any  one  of  the  above-named  salts,  or  with  some 
substance  not  so  commonly  met  with :  such  waters  are  usually 
reputed  to  possess  medicinal  qualities,  which  vary  with  the  nature 
of  the  salt  in  solution.  Many  of  these  springs  are  of  a  tem- 
perature considerably  higher  than  that  of  the  surface  of  the 
earth  where  they  make  their  appearance.  At  Carlsbad  and  Aix- 
la^Chapelle  this  temperature  varies  from  160°  to  190°  (71°  to 
88^  C).  Such  hot  springs  either  occur  in  the  vicinity  of  volcanoes, 
in  which  case  they  generally  abound  in  carbonic  acid,  as  well  as 
in  common  salt  and  other  salts  of  sodium :  or  they  spring  from 
great  depths  in  the  rocks  of  the  earliest  .geological  periods,  and 
contain  chlorides  of  calcium  and  magnesium,  and  almost  always 
traces  of  sulphuretted  hydrogen.  (Berzelius.)  The  Geysers  of 
Iceland  are  heated  even  beyond  the  temperature  of  100°  C.  in 
the  tube,  and  at  intervals  the  boiling  water  is  ejected  with  ex- 
plosive violence.  (See  Tyndall,  HecU  as  a  Mode  of  Motion,  ist 
ed.  119.) 

Many  mineral  waters  contain  salts  of  iron  in  solution,  which 
impart  to  them  an  inky  taste ;  they  are  then  frequently  termed 
chalybeate  waters;  the  Tunbridge  Wells  springs,  and  some  of 
those  at  Cheltenham  are  of  this  kind.  Li  other  instances  carbonic 
acid  is  very  abundant,  giving  the  brisk  fervescent  character 
noticed  in  Seltzer  water,  which  also  contains  a  notable  proper- 
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tion  of  sodio-liydric  carbonate  (NaHCOj,  the  so-called  bicar- 
bonate of  soda)^  and  the  Yicby  waters  abound  still  more  in  this 
salt.  Less  firequently^  as  in  some  of  the  Harrogate  and  Moffat 
waters,  sulphuretted  hydrogen  is  the  predominating  ingredient, 
giving  the  nauseous  taste  and  smell  to  such  sulphureous  waters. 
In  other  instances,  the  springs  are  merely  saline,  and  contain 
purgative  salts,  like  the  springs  at  Epsom,  which  abound  in 
magnesic  sulphate,  and  at  Cheltenham,  where  common  salt  and 
sodic  sulphate  are  the  predominant  constituents.  Many  of  these 
saline  springs  also  contain  small  quantities  of  iodides  and  bromides, 
which  add  greatly  to  their  therapeutic  activity.  The  (Jeysers  are 
rich  in  silica,  which  in  some  cases  forms  nearly  one-half  of  their 
soluble  constituents. 

River  Water  is  less  fitted  for  drinking  than  ordinary  spring 
water,  although  it  often  contains  a  smaller  amount  of  salts ;  for 
it  usually  holds  in  solution  a  much  larger  proportion  of  organic 
matter  of  vegetable  origin,  derived  from  the  extensive  surfece  of 
country  which  has  been  drained  by  the  stream.  If  the  sewerage 
of  large  towns  situated  on  the  banks  be  allowed  to  pass  into  the 
stream,  it  is  of  course  still  less  fit  for  domestic  use.  Running 
water  is,  however,  endowed  with  a  self-purifying  power  of  the 
highest  importance ;  the  continual  exposure  of  fresh  surfaces  to 
the  action  of  the  atmosphere  promotes  the  oxidation  of  the  organic 
matter,  and  if  the  stream  be  unpolluted  by  the  influx  of  the 
sewerage  of  a  large  town,  this  process  is  generally  fully  adequate 
to  preserve  it  in  a  wholesome  state.  River  water  almost  always 
requires  filtration  through  sand  before  it  is  fit  for  domestic  use  ; 
and  if  water-works  designed  to  supply  such  water  be  properly 
constructed,  provision  is  made  for  this  filtration.  Suspended 
matters,  such  as  weeds,  fish-spawn,  leaves,  and  finely  divided  silt 
or  mud,  are  thus  removed ;  but  vegetable  colouring  matter  in 
solution,  salts,  and  other  bodies,  when  once  they  are  dissolved, 
cannot  be  arrested  by  such  a  filter. 

In  the  gradual  percolation  of  water  through  the  porous  strata 
of  the  earth,  many  even  of  these  soluble  impurities  are  removed, 
particularly  those  of  organic  origin,  partly  by  adhesion  to  the  sur- 
face of  the  filtering  material,  but  chiefly  by  a  slow  oxidation  in 
the  pores  of  the  soil. 

The  magnetic  oxide  of  iron,  indeed,  seems  to  exert  a  peculiar 
influence  in  promoting  the  oxidation  of  organic  matter  contained 
in  water  which  is  allowed  to  percolate  through  it,  and  it  appears 
to  be  probable  that  this  action,  to  which  Mr.  Spencer  has  parti- 
cularly called  attention,  may  frimish  a  valuable   auxiliary  to  the 
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metbods  of  filtration  at  present  in  use.  Filtration  througb  beds 
of  iron  turnings  has  likewise  been  practised  in  some  cases  with 
advantages  of  a  similar  description,  but  the  oxygen  is  in  this  case 
in  great  measure  absorbed  from  the  water  by  the  iron.  Animal 
charcoal  also  exerts  as  remarkable  efiect  in  promoting  the  oxida- 
tion of  organic  matters  in  solution^  and  it  constitutes  an  excellent 
filtering  material. 

The  presence  of  organic  matter  in  water  is  easily  ascertained 
by  the  reducing  influence  which  it  exerts  upon  chloride  of  silver 
or  of  gold,  when  boiled  with  them.  The  argentic  chloride  be- 
comes purplish ;  and  auric  chloride  imparts  a  brown  tint  to  the 
water  under  such  circumstances,  owing  to  the  precipitation  of 
metallic  gold.  Even  at  ordinary  temperatures  a  very  dilute 
acidiilated  solution  of  potassic  permanganate  is  rendered  nearly 
colourless,  by  reduction  to  a  lower  state  of  oxidation. 

.Water  is  familiarly  spoken  of  as  hard  or  soft,  according  to  its 
action  on  soap.  Those  waters  which  contain  compoimds  of  cal- 
cium or  magnesium  occasion  a  curdling  of  the  soap,  as  these 
bodies  produce  with  the  fatty  acid  contained  in  the  soap  a  sub- 
stance not  soluble  in  water.  Soft  waters  do  not  contain  these 
salts,  and  dissolve  the  soap  without  difficulty.  Many  hard 
waters  become  softer  by  boiling ;  in  such  cases  the  carbonic  acid 
is  expelled,  and  the  calcic  carbonate  and  part  of  the  calcic  sul- 
phate which  were  held  in  solution  are  deposited,  and  cause  a  '  fiir' 
or  incrustation  upon  the  inside  of  the  boiler.  Such  waters  admit 
of  being  softened  considerably  by  the  addition  of  a  certain  pro- 
portion of  lime  water  (655).  When  the  hardness  is  owing  to 
calcic  or  magnesic  sulphates,  the  addition  of  sodic  carbonate  pre- 
cipitates the  carbonates  of  these  metals  and  softens  the  water,  as 
is  practically  known  to  laundresses. 

Sea  Water  is  largely  impregnated  with  common  salt,  and  with 
magnesic  chloride,  to  which  it  owes  its  saline  bitter  taste.  It 
might  be  supposed  that  the  quantity  of  salts  which  it  contains  is 
continually  on  the  increase,  as  the  sea  is  the  receptacle  for  all  the 
fixed  contents  of  the  river  water  which  is  discharged  into  the 
ocean,  since  pure  water  alone  evaporates  from  its  surface ;  but 
here  also  there  is  a  return  to  the  surface  of  the  soil  provided  for 
in  the  marine  plants,  the  fish,  and  their  representative  guano, 
which  are  perpetually  being  raised  from  its  depths  by  the  force  of 
storms,  by  predatory  birds,  and  by  the  industry  of  man.  The 
specific  gravity  of  sea  water  is  subject  to  trifling  variations,  ac- 
cording to  the  part  of  the  globe  from  which  it  is  taken.  The 
waters  of  the  Baltic  and  of  the  Black  Sea  are  less  salt  than  the 
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average,  while  those  of  the  Mediterranean  are  more  so.  The  waters 
of  the  Mediterranean  in  the  Levant  are  more  salt  than  those  of  the 
same  sea  near  the  Straits  of  Gribraltar.  The  mean  specific  gravity  of 
sea  water  is  vo2J,  and  the  quantity  of  salts  ranges  from  3*5  to  4 
per  cent.  According  to  Schweitzer  {Phil.  Mag.  1839,  xv.  58),  the 
water  of  the  British  Channel  is  composed  as  follows : — ^that  of 
the  Mediterranean,  analysed  by  Usiglio  [Ann.  de  Chimie,  HI. 
xxvii.  104),  will  be  seen  to  agree  very  closely  with  it  in  com- 
position : — 

Wfttor  •••         •••         ••• 

8odio  chloride 

Potafwio  chloride 

Magnesio  chloride     ... 

Hagne&ic  bromide    ... 

Magnesio  sulphate    ... 

Calcic  sulphate 

Calcic  carbonate 

Iodine  •••  ••.  ••• 

Ammonia     ...  ...  ••• 

Ferric  oxide 


British  CliaoiiaL 

MeditflvrMMm. 

9^3'7437^ 

••• 

962-345 

2805948 

••• 

29424 

076552 

••• 

0-505 

3-66658 

••• 

3-219 

0*02929 

••• 

0-556 

2-29578  " 

•  •. 

a-477 

140662 

••• 

1-357 

0-03301 

•.• 

0-114 

traces 

traces 

•  •  • 

•003 

lOOO'OOOOO 

1000000 

Specific  gravity        1027*4  at  16^  C.       1025*8  at  21^  C. 

An  elaborate  paper  on  the  composition  of  sea  water  in  various 
parts  of  the  world,  by  G-.  Forchhammer,  will  be  found  in  the 
Phil.  Trans,  for  1865.  Minute  quantities  of  manganese,  barium, 
strontium,  and  aluminum,  as  well  as  of  silica,  boracic  acid,  and 
phosphates,  have  been  found  in  the  waters  of  the  ocean,  but 
nitrates  have  as  yet  eluded  the  most  careful  observation. 

(344a)  For  chemical  purposes  water  is  always  purified 
by  distillation,  which  may  be  efiected  on  a  small  scale  in  glass 
retorts,  but  it  is  generally  carried  on  in  a  copper  still  provided 
with  a  pewter  or  copper  worm.  Iron  pipes  may  also  be  safely 
used  for  the  purpose  of  condensation  ;  but  lead  must  be  avoided. 
The  still  should  not  be  employed  for  any  other  purpose.  The 
addition  of  lime  to  the  water  before  submitting  it  to  distillation 
is  useAil,  as  it  retains  the  excess  of  carbonic  acid,  and  also  traces 
of  hydrochloric  acid,  which  if  magnesic  chloride  be  present  are 
apt  to  come  over,  owing  to  the  decomposition  of  this  salt.  The 
first  portions  of  water  should  be  rejected,  because  they  usually 
contain  traces  of  ammonia:  when  a  few  drops  of  distilled  water 
are  evaporated  upon  a  slip  of  glass,  no  stain  or  mark  should  be 
left,  otherwise  some  saline  impurity  is  present. 
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Distilled  irater  is  now  largely  prepared  on  long  sea  royages, 
the  ships  of  H.M.  Navy  being  fitted  with  suitahle  distillatory 
apparatus.  Organic  matter  is  present  hoth  in  ordinary  water 
and  in  sea  water ;  a  part  of  this  ondei^oes  decomposition  during 
distillation,  and  gives  a  mawkish  odour  to  the  distillate.  This, 
however,  is  entirely  got  rid  of  hy  filtratiou  through  charcoal, 
after  due  aeration,  and  the  filtered  water  is  then  agreeable  and 
wholesome  as  a  beverage. 

Water  was  long  supposed  to  be  an  elementary  substance. 
This,  however,  is  not  the  case :  it  is  a  compound  of  oxygen  with 
hydrogen,  in  the  proportion  of  two  atoms  of  hydrogen  to  one 
atom  of  oxygen ;  its  symbol  is  therefore  H^O,  and  its  combining 
munber  i8.  When  converted  into  vapour,  18  grammes  of  steam 
occupy  twice  the  hulk  of  i  gramme  of  hydrogen  at  the  same 
temperature  ;  the  atomic  and  molecular  volume  of  aqueous  vapour 
is  therefore  |  |  (,  if  the  atomic  volume  of  hydrogen  be  taken 
as  [^.     Its  composition  is  shown  in  the  following  table  : — 


Hydrogen        H,  = 
Oijgen  0=1 

W«tor  Bfi  =    I 


8p,  gr.  np. 

=     0-5518 


§  II.   Hydbogen:  H  =  i. 

Sp.  Gr.  0-0693 ;   Atomic  Vol.  [^ ;  Rel.  wt.  1  ;  Monad. 

{345)  Preparation. — The  composition  of  water  may  be  deter- 
mined both  by  analysis  or  separation  of  its 
constituents,   and  by  synthesis  or  their  re- 
union  after  such  separation.  f   ^ 

I. — An  elegant  mode  of  abowing  the 
composition  of  water  analytically  is  afforded 
by  the  voltaic  battery.  A  ^an  vessel, 
fig.  386,  containing  two  platinum  plates,  a 
and  b,  is  filled  with  water,  slightly  acidulated 
with  sulphuric  acid  to  improve  its  conducting 
power,  and  is  arranged  so  as  to  transmit  the 
current  of  a  battery  consisting  of  three  or 
four  pairs  of  Grove's  cells  (266).  Immedi- 
ately that  the  two  platinum  plates  are  con- 
nected with  the  wires  of  the  battery,  gas  rises 
bvm  each;    and   if  two  similar  jars  be  filled  with  water  and 


•  Free  hydrogen  ii  now  regarded  u  (HH),  or  ij/dride  tf  hsdrogen,  with  a 
Inme  i    ',    |.  and  molteular  weight  =  3. 
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inverted  one  over  each  plate,  the  volume  of  the  gsa  which  lisea 
from  the  platinode,  or  negative  plate,  b,  irill  be  found  to  be 
exactly  double  of  that  which  rises  &om  the  siucode,  or  positive 
platfi,  o:  the  gas  in  the  tube  o  will  show  itself  to  be  oxygen 
by  rekindling  a  glowing  match,  whilst  that  in  H  extinguishes 
flame,  but  takes  fire  itself  when  a  light  approaches  it.  To  the 
latter  gas  the  name  of  hydrogen  (from  vhap  water,  ytwati  to 
generate)  has  been  given.  Oxygen  and  hydrogen  are  the  sole 
ingredients  of  water,  and  by  their  union  in  the  proportion  of  two 
measures  of  hydrogen  to  one  measure  of  oxygen  this  liquid  is 
reproduced. 

2. — The  presence  of  hydrogen  and  oxygen  in  water  may  be 
shown  in  other  ways,  and  hydrogen  may  be  obtained  from  it  by 
chemical  means.  If  a  piece  of  sodium  of  the  size  of  a  pea  be 
wrapped  up  in  blotting  paper,  and  be  rapidly  introduced  beneath 
the  mouth  of  a  strong  wide  tube,  lo  or  12  inches  (25  or 
30  cm.)  long,  filled  with  water  and  inverted  in  the  pneumatic 
trough,  bubbles  of  gas  will  be  quickly  disengaged,  and  will 
collect  in  the  upper  part  of  the  tube.  On  inverting  the  tube 
and  applying  a  light,  the  gas  will  take  fire  and  burn  with  dame ; 
the  liquid  in  the  tube  will  be  found  to  be  alkaline,  and  will 
change  the  yellow  colour  of  turmeric  to  brown :  sodic  hydrate 
having  been  formed  by  the  displacement  of  half  of  the  hy- 
drogen in  the  molecule  of  water  by  the  equivalent  of  sodium ; 
aHjO  +  Naj=2NaHO  +  Hj. 

3. — Hydrogen  may  be  also  obtained  by  the  action  of  water 
Fio.  287. 


upon  iron  at  a  high  temperature.     In  order  to  eflect  this,  let  a 
piece  of  iron  piping,  shown  at   a  i^,  fig,  287,  be  filled  with  iron 
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turnings,  and  heated  to  redness  in  a  portable  furnace,  b  ;  and  let 
a  current  of  steam  be  driven  throngb  the  tube  from  a  small 
boiler,  c,  attached  to  one  extremity  of  the  pipe ;  the  aqueous 
Tipoiir  in  its  passage  will  be  decomposed,  the  oxygen  will  enter 
into  combination  with  the  heated  iron,  magnetic  oxide  of  iron 
being  formed,  whilst  the  liberated  hydrogen  will  pass  on,  and 
may  be  collected  over  water  in  a  jar,  d,  placed  over  the  mouth  of 
a  bent  tube  attached  to  the  other  extremity  of  the  iron  pipe. 
He  decomposition  may  be  represented  in  symbols  as  follows : — 

3Fe + 4H,0 = FeO,Fe,03 + 4H,. 

4. — Deville  and  Debray  prepare  hydrogen  on .  a  large  scale 
nearly  pure,  by  transmitting  steam  over  charcoal,  or  coke,  heated 
to  dull  redness.  Carbonic  anhydride  and  hydrogen  are  the  sole 
products  if  the  temperature  be  kept  suflSciently  low : — 

2H^O  +  C=2H3  +  CO,, 

The  gas  is  puriBed  by  causing  it  to  traverse  an  apparatus  filled 
with  slaked  lime,  and  similar  to  that  known  as  the  dry  lime  puri- 
fier for  coal  gas.  If  the  temperature  be  allowed  to  rise  too  high, 
part  of  the  carbonic  anhydride  is  converted  into  carbonic  oxide 
(557),  and  this  gas  cannot  then  be  removed  from  the  mixture. 

5. — Hydrogen  may  also  be  obtained  by  heating  zinc  with  a  solu- 
tion of  potassic  hydrate,  the  metal  displacing  the  hydrogen  con- 
tained in  the  hydrate,  whilst  the  compound  of  zinc  as  it  is  formed^ 
is  dissolved  by  the  alkaline  liquid — 

2KH0-I-Zn  becoming  K^ZnOg  +  Hg; 

but  this  method  is  interesting  from  its  theoretical  bearings  rather 
than  fix>m  any  practical  utility. 

6. — But  the  most  convenient  way  of  procuring  hydrogen  is  by 
the  action  of  diluted  sulphuric  acid  on  zinc.  The  zinc  may  be 
melted  in  an  iron  ladle,  and  poured  from  the  height  of  a  metre  into 
a  pail  of  cold  water,  by  which  means  it  is  granulated,  or  reduced 
into  grains  or  flakes :  about  half  an  ounce  (15  grms.)  of  the  granu- 
lated zinc  is  introduced  into  a  retort,  and  about  7  ounces  (200  c.  c.) 
of  a  diluted  acid,  prepared  by  mixing  one  part  of  oil  of  vitriol 
cautiously  with  6  parts  of  cold  water,  stirring  all  the  while,  is  poured 
upon  the  zinc.  Hydrogen  gas  is  soon  evolved  in  great  abundance : 
the  first  portions  of  gas  which  are  contaminated  with  the  air 
contained  in  the  retort,  must  be  allowed  to  escape ;  afterwards 
the  gas  may  be  collected  in  the  usual  way.  In  this  process  the 
zinc  may  be  regarded  as  displacing  the  hydrogen  of  the  acid,  and 
forming  the   salt  called    sulphate   of  zinc,   or  zincic   sulphate, 

II.  B 
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which  becomes  dissolved^  while  the  hydrogen  passes  off  in  the 
gaseous  form.  The  change  may  be  illustrated  by  the  following 
equation: — 

H,SO^ + Zn = ZnSO^ + H,. 

An  ounce  of  zinc  is  sufiScient  to  liberate  from  water  about  2} 
gallons  of  the  gas^  or  30grms.  will  furnish  about  10  litres. 
Scraps  of  iron  may  be  substituted  for  zinc ;  but  in  this  case  the 
gas  is  less  pure :  it  has  a  disagreeable  odour^  due  to  the  presence 
of  a  peculiar  compound  of  hydrogen  and  carbon^  but  this 
may  be  removed  by  allowing  the  gas  to  stream  through  a  tube 
filled  with  fragments  of  wood-charcoal  (Stenhouse).  The  gas 
furnished  by  the  action  of  diluted  sulphuric  acid  on  zinc  also 
possesses  a  peculiar  odour^  and  is  frequently  contaminated  with 
small  quantities  of  compoimds  of  hydrogen  with  sulphur^  arsenicum, 
and  carbon.  It  may  be  freed  from  these  impurities  by  causing 
it  to  pass  first  through  a  strong  solution  of  potash^  and  then 
through  a  solution  of  corrosive  sublimate^  or  of  nitrate  of 
silver. 

Properties, — Hydrogen  is  an  elementary  substance^  which  was 
discovered  by  Cavendish  in  1766,  and  was  called  by  him  ivflam-' 
mable  air.  When  obtained  with  the  precautions  just  mentioned, 
it  is  a  colourless,  transparent^  tasteless^  and  inodorous  gas.  Its  re- 
fractive power  upon  light  is  higher  than  that  of  any  other  gas, 
being  more  than  six  times  as  great  as  that  of  atmospheric  air  at 
the  same  temperature,  when  the  hydrogen  is  compressed  till  its 
weight  is  the  same  as  that  of  an  equal  bulk  of  air.  It  has  never 
been  liquefied,  and  is  even  less  soluble  in  water  than  nitrogen, 
100  volumes  of  water,  according  to  Bunsen,  dissolving  1*93  vols, 
of  hydrogen  at  all  temperatures  between  32°  and  68°  (0°  and 
20®  C).  Hydrogen  is  the  lightest  form  of  matter  which  is 
known  :  its  weight  is  only  one-sixteenth  of  that  of  an  equal  bulk  of 
oxygen,  and  a  little  less  than  a  fourteenth  of  that  of  air ;  i  litre  at 
0°  C.  and  760™™*  Bar.  weighs  0*0896  grm.,  or  100  cubic  inches 
of  it  at  60°  F.  and  30  in.  Bar.,  weigh  but  2*14  grains.  Owing 
to  its  levity,  it  has  been  extensively  used  for  aerostatic  purposes, 
although  the  facility  with  which  coal-gas  can  now  be  obtained, 
has  caused  this  latter,  notwithstanding  its  much  greater  density, 
to  be  universally  substituted  for  hydrogen  in  filling  balloons. 

A  light  bag  made  of  the  craw  of  a  turkey,  or  of  collodion,  may  easily  be  in- 
flated with  hydrogen,  and  will  ascend  rapidly,  and  carry  with  it  a  weight  of 
several  grains.  Owinfj^  to  the  lightness  of  the  gas,  a  jar  may  be  easily  filled 
with  it  by  displacement  without  using  the  pneumatic  trough : — A  tube,  8  or  Jo 
inches  (20  or  25  centimetres)  long,  is  fixed  by  a  cork,  in  the  manner  shown  at 
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A,  fig.  3S8,  into  1  ttiMe-necked  bottl«  ocmtai 


e  gnnuIaUd  ^no ;  diluted 


Fis.  388. 


sal^nric  add  ia  iutrodaeed  tbnnigh  the  funnel,  and  the  gu,  after  the  abno- 

■pherio  air  in  the  bottle  ha*  been  alloired  to  eMape,  may 

b«  collected  bj  holding  a  jar  over  the  tube,  an  at  B.     The 

hydrogen  will  be  retained  for  M>me  minute*  eren   if  the 

jar  be  removed,  provided  that  it  be  atill  held  in  the  invertwd 

poaitioD ;   while  if  the  month  be  tnmed  apwarda,  the  gaa 

will  hare  eacaped  after  tlie  Ispu  of  a  few  seconde. 

Pure  hf  drogea,  though  it  cannot  support  life, 
is  not  poisonous,  and  when  mixed  with  a  certain 
proportion  of  oxygen  it  hss  been  breathed  for 
some  time  without  inconvenience;  but  owing 
to  its  rarity,  it  renders  the  voice  temporarily 
mnch  sharper  and  more  shrill  than  usual. 

Hydrogen  unites  directly  with  several  ele- 
meats  if  heated  with  them,  particularly  with 
oxygen  and  with  chlorine.  If  heated  with 
sulphur,  with  bromine,  and  with  phosphorus,  it  a  t 
also  combines  with  them,  though  slowly  and 
with  difficulty. 

Hydrogen  has  a  smaller  combining  number 
than  any  other  elementary  body,  and   it  has  hence  been   taken 
IS  the  unit  or  standard  of  comparison,  both  for  atomic  weights 
and    combining  volume.     Its   proportional  number   is  therefore 
unity,  or  i,  and  its  combining  volume  i  or  [|^ 

The  proportion  in  which  the  different  elements  combine  with  hydrogen  to 
larm  ganeoiu  componnde  affords  a  well-marked  character  which  lerves  aa  a  fonn- 
dation  for  groapiog  the  different  element*  into  natural  fkmilie*.  For  example, 
in  the  table  which  followi,  (ome  of  the  roost  important  gaaeoni  compounds  of 
the  diCerant  elements  with  hydrogen  are  enumerated :  in  eaoh  ease  the  quantity 
refnaeoted  hy  the  formnla  given  indicates  3  volumes  of  the  gaaeons  compound 
(H=i  vol.  U.  and  HH  =  3  ™U.  [ZH  )■ 


"TTZS" 

-l^- 

'•T^- 

■"KSS" 

'    '      HO 

'      HBr 

HI 

W.tor. 

'      His      • 
H^ 
H,T.     ' 

AMDODi*. 

H,N 

Fbotphontted 

H.P 

MmliOu. 

'~h;c~' 

BDiriantled 

'    H.SiP  ". 

H.Sb 

la  tbs  fint  coliunn  the  Mmpounds  are  tbnned  by  tl 


a  of  one  atom  of 
■  8 
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each  compound.  The  metallic  basyls  of  the  alkalies  and  one  or  tiro  other  metals 
displace  hydrogen  from  its  compound  with  chlorine,  in  the  proportion  of  nngle 
BiomB,  and  these  metals,  with  the  halogens  themselFCS,  constitute  the  group 
of  Jf(ma<£#. 

In  the  second  column  of  the  table  two  atoms  of  hydrogen  are  shown  in  oom« 
bination  with  one  atom  of  certain  other  {dyadj  elements.  In  addition  to  the 
non-metallic  elements  which  thus  have  the  power  of  supplying  the  place  of  two 
atoms  of  chlorine  in  combining  with  hydrogen,  it  may  be  stated  that  the  metals 
of  the  alkaline  earths  and  the  ordinary  metals  which  form  basic  oxides,  displace 
two  atoms  of  hydrogen,  and  unite  wi^  two  atoms  of  chlorine ;  they  constituta 
the  dyad  group  of  metals. 

In  the  third  column  of  the  table  each  compound  given  contains  3  atoms  of 
hydrogen  united  with  i  atom  of  some  other  (triad)  element  These  also  have 
their  representatives  among  the  well-known  metals ;  for  the  triads  embrace  gold, 
aluminum,  and  rhodium,  an  atom  of  each  of  which  unites  with  three  atoms  of 
chlorine,  and  is  thus  equivalent  in  function  to  three  atoms  of  hydrogen. 

In  the  fourth  column  the  compounds  enumerated  contain  four  atoms  of 
hydrogen  in  combination  with  another  (tetrad)  element.  Among  the  metak, 
platinum,  tin,  and  a  few  other  rarer  elements  discbarge  the  functions  of  four 
atoms  of  hydrogen,  each  atom  of  the  metal  forming  a  stable  compound  with  4 
atoms  of  chlorine. 

(346)  Synthesis  of  Water — Eudiometers, — Hydrogen  is  ex- 
tremely inflammable ;  when  a  lighted  taper  is  plimged  into  a  jar 
of  it^  the  gas  takes  fire^  but  the  taper  is  extinguished.  A  jet  of 
hydrogen  burns  with  a  pale,  yellowish,  feebly  luminous  flame, 
but  gives  out  great  heat.  If  the  gas  be  dried  by  causing  it  to 
pass  through  a  tube  containing  calcic  chloride,  and  a  cold  bell- 
jar  be  held  over  the  burning  jet,  the  interior  of  the  glass  quickly 
becomes  bedewed  with  moisture,  owing  to  the  formation  of  water 
by  the  union  of  the  burning  hydrogen  with  the  oxygen  of  the 
atmosphere.  Oxygen  and  hydrogen  may  be  kept  in  a  state  of 
mixture  at  the  ordinary  temperature  of  the  air  for  an  unlimited 
period  without  entering  into  combination ;  but  the  passage  of  an 
electric  spark,  the  application  of  a  lighted  or  even  of  a  glowing 
match,  and,  in  some  instances,  the  mere  contact  of  a  cold  metalHc 
substance,  such  as  platinum,  especially  if  the  metal  be  in  a  finely 
divided  state  (65),  is  suflBcient  to  determine  their  immediate  com- 
bination. Sudden  compression  of  the  gases,  when  mixed,  produces 
the  same  efiect  from  the  heat  evolved,  whilst  a  still  greater  amount 
of  compression  if  it  be  gradually  applied,  even  when  raised  till  it 
is  equal  to  that  of  150  atmospheres,  fails  to  produce  their  union. 

Cavendish,  in  his  inquiries  respecting  the  formation  of  water,  effected  the 
combination  of  the  two  gases  by  means  of  the  electric  spark.  He  employed  for 
thb  purpone  a  strong  glass  vessel,  a  modification  of  which  is  represented  at  4, 
^^.  289.  Through  the  upper  part  two  platinum  wires  are  inserted  to  within  3™"', 
or  the  eighth  of  an  inch  of  each  other.  The  vessel  can  be  closed  at  the  bottom  by 
a  glass  stopcock,  c.  The  air  is  exhausted,  and  the  vessel  screwed  upon  the  top 
of  a  jar,  B,  containing  a  mixture  of  two  measures  of  hydrogen  and  one  measure 
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of  osjgen :  on  opening  the  stopcocki  a  portion  of  the  miztnre  entere  the  Teuel ; 
Ike  coeke  ere  then  eloeed ;  and  vi  eleotrio  epark  poiued  through  the  mixtnre,  b j 
SaEbmrgiag  m  mui\  Lejden  jer, 
D,  through  the  platiDnm  wlrea. 
«.  b.*  A  bright  flub  is  eevn  at 
b  of  the  dUcharge, 


•taaiD,  which  beoomee  oondeneed 
«a  the  ddee  of  the  glaa*:  the 
whole  of  the  two  gaMa,  if  mixed 
in  the  above  prDportione,  ent«r 
into  eomluDattoa  with  each  other. 
Oo  again  opeoiog  the  atopcocka 
a  freeh  quantity  of  the  gaaee  maj 
be  admitted,  to  aappl;  the  plaM 
of  thaae)aateoiidGnied,theipark 
may  be  again  tianimitted,  and 
tihe  procew  nay  be  repeated  till 
thewlxde  of  the  gaaea  are  con- 
aoMed,  and  a  ooniiderable  qoan- 
titj  of  wat«r  formed. 

He  uniformity  of  com- 
position, and  regularity  of 
proportion  in  which  com- 
poouda  are  produced  when 
they  combine  chemically, 
is  strikingly  illustrated  by  means  of  a  mixture  of  oxygen  and 
hydrt^n  gases.  The  two  gases  may  be  mixed  in  any  arbi- 
trary proportion  in  a  suitable  Teesel,  into  the  sides  of  which  two 
platinum  wires  are  fused  for  the  purpose  of  transmitting  the 
electric  spark.  If  the  mixture  be  capable  of  exploding  at  all, 
the  combination  will  be  found  to  have  occurred  in  the  proportion 
of  two  measures  of  hydrogen  to  one  measure  of  oxygen,  no 
matter  in  what  proportion  the  gases  were  mingled.  If  oxygen 
be  used  in  excess,  the  superfluous  oxygen  will  be  found  remain- 
ing oncombined;  and  if  hydrogen  be  in  excess,  the  excess  of 
hydrogen  will  be  left  unaltered  after  the  transmission  c^  the 
spark. 

Upca  tliia  principle  a  valnable  imtrament,  the  Sudiomtter,  it  conatrncted, 
by  meana  of  which  eariooa  gueona  mixturea  may  be  analjied  with  great  exact- 
Htm.  Hacy  different  fbrma  of  thia  inatminent  are  in  uia.  One  of  tbe  moat 
eDnTeDimt  ia  Hofinann'a.  It  eonaiata  of  a  itoat  (iphon  tnbe,  fig-  390,  open  at 
one  extremity  aod  eloaed  at  the  other.  Into  the  iidea  of  the  tube,  near  tbe 
aealed  end,  two  platinam  wirea,  a,  b,  are  fiued,  for  the  purpoaa  of  tranamitting 
an  aleetric  ipark  through  the  cavitj  of  the  tube.     The  lealed  limb  ia  accurately 


'  Tbe  diacbarge  from  the  aecondary  current  of  a  Suhmkorff'a  coil  may  in  all 
leh  eaaea  ba  sdvantageoiuly  aobatitoted  for  tbe  ^ark  of  tbe  Leydenjar. 
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gradndtcd  to  tenths  of  a  cubic  centimetre,  or  other  snitable  diriaioni.  Suppow 
it  be  deiiied  to  ucertiin  the  proporUoa  of  OTjgen  in  atmospheric  air ;  the  !□- 
gtrument  ia  fint  filled  with  mercnry,  after  which  ■ 
■mall  quaiititj  of  air  is  introduced  :  the  hnlk  of  this 
ur  ia  accurately  meaaared,  taking' care  that  the  liquid 
metal  itandi  at  the  ume  lerel  in  both  tubes,  which 
is  eaailj  effected  hj  adding'  mercnrj,  or  bj  dnwing 
off  the  mercnrj,  if  aeeded,  through  the  caoutchono 
tube  which  ia  fixed  upon  the  small  outlet  tube  ja«t 
-~  above  the  bead,  and  which  ii  closed  bj  ineans  of  a 
screw-tap,c.  Aquaotitjof  pare  hjdrogeu  about  equal 
in  bulk  to  the  air  ie  next  introduced,  and  the  bulk 
of  the  mixture  is  agtin  sccumtely  measured.  The 
open  extremity  of  the  tube  is  now  closed  with  a  cork, 
below  which  •  colnnin  of  atmospheric  air  is  safely 
included ;  thin  portion  of  air  acts  as  a  spring;  which 
gradually  checks  the  explosive  force,  when  the  com- 
bination is  effected  by  passing  a  spark  across  the 
tube  by  means  of  the  platinum  wires.  The  mixture 
it  then  exploded  by  the  electric  spark.  The  re- 
maining gas  now  occupies  a  smaller  volume,  owing 
to  the  oondeusatiou  of  the  steam  which  ha*  been 
formed.  Mercury  is  therefore  again  poured  into  the 
open  limb,  nntil  it  standti  Kt  the  same  level  in  both 
tubes,  and  the  volume  of  the  gas  is  meaiured  a  third  time.  One-third  of  the 
reductioD  in  bnllt  experienced  by  the  gas  will  repreaent  the  entire  volume  of 
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oxygen  which  the  mixtnre  confuned.  For  accQTat«  experiments,  a  very  complete 
though  expensive  form  of  eudiometer  upon  this  principle  has  been  contrived  by 
B^naolt,     {Ann.  d«  Chimie,  lU.  xivL  533.) 

A  mo^6G«lion  of  Uie  for^cnng  experiment  enables  as  to  show  that  the 
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Tolmne  of  aqueous  vi^nr  which  is  formed  by  the  union  of  oxygen  with  hydrogen, 
ooeupie«  a  space  exactly  equal  to  two-tliirds  of  that  of  its  constituent  gases, 
or  that  2  Tolnmes  of  hydrogen  and  i  volume  of  oxygen  furnish  by  their  union 
2  volumes  of  steam. 

For  this  purpose  the  closed  limb  of  the  siphon  eudiometer  is  surrounded  by 
a  second  wider  tube,  as  shown  at  d,  fig.  291,  provided  with  an  exit  tube  and 
condenser  below.  A  mixture  of  two  volumes  of  hydrogen  and  i  of  oxygen — 
such  as  is  famished  by  the  electrolytic  decomposition  of  water — is  introduced 
into  the  sealed  limb,  of  which  it  should  occupy  5  or  6  inches  (12  or  15*^°^).  A 
gentle  current  of  vapour  from  a  small  flask,  containing  fousel  oil,  which  boils  at 
269^  (132^  C),  is  then  maintained  for  some  minutes  through  the  wide  tube,  so 
as  to  bring  the  mixed  gases  to  the  temperature  of  132^  C.  The  mercury  in  the 
two  limbs  n  levelled,  and  the  height  at  which  the  expanded  gas  stands  is  then 
marked  by  means  of  an  elastic  band  which  slides  on  the  outer  tube.  The  eudio- 
meter is  next  closed  with  a  cork,  and  the  electric  spark  transmitted,  whilst  the 
current  of  vapour  is  still  maintained ;  the  gases  combine  with  a  flash,  and 
the  volume  of  the  vapour  produced  is  seen  to  be  less  than  that  of  its  constituent 
gases.  If  now  the  mercury  in  the  two  limbs  of  the  eudiometer  is  again  levelled, 
it  ia  seen  that  the  aqueous  vapour  occupies  a  volume  exactly  two-thirds  of 
that  of  the  gases  originally  employed. 

If  a  mixture  of  oxygen  and  hydrogen  be  fired  in  the  air  in 
considerable  quantity^  as  when  a  bladder-full  is  ignited^ — or^  what 
is  still  better,  when  a  quantity  of  soapsuds  is  blown  up  into  a 
lather  by  forcing  some  of  the  gaseous  mixture  out  of  a  bladder 
through  a  pipe  under  the  liquid, — a  loud  and  sharp  report  attends 
the  combination ;  the  steam  which  is  formed  expands  suddenly 
from  the  high  temperature  attendant  on  the  combustion^  and 
immediately  afterwards  becomes  condensed  :  great  dilatation  is 
first  produced^  followed  by  the  formation  of  a  partial  vacuum ; 
the  surrounding  air  rushes  in  to  fill  the  void,  and  by  the  collision 
of  its  particles  produces  the  report.  If  the  hydrogen  be  mixed 
with  air^  a  similar  but  feebler  explosion  occurs  when  a  lighted 
match  is  applied ;  hence  it  is  especially  necessary  in  all  experi- 
ments with  hydrogen  to  allow  time  for  the  expulsion  of  the  atmo- 
spheric air  from  the  apparatus  before  setting  fire  to  the  issuing 
gas.  The  explosion  is  most  violent  when  2  measures  of  hydrogen 
are  mixed  with  5  of  air :  if  the  mixture  be  diluted  with  a  large 
excess  either  of  hydrogen  or  of  air,  the  explosion  becomes  more 
feeble ;  the  heat  evolved  is  less  intense,  and  the  combustion  less 
sudden,  until  at  a  certain  degree  of  dilution  no  explosion  follows 
the  application  of  flame^  but  the  mixture  burns  slowly  ;  whilst,  if 
still  more  diluted,  it  takes  fire  only  just  at  the  spot  where  the 
heat  is  applied^  but  the  combustion  does  not  spread  through 
the  mass. 

If  a  long  tube,  open  at  both  ends,  be  held  over  a  jet  of  burn- 
ing hydrogen,  a  rapid  current  is  produced  through  the  tube,  which 
occasions  a  flickering  'ux  the  flame^  attended  by  a  series  of  small 
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explosions  that  succeed  each  other  so  rapidly  and  at  snch  r^fnlar 
intervals  as  to  give  rise  to  a  musical  note,  the  pitch  and  quality 
of  which  varies  vith  the  length,  thickness,  and  diameter  of  the  tube. 
Pure  wal«r  maj  be  formed  in  ooiuidenble  qnautitief  bj  a  method  diSerin^ 
from  those  hitherto  described ;  the  operation  at  Uie  tame  Ume  funitbe*  a  ineww 
o!  avoertaining  wonratelj  the  relative  weights  of  oijgen  and  hydrogen  irhick 
ent«r  into  the  eompo«ition  of  water.  It  consists  in  transniittiDg  a  cnirent  of 
bjdrogen  over  a  weighed  qnantity  of  cupiic  oiide ;  at  a  red  heat  hjdn^en  de- 
prives this  oiide  of  its  oijgen,  and  forms  wat«r  :  bj  determining  the  weight  of 
the  waier  thus  produced,  and  the  loss  sustained  by  the  oxide,  the  proporlioD  of 
hydrogen  which  haa  combined  with  the  oiygen  can  be  aaceitsined.  The  appa- 
ratuB  required  for  the  purpose  is  represented  in  6g.  391.     A  quantity  of  coprio 
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oxide  is  placed  in  the  globe,  f,  which  is  constructed  of  glass  of  difficult  Jiisibility, 
and  the  globe  and  its  contents  are  then  accurately  weighed.  A  current  of 
hydrogen,  prepared  from  zinc  and  sulphuric  acid  in  the  bottle,  i.,  it-  allowed  to 
bubble  np  through  a  solution  of  potassic  hydrate,  b,  and  to  traverve  three  bent 
tubes  in  succession ;  the  first,  c,  is  filled  with  fragments  of  pumice-stone 
moistened  with  a  solution  of  corrosive  sublimate  (HgC),) ;  the  second,  s,  oontatna 
fragments  of  fused  caustic  potash  ;  and  the  third,  e,  is  charged  with  pamice 
moistened  with  oil  of  vitriol.  The  mercuric  salt  and  the  potash  remove  the 
traces  of  Hrsenicum,  sulphur,  and  carburetted  compounds,  which  the  gas  might 
otherwise  carry  over,  and  the  oil  ot  vitriol  absorb*  the  last  traces  of  moisture. 
Perfectly  pure  and  dry  hydrogen  gas  is  thus  delivered  iu  the  globe,  p.  When 
all  the  air  is  completely  diaplaced,  heat  is  applied  to  the  globe ;  the  capric  oxide 
give«  np  its  oxygen ;  water  is  formed,  and  becomes  condensed  in  the  receiver,  a, 
as  well  ax  in  the  attached  bent  tube,  h,  which  is  filled  with  fhigments  of  pumice 
moistened  with  oil  of  vitriol :  the  whole  of  the  water  formed  is  by  this  meana 
arrested,  i  is  a  bulb  tube  containing  a  little  oil  of  vitriol,  which  prevents  the 
entrance  of  extraneous  moistnre,  and  hy  it«  motion  shows  the  progress  of  the  gas. 
When  the  globe,  T,  i»  cold,  the  hydrogen  is  displaced  hy  a  current  of  atr,  and  on 
weighing  the  globe  with  the  oxide  after  the  experiment  has  terminated,  the  low 
gives  the  qnantity  of  oxygen  which  hat  combined  with  the  hydrogen ;  whilst  the 
difference  between  the  amount  of  oxygen,  and  that  of  the  water  uondensed  in  the 
receiver,  o.  and  tube  of  acid,  h,  showti  the  quantity  of  hydrogen  that  haa  com- 
bined with  it.  Two  grammes  of  hydrogen  are  in  this  manner  proved  to  require 
exactly  16  grms.  of  oxygen  for  their  conversion  into  water.  (Dumas,  Am.  de 
Ciimig,  III.  viii.  189.) 

Many  other  metallic  oxides  besides  oxide  of  copper,  when 
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heated  in  a  current  of  hydrogen^  part  with  their  oxygen^  and  are 
brought  back  to  the  metallic  condition.  If  the  bulb  be  weighed 
first  when  empty^  then  when  charged  with  oxide^  and  a  third 
time  after  the  stream  of  gas  has  been  continued  till  all  forma- 
tion of  water  ceases,  and  till  the  tube  has  become  cool,  the  loss 
of  weight  sustained  by  the  oxide  furnishes  the  proportion  of 
oxygen  combined  with  the  metal.  A  true  and  very  accurate 
analysis  of  the  oxide  will  thus  have  been  effected :  79*5  parts  of 
capric  oxide  are  found  in  this  way  to  contain  6^'^  of  copper  and 
16  of  oxygen. 

(347)  Hydrogen  in  tbe  act  of  combining  with  oxygen  emits  a  very  intenae 
heat.     By  tiurowing  a  jet  of  oxygen  into  a  flame  of  coal-gas  or  of  hydrogen,  or 
still  better  by  introducing  a  jet  of  oxygen,  as  at  o,  fig.  293,  into  the  centre  of  a 
jet  oonneeted  at  H  with  a  gas-holder  sap- 
plying  hydrogen,  so  that  the  two  gases  may 
become  mixed  just  before  they  issue  from  the 
eommon  orifice  of  the  tube  a,  a  beat  may  be 
obtained  which  can  scarcely  be  surpassed  by 
ebemieal  means.     Sometimes  the  two  gases 
are  mixed  in  the  proportion  of  2  yolumes  of 
hydrogen  to  i  volume  of  oxygen,  and  intro- 
duced into  a  bladder  and  burned  as  they  issue 
through  a  tube  of  particular  construction, 
known  as  Hemming's  safety  jet.   It  oonsiHta 
of  a  brass  tube,  about  6  inches  or  15  centi* 
metre8long,and  two-thirds  of  an  inch  ( 1 6°^™') 
m  diameter,  filled  with  pieces  of  very  fine  brass 
wire,  which  are  packed  closely  together,  and 
then  wedged  in  very  tightly  by  driving  a 
stout  conical  piece  of  wire  into  the  axis  of  the 
tube  (492).     This  tube  is  supplied  at  one 
extremity  with  a  blowpipe  jet,  and  at  the 
other  with  a  screw  which  can  be  connected  with  a  stopcock  adjusted  to  the  neck 
of  the  bladder.   The  temperature  produced  by  burning  the  mixed  gases  from  such  a 
iet  is  so  intense  that  thick  platinum  wire  is  melted  by  it  with  ease,  and  is  partially 
volatilized ;  iron  and  steel  are  melted,  and  bum  with  vivid  scintillations.     Rock 
crystal  may  be  liquefied,  and  drawn  out  into  threads  like  glass,  and  the  stem 
of  a  tobacco  pipe  may  be  fused  into  an  enamel-like  bead.     When  the  oxy- 
bydrogen  flame,  which  is  but  very  feebly  luminous,  is  directed  upon  a  small 
cylinder  of  lime,  h,  this  earth  does  not  fuse,  but  it  becomes  white  hot,  and 
then  emits  a  very  pure  white  light  of  great  steadiness  and  intensity,  which 
may  be  maintained  for  hours,  if  care  be  taken  to  expose  to  the  flame  fresh 
soiihoee  of  the  lime  by  causing  it  to  revolve,  continually  but  very  slowly,  by 
means  of  clockwork.     This  object  may  be  obtained  less  perfectly  by  occasionally 
turning  the  pin,  e,  which  supports  the  lime.     Without  this  precaution  a  cavity 
would  be  formed  opposite  to  the  jet,  from  volatilization  of  a  small  quantity  of 
the  lime.     This  light  was  originally  proposed  by  Lieut  Drummond,  to  be  used 
in  the  trigonometrical  survey  of  Great  Britain,  and  when  the  rays  are  concen- 
trated by  a  parabolic  reflector  it  may  be  seen  at  very  great  distances.     On  the 
3i8t  Dmmber,  1845,  it  was  seen  across  the  Irish  Channel,  at  half-past  3  p.m. 
(during  daylight)  horn  the  top  of  Slieve  Donard,  in  Ireland,  by  an  observer 
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stationed  at  the  top  of  Snowdon, — an  interval  of  xo8  miles  in  a  direct  line ;  mad 
it  has  more  than  onoe  heen  seen  at  a  distance  of  x  1 2  miles. 

Water  is  formed  abundantly  whenever  combustible  bodies 
wbich  contain  hydrogen  are  burned  with  a  firee  supply  of  air. 
Wood^  tallow^  oil,  wax,  alcohol,  coal-gas,  and  most  of  our  ordi- 
nary combustibles  which  bum  with  flame,  in  this  manner  furnish 
considerable  quantities  of  water  in  the  act  of  burning. 

A  striking  experiment  may  be  performed  with  hydrogen, 
which  shows  how  purely  conventional  are  the  terms  'combustibles/ 
and '  supporters  of  combustion.'  Let  a  tall  bottle  with  a  narrow 
neck  be  filled  with  hydrogen  gas ;  through  a  cork  which  passes 
easily  into  the  neck  of  the  bottle  fit  a  jet  connected  with  a  gas- 
holder containing  oxygen ;  place  the  bottle  mouth  downwards 
and  set  fire  to  the  hydrogen,  then  immediately  insert  the  cork 
and  jet,  through  which  a  stream  of  oxygen  is  gently  issuing. 
The  flame  will  appear  to  attach  itself  to  the  oxygen  tube,  and  the 
jet  of  oxygen  will  be  burning  in  an  atmosphere  of  hydrogen. 
Combustion,  in  fact,  occurs  at  the  place  where  the  two  gases 
first  come  into  contact.  Suppose,  for  a  moment,  that  the  earth's 
atmosphere  had  contained  hydrogen  instead  of  oxygen ;  oxygen 
would  have  appeared  to  us  in  the  light  of  a  combustible  gas,  and 
hydrogen  in  that  of  a  supporter  of  combustion. 


CHAPTER  IV. 

CABBON CARBONIC   ANHYDRIDE CARBONIC    OXIDE. 

§  I.  Carbonic  Anhydride,  Carbonic  Dioxide,  or  Carbonic 

Acid:  CO, =44. 


Atomic  and  Molecular  Volume ^  1  ;  ReL  wt.22;  Observed 


8p.  Gr.,  1*529  ;  Theoretic  Sp.  Gr,,  1*5203. 

(348)  An  atmosphere  composed  only  of  oxygen,  nitrogen,  and 
steam,  though  perfectly  adapted  to  the  support  of  animal  life, 
would  be  unfit  to  sustain  vegetation.  Plants  require  for  their 
growth  and  development  a  certain  proportion  of  another  gas — 
carbonic  anhydride.  Evidence  of  the  existence  of  this  body  in 
the  air  (342)  is  easily  obtained  by  exposing  a  saucer  of  lime- 
water  to  the  atmosphere :  in  a  few  minutes  its  surface  becomes 
covered  with  a  thin  pellicle,  which  if  disturbed  by  agitation  sinks 
to  the  bottom.  The  pellicle  is  renewed  after  each  agitation  until 
the  whole  of  the  lime  contained  in  the  liquid  has  been  thus 
rendered  insoluble.     This  white  matter  is  chalk,  which  is  formed 


CARBONIC   ANHTDRIDB.  59 

by  the  union  of  carbonic  anhydride  and  lime.  Such  compounds 
of  carbonic  anhydride  with  bases  are  termed  carbonates,  hence 
chalk  is  chemically  termed  carbonate  of  lime,  or  calcic  carbonate. 
When  the  chalk  obtained  is  heated  to  bright  redness  (which^  if 
the  result  is  to  be  accurately  examined^  must  be  effected  in  a 
platinum  tube)^  carbonic  anhydride  is  expelled  as  a  colourless  and 
transparent  gas^  while  pure  quick-lime  is  left  behind ;  CaCO, 
becoming  CaO  and  CO^. 

Preparation. — In  actual  practice,  carbonic  anhydride  is  ob- 
tained by  a  much  more  convenient  plan.  The  carbonic  being 
but  a  feeble  acid,  it  is  expelled  from  its  compounds  by  almost 
every  other  acid  which  is  freely  soluble  in  water ;  it  is  therefore 
easily  separated  from  its  salts  by  the  addition  of  one  of  these 
acids.  Fragments  of  chalk,  or  of  marble  which  is  a  more  compact 
form  of  calcic  carbonate,  are  placed  in  a  retort  or  gas-bottle, 
and  some  powerful  acid,  such  as  the  nitric  or  the  hydrochloric, 
diluted  with  8  or  lo  times  its  bulk  of  water,  is  poured  upon  the 
chalk,  when  the  acid  exchanges  its  hydrogen  for  the  calcium, 
producing  calcic  nitrate,  or  chloride,  on  the  one  hand,  and  car- 
bonic acid  (HjjCOj)  on  the  other :  the  carbonic  acid  is  so  un- 
stable that  it  immediately  breaks  up  into  water  and  gaseous 
carbonic  anhydride,  and  this  last  escapes  with  a  brisk  efferves- 
cence. The  following  equation  shows  the  nature  of  this  decom- 
position when  chalk  and  hydrochloric  acid  are  employed; 
CaCOj -f  aHCl = CaCl^ -f  HgO  +  COj. 

Limestone,  Iceland  spar,  oyster-sheUs,  pearlash,  sodic  car- 
bonate, and  the  carbonates  generally,  all  yield  carbonic  anhy- 
dride when  acted  on  by  a  strong  acid. 

Properties. — Under  the  ordinary  pressure  of  the  atmosphere 
carbonic  anhydride  is  a  colourless,  transparent  gas,  with  a  faintly 
acidulous  smell  and  taste;  but  when  generated  in  a  confined 
space  in  strong  vessels  it  becomes  condensed  to  a  liquid  as  trans- 
parent and  colourless  as  water,  which,  according  to  Begnault, 
boils  at  — 109®  ( —  78°  C).  At  32°  (o®  C.)  it  requires  a  pressure  of 
38*5  atmospheres  to  retain  it  in  the  liquid  state  (Faraday).  It 
then  has  a  specific  gravity  of  0*83,  whilst  at  86°  (30°  C.)  the 
specific  gravity  is  only  o*6o.  IS  these  data  be  correct,  the  liquid 
expands  by  the  application  of  heat  four  times  more  rapidly  than 
air  (Thilorier) ;  but  according  to  Andreeff  {Liebig's  Ann.  ex.  10) 
the  expansion  of  the  liquid,  although  greater  than  that  of  the 
gas,  is  not  so  great  as  Thilorier  states.  Andreeff  found  the  density 
of  the  liquid  0*947  at  o®  C. ;  0*893  **  ^®° »  ^'^^  **  ^5° '  *^* 
0*779  ^^  ^3^*4  C*     Liquefied  carbonic  anhydride  does  not  mix 
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fireely  with  water^  or  with  the  fixed  oils ;  but  it  is  dissolved  in  all 
proportions  by  alcohol^  ether,  oil  of  turpentine,  naphtha,  and 
parbonic  disulphide.  When  a  stream  of  the  liquefied  body  is 
allowed  to  escape  into  the  air,  it  freezes  into  a  snow-white  solid 
(196)  :  and  if  a  tube  containing  liquid  carbonic  anhydride  be 
plunged  into  a  bath  of  the  solid  anhydride  mixed  with  ether,  and 
placed  in  the  vacuum  of  the  air-pump,  the  liquid  in  the  tube 
will  speedily  be  frozen  into  a  clear,  transparent,  ice-like  mass, 
which  melts  at— 70°  (— 57°C.)  The  solidified  anhydride  is 
heavier  than  the  liquid  portion  in  which  it  is  being  formed. 

Graseous  carbonic  anhydride  is  not  inflammable,  neither  will 
it  support  the  flame  of  burning  bodies :  the  extinction  of  a  taper 
is  one  of  the  means  fi^uently  resorted  to  for  detecting  its  pre- 
sence. Many  other  gases,  however,  have  the  same  property ; 
some  additional  test,  therefore,  becomes  necessary.  Such  a  test 
is  afibrded  by  its  action  upon  lime-water,  which,  when  agitated 
with  the  gas,  is  immediately  rendered  milky  from  the  formation 
of  chalk  j  a  few  drops  of  any  strong  acid  dissolve  the  chalk  and 
restore  transparency  to  the  liquid ;  an  excess  of  even  carbonic 
acid  has  the  same  effect. 

Carbonic  anhydride  in  its  concentrated  form  is  irrespirable, 
for  by  producing  spasm  of  the  glottis  it  is  prevented  from  enter- 
ing the  lungs ;  when  diluted  with  air,  however,  it  may  be  breathed 
without  even  a  suspicion  of  its  presence.  If  the  proportion 
exceed  3  or  4  per  cent,  of  the  air  it  acts  as  a  narcotic  poison ; 
and  even  in  much  smaller  quantities  its  depressing  efibcts  are 
very  injurious.  It  reduces  both  the  frequency  and  power  of  the 
hearths  action.  The  ill  effects  experienced  in  crowded  and  ill- 
ventilated  rooms  are  partly  due  to  the  presence  of  this  gas  in 
undue  quantity,*  but  partially  also  to  the  accumulation  of  vola- 
tile putrescible  organic  particles  given  oflf  from  the  surface  of  the 
lungs  and  skin.  It  is  the  combination  of  these  circumstances 
which  renders  attention  to  ventilation  a  matter  of  such  high 
importance. 

Graseous  carbonic  anhydride  is  more  than  half  as  heavy  again 
as  atmospheric  air;  i  litre  at  o^C.  and  760"°**  weigh  1-9774x4 


*  The  maximnm  observed  by  Roscoe  in  his  experiments  on  the  atmosphere 
of  dwelling-hoases,  was  0*33  per  cent.,  and  this  occurred  in  a  crowded  school- 
room.—  (Q-  «7^  Chem.  Soc,  x.  265.)  Angus  Smith  foond  on  the  average, 
from  the  examination  of  339  specimens  of  the  air  in  mines,  as  mach  as  0*78  per 
cent. ;  and  in  several  extreme  cases  it  exceeded  2*0  per  cent.  The  quantity  of 
oxygen  in  the  air  of  these  mines  gave  an  average  of  20  per  cent.,  but  in  some 
cases  it  fell  as  low  as  1 8*6. 
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gnu.  (Regnault),  or  100  cubic  inches  of  it  at  60°  F.  and  50  inchea 
Bar.  weigh  47*303  grains ;  from  ita  density  it  may  easily  be  col- 
lected in  dry  reasela  by  displace- 
ment, in  the  manner  represented  in 
fig.  294,  and  may  be  poured  from 
one  vessel  into  another  like  water. 

No  definite  bydrated  carbonic 
acid  is  known  ;  the  anhydride,  both 
in  the  form  of  gas  and  in  its  denser 
conditions  of  liquid  and  solid,  being, 
as  its  name  indicates,  free  from 
water;  bnt  it  appears  to  be  con- 
vertible into  a  true  acid  by  solu- 
tion in  water,  CO,+HjO  yielding 
HjCOj.  At  the  ordinary  tempera- 
tore,  the  gas  is  soluble  in  about  ita 
own  bulk  of  water;  and  its  solubility  increases  if  the  presanre  b« 
increased;*  but  when  the  compression  is  suddenly  removed,  the 
gas  escapes  with  brisk  efferveaceDce.  Advantage  is  taken  of  this 
circumstance  in  the  preparation  of  soda-water,  as  it  is  called. 
For  this  purpose  the  water,  which  may  or  may  not  contain  soda 
or  other  aubatancea  in  solution,  ia  mechanically  charged  with  a 
large  quantity  of  carbonic  acid,  by  the  use  of  a  condensing 
fringe,  attached  to  a  reservoir  filled  with  the  gas.  The  excess 
c^  the  gaa  thua  forced  into  the  liquid  occasions  the  agreeable 
briskness  and  pungency  so  much  prized  in  this  beverage. 

A  solution  of  carbonic  acid  in  water  reddens  tincture  of 
litmus ;  but  thfr  red  colour  disappears  if  the  liquor  be  boiled  for 
a  few  minutes,  owing  to  the  expulsion  of  the  gas.  The  aqueoua 
solution  of  the  acid  possesses  solvent  powers  which,  though  in 
many  instances  extremely-  feeble,  are  yet  far  more  extensive  than 
those  of  pure  water.  By  the  continuous  action  of  water  charged 
with  carbonic  acid,  even  granite  and  the  hardest  rocks  are  dis- 
integrated, few  finely  divided  minerals  being  able  to  resist  its 
gradual  and  long  continued  action.  The  proportion  of  gas 
dissolved  ia  in  many  instancea  very  minute,  but  as  few 
natural  sources  of  water  exist  which  are  not  to  a  greater  or 
less  extent  impregnated  with  carbonic  acid,  either  by  abaorp> 
tion  from  the  atmosphere  or  from  the  soil,  the  solution,  insig- 
nificant as    it    may  at  first    sight   appear,    ia   continually   pro- 


*  ir  the  gas  Le  iimply  tratumitted  through  the  irater,  the  liquid  leldom 
takca  op  more  than  tKo-Uurdii  of  iU  bulk. 
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ceeding^  and  in  the  lapse  of  time  it  effects  changes  of  great 
importance  and  extent. 

The  briskness  of  spring  vater^  and  the  preference  given  to  it 
as  a  beverage^  is  partly  occasioned  by  the  carbonic  acid  which  it 
contains ;  though  its  usual  coolness  and  the  abimdance  of  atmo- 
spheric air  dissolved  in  it  are  still  more  important.  It  is  the 
absence  of  these  qualities^  combined  with  the  presence  of  traces 
of  organic  impurities^  which  renders  the  taste  of  boiled  or  dis- 
tilled water  flat  and  mawkish  (344  a). 

Carbonic  acid  was  originally  termed  fixed  air,  from  the  cir- 
cumstance of  its  having  been  discovered  by  Dr.  Black,  in  1757, 
as  a  solid  or  fixed  constituent  in  limestone,  and  from  its  becoming 
fixed  or  absorbed  by  solutions  of  the  caustic  alkalies. 

(349)  ^otural  Sources  of  Carbonic  Acid. — Besides  the  pro- 
cesses for  procuring  the  gas  already  described,  there  are  a  variety 
of  cases  in  which  it  is  produced  on  a  very  large  scale  in  nature. 

I. — Respiration  in  man  and  animals  is  always  attended  with 
the  formation  of  a  large  proportion  of  the  gas.  This  fact  may 
be  easily  proved  by  forcing  air  from  the  lungs  by  means  of 
a  tube  through  lime-water,  which  will  speedily  become  milky 
from  the  deposition  of  calcic  carbonate.  The  proportion  of  car- 
bonic anhydride  in  respired  air  varies  from  3  to  4  per  cent.,  being 
usually  about  3 J  per  cent. 

2. — Carbonic  acid  is  also  formed  abundantly  in  the  process 
of  fermentation,  and  is  the  cause  of  the  briskness  in  bottled  beer, 
champagne,  and  other  fermenting  liquors.  Many  accidents  have 
occurred  fix)m  persons  incautiously  descending  into  an  empty 
fermenting-vat  before  the  gas  has  had  time  to  escape  and  mix 
with  the  air:  it  is  usual  to  facilitate  the  escape  of  the  dense 
gas  by  leaving  the  plug  at  the  bottom  of  the  vessel  open  for 
some  hours. 

3. — In  the  operation  of  burning  lime  in  the  lime-kiln,  the 
heat  expels  from  the  limestone  the  carbonic  anhydride,  which 
escapes  in  large  volumes.  Many  a  poor  houseless  wanderer, 
tempted  by  the  warmth  of  the  kiln,  has  lain  down  in  the  stream 
of  air  proceeding  from  it,  and  has  slept  to  wake  no  more.  By 
the  operation  of  subterranean  heat  in  volcanic  districts  upon 
limestone  beneath  the  surface,  large  volumes  of  carbonic  anhy- 
dride are  continually  finding  their  way  into  the  atmosphere; 
immense  quantities  are  discharged  from  open  craters  or  fix)m 
fissures  and  cavities  in  the  soil ;  the  springs  in  such  districts  are 
also  fi^uently  highly  charged  with  it,  and  the  gas  escapes  with 
effervescence  when    they  reach  the    surface.     The   springs    of 
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Seltzer,  Pyrmont,  and  Marienbad,  on  the  Continent,  and  of  Tun- 
bridge,  in  our  own  country,  exhibit  this  phenomenon. 

4. — ^The   carbonic  acid  met  with  in  spring  water  is  in  many 
instances  derived  from  the  gradual  oxidation  of  the  vegetable  and 
other  organic  matter  which  it  holds  in  solution,  by  the  action  of 
the   oxygen  of  the  air  which  all  waters  naturally  contain.     The 
lake  waters  fi^m  the   primitive  districts,  such   as  those  in  the 
northern  parts  of  Scotland,  leave  scarcely  any  residue  on  evapora- 
tion except  a  little  organic  matter ;   they  are  very  free  from  car- 
bonic acid,  and  the  bulk  of  oxygen  which  they  hold  in  solution  is 
somewhat   more  than  one-half  that  of  the   nitrogen.     If  such 
waters  be  kept  in  closed  vessels  for  a  few  weeks  in  a  warm  room, 
the  oxygen  gradually  decreases,  and  in  its  place  a  corresponding 
volume  of  carbonic   acid  is  found.     The  pure   water  of  Loch 
Katrine,  for  example,  when  first  collected  did  not  yield   more 
than  0'2a  cub.   centim.   per  litre,  or  o'o6   cubic  inch,   of  car- 
bonic anhydride  per  gallon ;  but  the  quantity  of  this   gas  which 
the   same  sample  yielded  after  it  had  been  kept  in  a  closed  vessel 
for  some  weeks,  in  a  warm  room,  rose  to  1*34  c.  c.  per  litre,  whilst 
the  oxygen  had   diminished  to  a  similar  extent.     Spring  waters 
which  rise  in  a  sandy  district,  the  surface  of  which  is  sparingly 
clothed  with  vegetation,  and  from  which  consequently  they  can 
take  up  but  little  organic  matter,  contain   but  small  quantities, 
often  mere  traces,  of  carbonic  acid ;   whilst  the  springs  of  highly- 
cultivated  districts,  such  as  those  which  rest  more  or  less  directly 
upon   the   chalk,   become   charged  with   organic   matter,  which 
gradually  undergoes   oxidation  in  the   soil,  and  the  quantity  of 
carbonic  acid  contained  in   such  waters  is   always  considerable, 
whilst  the  quantity  of  oxygen  which  they  hold  in  solution  is  pro- 
portionately reduced.^     The  extent  to  which  this  change  takes 


*  The  analysis  of  these  gases  or  of  any  mixtare  of  air  with  carbonic  anhy- 
dride, such,  for  example,  as  respired  air,  may  be  effected  with  sufficient  accuracy 
for  most  purposes  in  the  following  manner : — Supposing  that  the  gas  h%d  been 
collected  over  either  water  or  mercury,  it  becomes  necessary  to  transfer  a  portion 
of  it  from  the  jar  in  which  it  has  been  collected  to  the  one  in  which  it  is  to  be 
analysed.  A  method  of  effecting  this  is  shown  in  fig.  295.  Upon  the  board, 
a  4^,  is  fastened  a  pipette,  designed  for  effecting  this  transfer ;  a  is  a  cylindrical 
funnel  of  a  capacity  of  about  30  cub.  centim. ;  at  c  is  a  small  steel  or  a  glaM 
stopcock,  or  a  piece  of  vulcanized  caoutchouc  tubing  compressed  by  a  screw, 
which  is  simpler  and  less  expensiire;  by  either  of  these  contrivances  the  contents 
of  the  funnel  can  be  admitted  to  a  wide  thermometer-tube  each  portion  of  which 
most  not  be  less  than  30  centim.  (12  inches)  in  length,  which  is  furnished  at  d  with 
*  seoottd  screw  damp;  6  is  a  bulb  of  the  capacity  of  about  16  c  c.  (i  cub.  in.)  ; 
from  the  upper  part  of  h  proceeds  another  piece  of  thermometer-tube,  bent  as 
shown  in  the  figure,  to  allow  of  its  introduction  into  the  gas-jar ;  this  bent 
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place  in  river  water  is  very  remarkable.     It  is  well  exhibited  id 
the  case  of  the  Thames. 

On  on«  oocBiioa,  Mime  umpU*  were  taken  from  the  river  at  low  water  at 
different  points  on  the  ume  da;,  in  August,  1859 ;  Ihoee  oollected  ^nre  the 
metropolis  being  nearlj  free  from  uontsmi  nation  with  Kwerage  prodocto,  wbilrt 
tliDM  obtained  lower  down  were  eitensiTelj  impregnated  with  them.  The  guee 
were  expelled  from  each  umple  b;  boiling,  within  twentj-fonr  boon  from  the 
time  of  its  eolleotion,  and  the  reealte  obtained  are  j^ven  in  the  following  table, 
ia  which  tbey  are  ooniraated  with  the  proportions  of  each  gaa   fumiahed  by  a 


portion  may  be  connected  to  the  bolb  6  with  a  flexible  joint  of 
by  which  the  manipulatitHi  of  the  instroment  is  ^lituted. 


Fio.  295. 


ment,  the  funnel,  a,  is  filled  with  mercury,  the  etopcocki  are  both  opened,  and  as 
tuN>a  as  the  air  has  been  displaced  from  the  vertical  portion  of  the  fine  tube,  and 
mercury  escape*  through  d,  the  lower  stopcock  is  cloned  ;  the  mercury  quiclily 
displace*  the  air  from  the  rest  of  the  tube,  and  from  the  bulb  b,  and  as  soon  aa 
it  begins  to  flow  out  at  the  open  extremity  of  the  recurved  portion,  the  stopcock, 
c,  is  closed.  The  instrument  being  now  full  of  mercury  L)  introduced  into  the 
jar,  e,  of  the  gaa  to  be  transferred,  and  its  open  extremity  is  raiMd  above  the 
level  of  the  water  in  the  jar,  «;  the  stopcock,  i^,  in  then  opened,  and  whilst  the 
mercury  runs  out  into  a  veuel  placed  fur  its  reception,  the  gSB  enters  from  e,  and 
occupies  the  place  of  the  mercury  in  the  bulb,  b.  When  a  sufficient  quantity  has 
been  admitted,  the  tube  is  depressed  below  the  level  of  the  wuter  in  the  jsr,  e; 
the  stopcock,  d,  is  closed,  and  the  pipette,  which  ii  sealed  by  the  admission  of  a 
little  watei  into  the  t:apillary  tube,  is  withdrawn  from  the  jar.  f.  The  gas  can 
now  be  transferred  to  the  graduated  tube,  h,  standing  in  the  jar  of  mercury,  g ; 
the  bent  limb  of  the  pipette  is  introduced  into  the  tube,  h,  which  has  been  pre- 
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similar  experiment  upon  a  sample  of  river  water  taken  above  Teddington  Lock, 
where  it  was  in  a  pore  condition. 


T«mp.of  rirer,  ai*^5  C. 

Kingston. 

Hammer- 
smith. 

Somerset 
floQse. 

Greenwich. 

Woolwich. 

Erith. 

Total  qautitj  ofne  in ) 
onbie  in.  per  gallon   .  / 

14-67 

r Not  deter-) 
I     mined.    } 

17*49 

19-77 

17-50 

ao'64  1 

GvlioaioBnliydride.    . 

Oxygen  .,.,,. 
Kitrogea 

8-4a 

ao7 
418 

C  Not  deter-) 

(.    mined.    } 

i*i6 

4a4 

ia'j6 

0-43 
4*50 

13-40 

o'07 
4-03 

1580 
4-3a 

Proportion  of  Oxjgen  ) 
to  Nitroffcn     .    .    . ) 

I  :  a 

I  :  3*7 

I  :  io'5           I  t  60 

I  :sa 

1  :  8-1 1 

From  these  experiments  it  will  be  seen  that  the  water  from  Kingston  (above 
Teddington)  is  thoroughly  aerated,  and  contains  oxygen  in  the  proper  proportion 
to  the  nitrogen,  which  when  in  solution  is  as  i  to  2.  At  Hammersmith,  the 
effect  of  the  organic  impurities  in  abstracting  the  oxygen  begins  to  be  evident. 
It  is  much  more  marked  at  Somerset  House,  whilst  at  Greenwich,  where  the 
csondition  of  the  river  at  low  water  is  about  at  the  worst,  the  oxygen  has  nearly 
disappeared.  At  Woolwich,  it  is  nearly  as  bad,  but  by  the  time  Erith  is  reached 
a  great  improvement  is  perceptible.  Had  the  experiments  been  continued  still 
lower  down  the  river,  the  proportion  of  oxygen  would  have  continued  to  increase. 


riously  filled  with  mercury.  Fresh  mercury  is  poured  into  the  funnel,  a,  of  the 
pipette,  and  on  opening  the  stopcock,  c,  the  gas  is  expelled  into  the  tube,  h ;  the 
gas  should  not  occupy  more  than  two-thirds  of  the  capacity  of  this  tube. 

The  proportions  of  carbonic  anhydride,  of  nitrogen,  and  of  oxygen  are  now 
easily  ascertained  in  the  following  manner : — The  bulk  of  the  gas  in  the  tube.  A, 
is  to  be  carefully  read  off,  care  being  taken  to  bring  the  mercury  to  the  same 
level  within  and  without  the  tube  ;  the  temperature  and  the  pressure  being  ob- 
served as  usuaL  Supposing  that  it  has  thus  been  ascertained  that  a  bulk  of  gas 
c^  about  8  or  10  cub.  centim.  is  to  be  subjected  to  the  analysis,  tlie  operator,  by 
means  of  a  glass  syringe,  or  a  small  glass  pipette  with  a  recurved  tube,  throws 
up  ten  or  twelve  drops  of  a  solution  of  caustic  potash  (sp.  gr.  1*4)  into  the  tube. 
Tlie  glass  syringe  may  be  extemporaneously  prepared  from  a  strong  tube  which 
ia  soflened  in  the  flame  of  a  lamp,  drawn  off  and  recurved  at  one  end,  as  shown 
in  the  figure  at  t ;  this  constitutes  the  body  of  the  syringe,  whilst  the  piston  is 
easily  formed  of  a  piece  of  glass  rod,  provided  with  a  plug  of  caoutchouc. 

The  operator  then  agitates  the  contents  of  the  tube  by  rapidly  thrusting 
down  the  tube  into  the  mercury,  and  withdrawing  it,  taking  care  to  keep  the 
mouth  below  the  surface  of  the  mercury :  this  manoeuvre  is  several  times  re- 
peated in  quick  succession ;  the  tube  is  again  lefl  at  rest  for  a  minute  or  two. 
And  the  absorption  is  noted  by  a  second  time  reading  off  the  volume  of  the  gas 
at  the  proper  level.     The  difference  indicates  the  amount  of  carbonic  anhydride. 

In  order  to  ascertain  the  proportion  of  oxygen  in  the  remainder,  the  plan 
recommended  by  Liebig  is  the  simplest : — A  solution  of  i  part  of  pyrogallic 
acid  in  6  of  water  is  prepared,  and  about  40  drops  of  the  solution  is  by  Aft'eah 
pipette  injected  into  the  tube  A,  and  the  mixture  is  briskly  agitated  as  before ; 
the  solution  of  potash,  if  oxygen  be  present,  becomes  of  an  intense  bi'^trc  colour, 
and  the  oxygen  is  quickly  and  completely  absorbed;  the  gas  is  measured  a  third 
time,  and  the  residue  is  estimated  as  nitrogen  ;  the  difference  between  the  second 
and  third  readings  giving  the  volume  of  oxygen.  A  small  quantity  of  carbonic 
oxide  amounting  to  between  2  and  3  per  cent  of  the  volume  of  the  oxygen  is 
always  formed  in  this  operation. — (Grace  Calvert ;  Boussingault.) 

II.  K 
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owing  to  the  admixture  of  aerated  sea-water  and  the  ahsorption  of  oxygen  due  to 
the  snooeasive  exposure  of  the  water  to  the  air  in  its  onward  flow. 

5. — Carbonic  anhydride  is  one  of  the  principal  constituents  of 
what  is  termed  choke-damp  by  miners^  and  it  often  occasions 
much  loss  of  life  after  the  occurrence  of  an  explosion  of  car- 
buretted  hydrogen,  or  fire-damp.  It  also  accumulates  frequently 
in  the  old  workings  of  mines,  and  in  pits  or  wells.  Before  de- 
scending into  them,  it  is  usual  to  lower  a  lighted  candle  in  order 
to  ascertain  whether  the  light  will  bum ;  if  it  does  so,  it  is  gene- 
rally considered  safe  to  venture  down.  Instances,  however,  are 
on  record  in  which  a  candle  was  found  burning  in  an  atmosphere 
which,  notwithstanding,  contained  sufficient  carbonic  anhydride 
to  cause  death.  When  it  is  necessary  to  enter  into  an  atmo- 
sphere considerably  chai^d  with  this  gas,  Graham  suggests  as  a 
precaution  that  the  mouth  and  nostrib  be  covered  with  a  cloth 
containing  a  mixture  of  slaked  lime  and  crystallized  sodic  sul- 
phate. Such  a  mixture  is  porous  enough,  in  a  layer  of  25""'  or 
an  inch  thick,  to  allow  the  passage  of  sufficient  air  for  respira- 
tion, whilst  the  moist  lime  completely  absorbs  the  carbonic 
anhydride. 

6. — ^There  is  also  another  mode  in  which  carbonic  anhydride 
is  very  largely  formed,  which,  independently  of  its  importance  as 
a  source  of  the  gas,  is  interesting  as  throwing  light  upon  its 
chemical  nature.  Whenever  charcoal,  or  bodies  which,  like  wood, 
coal,  oil,  or  tallow,  contain  carbon,  are  burned  either  in  oxygen 
or  in  air,  carbonic  anhydride  is  obtained  abundantly ;  if  the  gas, 
after  combustion  has  terminated,  be  agitated  with  lime-water, 
this  liquid  will  be  immediately  rendered  milky.  According  to 
Angus  Smith,  two  candles  in  burning  may  be  estimated  to  pro- 
duce about  as  much  carbonic  anhydride  as  one  man  would  emit 
by  respiration  during  an  equal  interval  of  time,  or  about  1260 
cubic  inches  (20*6  litres)  per  hour. 

Carbon  may  again  be  extracted  from  carbonic  anhydride.  If 
a  small  piece  of  potassium,  heated  till  it  begins  to  bum  in  the  air, 
be  introduced  by  means  of  a  platinum  spoon  into  ajar  of  gaseous 
carbonic  anhydride,  the  potassium  will  continue  to  bum  with 
great  brilliancy.  Potash  will  be  formed  at  the  expense  of  the 
oxygen  which  the  gas  contains,  whilst  charcoal  is  liberated,  as 
may  be  seen  in  the  black  particles  which  are  suspended  in  the 
water  into  which  the  spoon  is  plunged  after  the  combustion  is 
complete.  Thus  carbonic  anhydride  is  shown,  both  synthetically 
and  analytically,  to  be  a  compound  substance,  consisting  of  carbon 
and  oxygen,  and  its  composition  may  be  represented  as  follows  : 
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Bjr  weight.  Damao.  Bjvol.  8p.gr. 

Carbon    C    =     120127*28        2728        2  or  1*0?  =     0*4146 
Oxygen   0,  =     32      .72'72        72*72        2       i*o     =     1*1057 

^Mride|^^=    ^     ^^'^      ^^'^        ^      ^'^    =     ^'5203 

Carbonic  anhydride  is  not  decomposed  by  such  elevation  of 
temperature  as  we  can  obtain  in  our  furnaces^  but  if  a  succession 
of  electric  sparks  be  transmitted  through  the  gas  it  is  partially 
separated  into  carbonic  oxide^  and  &ee  oxygen.  Sidphur^ 
chlorine^  and  the  halogens  may  be  heated  with  the  gas  without 
decomposing  it ;  but  if  heated  with  hydrogen,  water  and  car- 
bonic oxide  are  formed,  the  decomposition  being  represented  thus, 
COj-hHj=CO-fHjjO.  Carbon,  and  many  of  the  metals,  such  as 
iron  and  zinc,  also  remove  a  portion  of  the  oxygen  from  the 
carbonic  anhydride,  and  convert  it  into  carbonic  oxide  (357). 

Applications. — Sir  G.  Gurney  has  turned  the  property  of  ex- 
tinguishing flame  possessed  by  carbonic  anhydride  to  an  im- 
portant practical  account.  Coal  mines,  at  different  times  and 
from  various  causes,  are  liable  to  take  fire,  and  from  the  vast 
mass  of  heated  matter,  the  conflagration  not  unfrequently  resists 
all  the  ordinary  means  of  checking  its  ravages ;  many  acres  of 
subterranean  fire  are  thus  produced,  and  the  workings  are  of 
necessity  abandoned.  Sir  G.  Gurney,  in  such  cases,  closes  every 
opening  into  the  mine  but  two,  one  for  the  entrance,  the  other 
for  the  escape  of  the  gases,  and  then,  by  the  agency  of  the  steam 
jet,  pours  into  the  mine  a  current  of  impure  carbonic  anhydride 
and  nitrogen,  obtained  by  forcing  a  stream  of  air  through  a  coke 
fdmacc  into  the  mine,  so  as  to  fill  the  entire  workings  with  the 
gas  j  he  has  thus  on  several  occasions  succeeded  at  a  very  small 
expense  in  extinguishing  fires  which  have  raged  unsubdued  for 
years. 

A  very  remarkable  case  of  this  kind  was  mentioned  in  the  Times  for 
May  22,  1851  : — The  'burning  waste  of  Clackmannan/  situate  about  seven 
miles  from  Stirling,  had  been  for  30  years  on  fire.  It  occurred  in  a  seam  of 
nine-foot  coal,  and  extended  over  an  area  of  26  acres ;  yet  the  fire  was  success- 
fully extinguished : — about  8,000,000  cubic  feet,  or  226,500  cub  metres,  of  gas 
were  required  to  fill  the  mine,  and  a  continuous  stream  of  impure  carbonic 
anhydride  was  kept  up  night  and  day  for  about  three  weeks.  The  difficulty  lay 
not  so  much  in  putting  out  the  fire,  as  in  cooling  down  the  ignited  mass  so  that 
it  abould  not  again  burst  into  flame  on  readmitting  the  air.  In  order  to  effect 
the  neoteiary  reduction  of  the  temperature,  water  was  blown  in  along  with  the 
carbonie  anhydride  in  the  form  of  a  fine  spray  or  mist.  Subsequently,  cold  air 
mixed  with  the  spray  was  blown  in,  and  in  a  month  from  the  commencement  of 
i^eratiooa  the  fire  was  found  to  be  completely  extinguished. 

(350)  Carbonates, — ^Though  but  a  feeble  acid,  carbonic  acid 
formfl  a  numerous  and  important  class  of  salts,  which  has  till 
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lately  been  regarded  as  monobasic ;  but  there  can  be  no  doubt 
that  it  ought^  in  accordance  with  recent  usage^  to  be  considered 
as  dibasic  (554). 

The  carbonates^  with  the  exception  of  those  of  the  alkali- 
metals^  are  not  soluble  in  water ;  but  many  of  the  insoluble  car- 
bonates^ and  in  particular  those  of  calcium^  magnesium^  barium, 
and  strontium,  may  be  dissolved  to  some  extent  by  water  charged 
with  carbonic  acid,  and  are  deposited  in  a  crystalline  form  as  the 
gas  escapes  slowly  from  the  liquid.  All  the  carbonates  are  dis- 
solved with  effervescence  by  diluted  nitric  acid,  and  even  by 
acetic  acid :  the  gas  which  comes  off  is  colourless,  und  renders 
lime-water  turbid ;  it  possesses  the  properties  of  carbo'^ic  anhy- 
dride, above  described.  The  most  delicate  test  of  the  presence  of 
free  carbonic  acid  is  one  of  the  basic  salts  of  lead,  such  as  the 
subnitrate  or  the  subacetate,  a  solution  of  which  is  instantly  ren- 
dered milky  by  the  action  of  a  solution  of  carbonic  acid  upon  it. 
The  carbonates  of  the  alkali-metals,  when  in  solution,  are  also 
decomposed  by  aci^s,  with  effervescence ;  they  give  with  salts  of 
calcium  a  white  precipitate,  which  is  immediately  redissolved  by 
an  acid,  with  effervescence.  All  the  carbonates,  with  the  excep- 
tion of  those  of  the  alkali-metals  and  of  barium,  are  decomposed 
by  prolonged  ignition,  the  salt  being  decomposed  into  the  anhy- 
dride and  a  metallic  oxide.  The  carbonates  have  considerable 
tendency  to  combine  with  each  other,  and  form  double  salts,  like 
dolomite,  which  is  a  double  carbonate  of  calcium  and  magnesium 
(MgCaaCOj).  Many  basic  carbonates  are  also  known:  they 
are  often  hydrated  compounds — such,  for  example,  as  malachite 
(CuHgOjCuCOj). 

If  M  and  M'  represent  the  atom  of  any  two  different  metallic 
monads,  such  as  potassium  and  sodium,  the  general  formulas  of 
the  carbonates  will  be  thus  indicated : — 

Normal  salt,  MgCOj 
Acid  salt,        MHCO3 
Double  salt,   MM'COj 

The  following  table  represents  the  composition  of  some  im- 
portant carbonates  : — 

Potassic  carbonate         K,CO,  .H,0 

Sodic  carbonate  Na,CO,.  loHjO 

Potassio-hydric  carbonate  (bicarbonate)  KHCO, 

Scdio-hydric  carbonate  (bicarbonate)   ...         , NaHCO, 

Trona  (sodium  sesquicarbonate)  aNajCOj,  H,CO, .  3H,0 

Amnionic  sesquicarbonate        2[(H4N)2  COJ,CO, 

Baric  carbonate BaCO, 
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Caldc  carbonate  CaCOj 

Magnesio  carbonate     MgCO, 

Dolomite  MgCa2C0, 

Barjto-calcite BaCaaCO, 

Malachite         CuCOpCaHjOj 

Blue  carbonate  of  copper        aCaC0,,CuH2  0, 

§  11.  Carbon:   C=ia. 

8p.  Gr.  as  diamond,  3-33  to  3*55 ;    Vapour  Density  unknown ; 
Dyad  in  CO ;  usually  Tetrad,  as  in  CO^,  and  CH^. 

(351)  Carbon   is  an  elementary  body  of  the   greatest  im- 
portance.    It  is  found  nearly  in  a  state  of  purity  in  the  diamond ; 
with  a  larger  proportion  of  foreign  admixture  it  occurs  in   the 
form  of  graphite^  and  still  less  pure  in  the  abundant  deposits  of 
pit  coal.     It  is  also  met  with  in  enormous  quantities  in  combina- 
tion, under  a  variety  of  forms.     Independently  of  the  quantity 
of  it  which  exists  diffused  through  the  atmosphere  in  the  state  of 
carbonic  anhydride,  it  is  a  component  of  the  numerous  varieties 
of  calcic  and  of  magnesic  carbonate,  constituting  nearly  an  eighth 
of  the  entire  weight  of  calcic  carbonate,  and  more  than  a  seventh 
of  that  of  magnesic  carbonate.     It  is  the  characteristic  ingre- 
dient of  all  substances  which  are  termed  organic — that  is,  of  sub- 
stances which  are  produced  directly  or  indirectly  from  the  vege- 
table or  animal  creation.     The  solid  parts  of  plants,  shrubs,  and 
trees  owe  their  form  and  solidity  to  this  element,  which  is  mainly 
supplied  to  them  from  the  carbonic  anhydride  in  the  atmosphere. 
This  action  of  plants  upon  carbonic  anhydride  is  one  of  the  means 
ordained  for  preserving  uniformity  in  the  composition  of  the  air. 
The  quantities  of  carbonic  anhydride  poured  forth  from  the  bowels 
of  the  earth,  and  derived  from  the  processes   of  respiration   and 
combustion,  and  from    numerous  other   less  apparent  sources, 
would  by  degrees  occasion  an  injurious  accumidation  of  the  gas, 
but  for  this  compensating   action.     In  solar  light  the  leaves  of 
plants  decompose    both  carbonic   anhydride   and    water,  appro- 
priating the   carbon  and  the  hydrogen  of  each  for  their  own 
growth  and  nutrition,  whilst  a  large  proportion  of  the   oxygen 
which  these  compounds  contained  is  returned  into  the  air  in  the 
gaseous  state.     The    carbonic    anhydride    thus  poured    out  by 
animals  as  a  refuse  and  poisonous  product,  supplies  food  and 
sustenance  to  the  vegetable  world,  which  in  its  turn  converts  the 
carbon  into  a  form  suitable  for  the  maintenance  of  life  in  animals. 
Each  great  division  of  animated  nature  is  thus  seen  to  be  essential 
to  the  well-being  and  even  to  the  support  of  the  other.     The  fuel 
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whicli  has  been  burned  and  dissipated  in  vapour  is  again  reduced 
to  the  solid  state^  and  by  the  agency  of  vegetable  life  it  is  once 
more  fitted  for  combustion  and  made  a  depository  of  fresh  energy 
derived  from  the  sun.  Plants  are,  in  fact,  the  grand  agents  by 
which,  under  the  influence  of  the  chemical  actions  of  the  sun's 
rays,  deoxidation  is  effected,  while  animals  are  the  channels 
through  which  recombination  with  oxygen  is  unceasingly  produced. 

(35a)  Diamond,  Sp.  Gr,  from  3*33  to  3*55. — Carbon  is  found 
in  its  purest  state  in  the  diamond,  which  occurs  crystallized  in 
forms  belonging  to  the  regular  system.  These  crystals  are  gene- 
rally derivatives  from  the  octohedron,  with  a  cleavage  parallel  to 
each  of  the  planes  of  the  octohedron ;  the  faces  are  often  convex, 
and  the  edges  are  generally  rounded,  or  lenticular,  as  they  are 
termed,  in  such  crystals.  Diamonds  usually  present  themselves 
under  the  appearance  of  semi-transparent  rounded  pebbles,  en- 
closed in  a  thin  brownish  opaque  crust.  The  gem,  when  freed 
from  this  coating,  is  generally  colourless ;  such  specimens  are  the 
most  prized ;  it  is,  however,  met  with  of  various  tints,  the  more 
common  of  which  are  yellow  and  different  shades  of  brown. 
The  most  famous  diamond  mines  are  those  of  Golconda  and 
Bundclcundin  India,  of  Someo,  and  of  the  Brazils.  The  origin 
of  the  diamond  is  entirely  unknown ;  it  is  not  probable  that  it 
has  been  formed  by  crystallization  after  fusion,  since  intense  heat 
reduces  the  diamond  to  the  form  of  graphite.  The  circumstances 
under  which  diamonds  are  found  in  nature  afford  no  clue  to  the 
process  of  their  formation.  They  have  been  found  imbedded 
here  and  there  in  a  fine-grained  quartzose  rock  (Itacolumite)  in 
Brazil,  but  with  few  exceptions  the  gem  is  found  scantily  in  an 
alluvial  matrix,  consisting  chiefly  of  sandstone  and  rolled  quartz 
pebbles,  from  which  the  diamonds  are  extracted  by  washing  and 
careful  sorting. 

Diamond  is  the  hardest  body  known,  crystallized  boron  ap- 
proaching it  most  nearly  in  this  respect :  it  is  cut  and  polished  by 
employing  its  own  powder  for  the  purpose.  The  fine  diamond 
dust  used  for  this  object,  after  mixture  with  a  little  olive  oil,  is 
spread  over  a  revolving  steel  plate,  and  the  diamond,  cemented 
into  a  suitable  support,  has  each  of  its  faces  in  turn  presented  to 
the  flat  face  of  the  disk. 

The  Koliinoor  diamond,  which  waa  cut  in  1852,  for  the  Queen,  was  im- 
bedded in  a  copper  vessel  of  about  the  size  of  a  teacup,  into  which  it  was 
cemented  with  a  mixture  of  equal  parts  of  tin  and  lead.  When  it  was  necessary 
to  change  the  position  of  the  gem,  the  solder  was  softened  by  immersing  the 
cop,  with  the  diamond  imbedded,  in  a  charcoal  fire,  and  heating  the  metal  till  it 
oasumed  a  coAsistence  resembling  that  of  wet  sand ;  in  order  to  cool  the  diamond 
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more  quickly,  it  was  planged  first  into  warm  water  and  then  into  cold  water ; 
the  catting  was  efiected  by  means  of  a  cast-iron  wheel  revolving  on  a  vertical 
axis  about  2400  times  per  minute ;  the  diamond  rested  upon  the  upper  surface 
of  the  wheel,  being  held  in  its  position  by  a  kind  of  vice,  and  the  pressure 
against  the  revolving  disk  was  increased  or  diminished  by  adding  or  removing 
weights.  From  time  to  time  the  face  of  the  diamond  was  touched  with  a  hair 
pencil  dipped  in  a  cream  of  diamond  dust  and  oil. 

The  most  important  use  to  which  the  diamond  is  applied  is  the  catting  of 
sheets  of  glass :  only  the  natural  face  of  the  crystal  can  be  employed  for  this 
purpose,  crystals  with  curved  faces  being  the  best ;  they  are  set  in  a  convenient 
handle ;  in  cutting,  a  line  is  traced  with  the  diamond  across  the  glass  in  the  proper 
direction;  slight  pressure  on  each  side  of  the  cut  then  determines  the  fracture  in  the 
right  direction*  A  true  cut  is  effected  by  such  a  diamond  if  properly  used, 
whilst  a  diamond  with  angles  obtained  by  cleavage  produces  only  a  superficial 
scratch  with  ragged  edges. 

The  diamond  has  a  very  brilliant  lustre  and  a  high  refracting 
power ;  it  is  a  non-conductor  of  electricity.  After  exposure  to 
sunshine^  many  specimens  emit  a  feeble  phosphorescent  light, 
which  may  be  seen  in  a  darkened  room.  In  vessels  from  which 
air  is  excluded^  it  may  be  heated  intensely  without  change.  If 
it  be  suspended  in  a  cage  of  platinum  wire^  heated  to  bright 
redness,  and  plunged  into  oxygen  gas,  it  will  bum  with  a  steady 
red  light,  and  with  the  production  of  pure  carbonic  anhydride. 
The  diamond,  however,  is  not  perfectly  pure  carbon :  it  always 
leaves  a  minute  yellowish  ash,  which  has  been  found  to  contain 
silica  and  ferric  oxide.  This  ash  has  generally  the  form  of  a 
cellular  network,  and  may  perhaps,  at  some  future  time,  assist  in 
determining  the  origin  of  this  valuable  gem.  No  heat  hitherto 
applied  suffices  for  the  fusion  or  volatilization  of  the  diamond,  or 
indeed  of  carbon  in  any  of  its  forms,  though  in  the  intense  heat 
of  the  voltaic  arc,  it  appears  to  be  mechanically  transported  from 
one  electrode  to  the  other  (280).  "WTien  the  diamond  is  intro- 
duced into  the  flame  of  the  voltaic  arc,  it  undergoes  a  remarkable 
change ;  as  soon  as  it  becomes  white  hot  it  begins  to  swell  up, 
loses  its  transparency,  suddenly  acquires  the  power  of  conducting 
electricity,  becomes  specifically  lighter,  and  is  converted  into  a 
black  opaque  mass,  resembling  coke.  The  density  of  a  diamond 
thus  altered  was  2*6778 ;  while  in  its  crystalline  condition  it  was 
3'336  (Jacquelain,  Ann.  de  Chimie,  III.  ix.  467).  The  heat  of 
the  oxyhydrogen  jet  was  found  to  be  insufficient  to  produce  this 
change. 

{353)  Grophite^  or  Plumbago  {Sp.  Gr.  from  2*35  to  2*15)  is 
a  second  form  in  which  carbon  occurs  native.  Its  once  cele- 
brated mine  at  Borrowdale  is  now  nearly  exhausted.  It  is  like- 
wiBe  found  in  Ceylon,  and  in  several  parts  of  the  United  States, 
always  in  rocks  belonging  to  the  earliest  formation.     It  has  also 
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been  met  with  abundantly  in  the  Batougal  mountains^  near  the 
frontier  of  China^  in  South  Siberia.  The  Borrowdale  graphite 
occurs  in  clay-slate ;  in  other  localities  it  is  imbedded  in  gneiss^ 
mica-slate^  or  granidar  limestone.  Graphite  occurs  either 
massive  or  in  six-sided  crystalline  plates  belonging  to  the  rhom- 
bohedral  system.  Carbon^  in  the  two  forms  of  diamond  and 
plumbago^  offers  an  excellent  instance  of  dimorphism ;  the  pro- 
perties which  it  displays  in  these  two  states  are  as  widely  dif- 
ferent as  those  of  any  two  dissimilar  elements.  Graphite  has  a 
metallic^  leaden-grey  lustre^  whence  its  familiar  name  of  blacks 
lead.  It  is  very  friable,  and  consequently  feels  unctuous  to  the 
touch,  and  leaves  traces  on  paper  upon  which  it  is  rubbed.  The 
particles  of  which  it  is  composed  are,  however,  extremely  hard, 
and  they  rapidly  wear  out  the  saws  employed  to  cut  it.  It 
appears  to  exist  in  two  distinct  modifications,  one  of  which,  like 
the  Borrowdale  graphite,  is  fine-grained  and  amorphous;  the 
other,  like  the  Ceylon  variety,  is  composed  of  small  flat  plates, 
imited  by  a  cementing  material ;  this  form  of  graphite  generally 
occurs  in  a  matrix  of  quartz  (Brodie).  Graphite  is  an  excellent 
conductor  of  electricity.  It  is  never  met  with  in  a  state  free 
from  foreign  admixture :  when  burned  in  oxygen  it  leaves  from 
2  to  5  per  cent,  of  ash,  which  generally  contains  quartz,  and 
oxides  of  manganese  and  iron ;  these  bodies,  however,  are  merely 
accidental  impurities.  The  fine-grained  amorphous  graphite  is 
highly  prized  for  the  manufacture  of '  lead  pencils ':  where  pieces 
of  suflScient  size  can  be  obtained  they  are  sawn  into  thin  slices, 
and  these  again  into  small  rectangular  prisms,  which  are  placed 
in  cedar  wood  for  use.  It  has  been  found  that  the  smallest 
fragments,  if  of  good  quality,  and  the  fine  powder,  may  be  again 
reduced  into  coherent  plates  by  subjecting  it  to  enormous  pres- 
sure, and  may  thus  be  fitted  for  the  manufacture  of  the  best 
pencils.  Black-lead  is  extensively  used  for  the  lubrication  of 
machinery,  and  as  it  is  quite  unaltered  by  exposure  to  the 
weather,  it  forms  a  serviceable  coating  to  protect  coarse  iron 
work  from  rust.  An  application  of  graphite  which  is  of  some 
importance  to  the  chemist,  is  its  use  in  the  manufacture  of  what 
are  termed  black-lead  crucibles,  or  blue-pots :  the  clay  employed 
in  making  them  is  mixed  with  a  coarse  kind  of  graphite ;  the 
pots  made  from  this  mixture  are  much  less  likely  to  crack  when 
heated  than  if  made  of  fire-clay  only. 

Brodie  [Ann.  de  Chimie,  III.  xlv.  351)  h&s  described  a  method  of  obtaining 
graphite  in  a  state  of  purity,  and  in  a  very  finely  divided  form.  It  consists  in 
mixing  coarsely-powdered  graphite  with  a  ibarteenth  of  its  weight  of  potassic 
chlorate ;  the  mixture  is  introduced  into  an  iron  pot,  and  diffused  through  a 
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quantity  of  oonoentrated  solphurio  acid,  eqaal  to  twice  the  weight  of  the  graphite 
employed.  The  mixtare  is  heated  over  a  steam  hath  so  long  as  any  peroxide  of 
ddorine  is  disengaged :  it  is  then  allowed  to  cool,  thrown  into  water,  and  washed 
thoroughly.  If  graphite  which  has  heen  suhjected  to  this  treatment  and  dried, 
be  heated  to  redness,  it  gives  off  gas,  increases  greatly  in  bulk,  and  becomes  re- 
duced to  an  exceedingly  fine  powder.  In  cases  in  which  the  graphite  was  origi« 
naUy  mixed  with  silica,  this  impurity  may  be  got  rid  of  by  adding  a  small 
quantity  of  sodic  fluoride  to  the  mixture  of  graphite  with  potassic  chlorate  and 
sulphuric  acid ;  the  silica  is  then  expelled  in  the  form  of  silicic  fluoride. 

It  appears  that  during  this  treatment  the  graphite  becomes  oxidized ;  and 
that  a  new  compound  of  carbon,  hydrogen,  and  oxygen  is  formed,  which  enters 
into  combination  with  the  sulphuric  acid,*  and  this  compound  is  decomposed  by 
ignition. 

The  graphitic  modification  of  carbon  may  be  obtained  artifi- 
cially by  several  processes.  When  cast  iron  is  melted  in  contact 
with  an  excess  of  charcoal^  it  takes  up  a  considerable  quantity  of 
it,  and  if  the  iron  be  allowed  to  cool  slowly,  the  carbon  crys- 
tallizes out  in  the  six-sided  plates  peculiar  to  graphite.  In  the 
manufacture  of  coal-gas,  those  parts  of  the  retort  which  are  ex- 
posed to  the  highest  temperature,  partially  decompose  the  gas  as 


*  This  oxidized  substance  may  be  obtained  in  a  state  of  purity  by  the  fol- 
lowing process  (Q.  J.  Cketn,  8oc.  xii.  261) : — Mix  intimately  i  part  of  finely 
powdered  Ceylon  graphite  with  three  parts  of  potassic  chlorate,  and  add  sufficient 
of  the  strongest  nitric  acid  to  render  the  mixture  fluid ;  after  which  expose  it  for 
three  or  four  days  to  the  heat  of  140^  (60°  C),  on  a  water  bath.  Exposure  of 
the  mixture  to  the  direct  rays  of  the  sun  abridges  the  time  required.  The 
residue  must  be  washed  with  water  freely,  dried,  and  subjected  four  or  five  times 
to  the  same  treatment 

Graphic  Acid  (C^jH^O,),  as  this  compound  is  termed  by  Brodie,  forms  yellow 
silky  plates,  which  are  insoluble  in  water  and  in  acids.  It  is  slowly  attacked  by 
ammonia  and  by  potash,  the  ammonia  gradually  combining  with  it,  forming  a 
gelatinous  body  susceptible  of  decomposition  by  acids,  which  occasion  the  sepa- 
ration of  a  white  gelatinous  mass. 

When  graphic  acid  is  exposed  to  a  temperature  of  between  500^  and  600^ 
(260^  and  320°  C),  it  undergoes  decomposition  with  almost  explosive  violence, 
with  evolution  of  heat  and  light,  giving  off  gas,  and  producing  an  exceedingly 
bulky,  flocculent,  sooty-looking  substance  which  still  retains  both  carbon  and 
hydrogen.  If,  in  order  to  regulate  the  heat  applied,  the  graphic  acid  be  placed 
in  paraffin  oil,  and  the  temperature  be  gradually  raised  to  270°  C,  the  hydro- 
carbon becomes  of  a  deep  red  colour,  and  the  acid  gives  off  water  and  carbonic 
anhydride,  leaving  a  substance  of  graphitoid  appearance,  consisting  of  C„H,0^ ; 
if  Uiis  new  body  be  further  heated  in  an  atmosphere  of  nitrogen,  water  and 
carbonic  oxide  escape^  leaving  a  residue  containing  C^H^O^^.  Even  if  heated  to 
redness  in  nitrogen,  it  retains  a  portion  of  oxygen  and  hydrogen,  giving  off  water, 
carbonic  anhydride,  and  carbonic  oxide. 

Brodie  considers  that  in  these  compounds  the  graphite  retains  its  allotropio 
state,  which  he  terms  Orapkon,  and  that  it  possesses  in  this  form  a  combining 
number  of  33,  with  the  symbol  Gr.  If  this  be  so,  graphic  acid  C^H^O,  might 
be  represented  as  Qr^H^O^  the  first  residue  C^H.O^  as  Gr,H,0^,  and  the  second 
C^U^O„,  as  Gr^H^Oji ;  graphic  acid  being  regarded  by  Brodie  as  analogous  to 
the  kydntad  oxide  of  siHcon  Si,H,0.  discovered  by  Wohler  and  Buff  (47 1  a.) 
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it  escapes ;  a  part  of  the  carbon  which  it  held  in  combination  is 
deposited^  and  by  degrees  a  layer  of  very  pure  dense  carbon  is 
formed,  possessed  of  a  lustre  resembling  that  of  a  metal.  The 
density  and  appearance  of  this  mass  vary  according  to  the 
temperature,  and  the  gaseous  pressure  to  which  it  has  been 
subjected. 

Pit  coal  is  a  substance  originally  of  vegetable  origin,  which 
has  become  altered  in  appearance  and  composition  by  the  com- 
bined action  of  heat  and  moisture  under  great  pressure.  The 
composition  of  coal  varies  considerably  according  to  the  extent  to 
which  these  decomposing  actions  have  advanced:  the  different 
varieties  of  coal  will  be  noticed  hereafter,  but  in  all  cases  it  con- 
sists, like  vegetable  matter  in  general,  of  carbon,  hydrogen,  and 
oxygen,  with  a  small  proportion  of  nitrogen ;  and  in  addition,  it 
contains  a  variable  quantity  of  saline  and  earthy  substances, 
which  always  exist  in  the  juices  of  plants,  besides  a  variable 
amount  of  iron  pyrites  or  ferric  disulphide  (FeS,).  These  saline 
matters  are  left,  when  the  coal  is  burnt  in  an  open  fire-place,  and 
constitute  the  ashes ;  whilst  the  carbon  and  hydrogen  are 
entirely  converted  into  carbonic  anhydride  and  water,  if  an 
adequate  supply  of  oxygen  from  the  air  be  furnished :  but  the 
burning  of  coal,  even  in  an  open  fire,  is  never  complete,  so  that 
it  gives  off  a  quantity  of  gaseous    and    tarry  matters,  holding 

finely  divided  carbon  or  soot  in  suspension. 

(35.3a)  Consumption  qf  Smoke. — When  a  quantity  of  fresh  coal  is  thrown 
Upon  a  hot  fire,  the  coal  immediately  hegins  to  undergo  decomponition ;  various 
compounds  of  carbon  with  hydrogen  being  abundantly  extricated  in  the  form  of 
gas  or  vapour :  a  portion  of  these  hydrocarbons  immediately  takes  fire  and  bums 
with  a  bright,  luminous  flame,  but  a  large  proportion  of  these  bodies,  on  coming 
into  contact  with  the  glowing  embers,  is  further  more  or  less  completely  decom- 
posed, the  carbon  and  hydrogen  experiencing  a  separation  from  each  other ;  the 
hydrogen,  which  is  the  more  combustible  element,  becomes  burned,  or,  if  the 
supply  of  oxygen  be  inadequate,  it  passes  ofi*  in  the  gaseous  form,  whilst  the 
carbon,  owing  to  the  minute  state  of  subdivision  of  its  particles,  is  carried  up  the 
chimney  suspended  in  the  current  of  heated  gases.  By  proper  care,  the  volumes 
of  black  smoke  ordinarily  poured  forth  from  the  chimneys  of  our  houses  and 
factories,  may,  however,  be  prevented,  and  the  annoyance  due  to  this  contamina- 
tion of  the  atmosphere  in  our  lai'ge  towns  to  a  great  extent  obviated ;  whilst  a 
considerable  saving  of  fuel  may  at  the  same  time  be  effected. 

The  principles  involved  in  the  prevention  of  smoke  are — 1st,  the  supply  of 
fuel  in  small  quantity  at  a  time,  taking  care  to  maintain  a  strong,  steady  fire,  in 
order  that  the  gases  may  be  burned  as  fast  as  they  are  generated ;  and,  2nd,  the 
Supply  of  an  adequate  quantity  of  atmospheric  air.  The  latter  condition  is  not 
80  easily  accomplished  in  the  furnaces  of  the  manufacturer  as  might  be  supposed. 
The  regulated  supply  of  fuel  in  small  quantities  may  obviously  be  ensured  by 
due  care  on  the  part  of  the  stoker,  but  it  requires  more  labour  and  attention 
than  is  usually  bestowed  by  him.  Various  contrivances  have  been  from  time  to 
time  invented  for  effecting  the  prevention  of  smoke,  one  class  of  these  having  for 
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theii  object  the  r^fnlar  supply  of  fuel  bj  mechanical  meuiH,  m  is  proposed  by 
Jacket'*  appuatua,  the  essential  points  of  which  are  shown  in  section  in  fig.  2g6. 


Fig  296 


^e  fire-ban,  B  B,  in  this  case  consist  of  a  series  of  endless  ehuns,  which  are 
sairied  rery  slowly  forward  by  machinery  connected  with  the  toothed  wheela 
w,  w.  A  ooDtinnoas  but  very  gradual  supply  of  fuel  is  furnished  irom  the 
hopper,  a,  in  front  of  the  fnmace,  aud  the  amount  of  coal  thus  admitted  Is  re- 
gulated by  ruaring  or  loweriug  the  door  s.  This  apparatus  fulfils  its  object  well, 
bvt  the  wear  and  tear  of  the  fire-bare  is  considerable. 

In  another  class  of  smohe- burning  contrivauces,  the  otgect  is  to  bum  the 
imoke  which  is  formed  in  small  quantity,  by  supplying  air  at  a  high  temperature  to 
the  nobnmt  gases 

t*  they  escape  from  Fie  397 

tfacGTV-plaeek  Fig 
297  represents  n 
section  the  plan 
adopted  by  Hr 
F  C  H  Us  for  a)^ 
taming  this  object 

The  coal  a 
thrown  mto  the 
fire  by  hand  but 
ID  moderate  qnau 
btMS  at  a  time 
Um  fire  door  1 
being  perforated 
fbr  the  admission 
«r  air.  The  fire- 
bars, B  B,  are  tubular,  and  allow  the  passage  of  ait  into  the  channel,  c,  which 
opcna  into  the  chimney  just  behind  the  bridge,  B,  of  the  fire-grate ;  the  air 
beoomea  heated  as  it  passes  through  the  tubular  bars,  and,  if  the  quantity  th|ia 
admittri  ia  not  snffident  to  complete  the  combustion  of  the  unbu'roed  gassona 
■  they  escape,  more  ur  can  be  supplied  from  below  by  fusing  the 


(353  i)  Coie. — When  the  eoal  is  heated  in  long  cloaed  iron 
cylinden,  so  constracted  as  to  exclude  atmoapheric  air,  hut  to 
allow  free  escape  for  volatile  matters,  a  laige  qnantity  of  gaseous 
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substances^  containing  the  oxygen,  hydrogen,  and  nitrogen,  with 
a  part  of  the  carbon  of  the  coal,  passes  off,  while  the  greater  pro- 
portion of  the  carbon  remains  behind,  and  constitutes  coke,  which 
is  the  only  one  of  the  products  that  will  be  noticed  at  present. 
Coke  is,  chemically,  the  same  substance  as  the  graphite  deposited 
from  the  gas,  but  in  a  less  pure  form,  owing  to  the  earthy 
matters  which  are  mixed  with  it.  As  a  fiiel  coke  is  often  to  be 
preferred  to  coal,  since  it  bums  without  emitting  any  visible 
smoke ;  it  has  also  the  advantage  of  not  swelling  or  caking  to- 
gether when  heated,  and  thus  the  danger  of  choking  the  draught 
is  avoided.  The  higher  the  temperature  to  which  coke  is  ex- 
posed during  its  manufacture,  the  more  dense  does  it  become,  and 
the  better  is  it  fitted  for  producing  a  steady  and  intense  heat, 
when  burned  as  fuel;  though  tmless  the  supply  of  air  be 
tolerably  abundant,  it  bums  less  freely  in  this  dense  condition 
than  when  less  compact.  In  order  to  furnish  a  co^e  suited  for 
the  use  of  locomotive  engines,  it  is  customary  to  construct  coke 
ovens,  which  are  usually  built  of  brick,  and  lined  with  fire-bricks, 
the  walls  being  from  2  to  ^  feet  (6  to  9  decimetres)  in  thickness, 
to  economize  heat:  and  this  object  is  further  efiected  by 
building  several  ovens  together  in  one  continuous  piece  of 
masonry.  One  of  these  ovens,  12  feet  (37  metres)  in  internal 
diameter  and  4  feet  (1*24  metres)  in  height,  will  convert  3 J  tons 
(or  about  3500  kilog.)  of  coal  into  coke  in  forty-eight  hours. 
The  oven  has  a  sliding  door  in  front,  for  the  purpose  of  intro- 
ducing and  withdrawing  the  charge,  and  for  regulating  the  ad- 
mission of  air,  which  plays  over  the  surface  of  the  heap  and 
bums  off  the  volatile  matters  before  their  escape  by  a  short 
chimney.  The  combustion  proceeds  gradually,  from  above 
downwards :  in  about  forty  hours  after  commencing  the  opera- 
tion, the  door  is  completely  closed,  and  the  ftimace  left  for  five 
or  six  hours ;  at  the  end  of  that  time  the  coke  is  withdrawn  and 
quenched  with  water.  A  bituminous  coal,  like  the  Newcastle 
coal,  frimishes  in  this  way  a  very  dense  lustrous  coke,  which 
splits  into  long  columnar  masses  or  prisms,  as  the  temperature  in 
the  oven  gradually  falls  when  the  door  is  closed.  A  fresh  charge 
is  introduced  into  the  oven  while  its  walls  still  remain  red  hot. 
The  coke  is  never  melted  in  this  operation,  and  the  appearances 
of  ftision  which  it  frequently  exhibits  are  due  to  the  liquefaction, 
by  heat,  of  the  bituminous  portions  of  the  coal,  before  they  have 
undergone  carbonization.  A  very  pure  form  of  carbon  is  fre- 
quently observed  in  the  fissures  of  the  mass,  in  the  form  of  black 
fibres,  closely  resembling  horsehair  in  appearance. 
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Coke  may  also  be  prepared^  though  with  less  advantage^  by  a 
smothered  combustion  of  the  coal  in  heaps^  in  a  manner  similar 
to  that  practised  in  making  charcoal.  Coke  is  subject  to  great 
variation  in  appearance  and  bulk^  this  variation  depending  on  the 
kind  of  coal  employed  in  producing  it :  it  is^  however^  nearly 
always  more  bulky  than  the  coal  that  yields  it. 

(354)  Charcoal:  Amorphous  carbon, — Carbon  also  exists  in  a 
third  form^  distinct  from  that  of  graphite^  and  in  this  state  it  is 
amorphous^  or  entirely  destitute  of  crystalline  structure.  Lamp^ 
black  is  a  variety  of  this  kind  of  charcoal ;  it  is  largely  manu- 
factured by  heatings  in  an  iron  pot^  vegetable  matters  rich  in 
carbon,  such  as  resin  or  tar ;  the  vapours  thus  disengaged  are 
kindled,  and  burned  in  a  current  of  air  insufficient  for  their  com- 
plete combustion ;  the  hydrogen  which  these  bodies  contain, 
being  the  more  inflammable  ingredient,  burns  off  first,  leaving 
the  carbon  in  the  form  of  a  very  finely-divided  powder,  such  as 
that  which  constitutes  the  visible  portion  of  smoke.  The  smoky 
products  of  this  imperfect  combustion  are  made  to  pass  through 
a  large  chamber,  the  walls  of  which  are  covered  with  coarse 
dotii,  and  here  the  lamp-black  is  deposited.  Lampblack  always 
retains  a  portion  of  some  incompletely  burned  compounds  of 
carbon  and  hydrogen.  The  purest  form  in  which  finely  divided 
carbon  can  be  obtained  for  chemical  purposes  is  furnished  by 
passing  the  vapour  of  oil  of  turpentine  or  of  ether  slowly  through 
tubes  maintained  at  a  full  red  heat ;  a  fine  powder  of  charcoal  is 
deposited  within  them ;  but  this,  also,  even  if  again  heated  in- 
tensely in  closed  vessels,  always  retains  traces  of  hydrogen. 

Tinder  is  another  variety  of  carbon  in  the  amorphous  or  non- 
crystalline form ;  but  the  most  important  variety  is  Wood  Char^^ 
coal,  which  is  largely  manufactured  by  heating  billets  of  wood  to 
dull  redness  in  cast-iron  cylinders,  set  in  the  furnace  either  ver- 
tically or  horizontally,  and  provided  with  a  tightly  fitting  lid  at 
one  end.  The  best  plan  consists  in  enclosing  the  wood  to  be 
charred  in  a  second  lighter  case ;  this  can  be  easily  introduced 
into  and  withdrawn  from  the  fixed  cylinder,  which  is  set  in  ma- 
sonry, and  protected  from  the  direct  action  of  the  flame  by  a 
casing  of  fire-brick.  From  this  kind  of  iron  retort  proceeds  a  tube 
connected  with  a  condensing  apparatus,  where  the  liquid  products 
of  the  decomposition  may  be  arrested,  whilst  the  uncondensible 
gases  pass  on,  and  are  directed  into  the  fire-place,  in  which 
they  are  consumed.  After  the  heat  has  been  continued  for  four 
or  five  hours,  the  end  of  the  outer  cylinder  is  removed,  the  inner 
with  its  charge  is  withdrawn,  and  the  whole,  whilst  still  red 
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hot,  plunged  into  an  extingoislier  or  iron  case,  provided  -with  a 
tightly  fitting  lid,  which  protects  it  from  the  action  of  the  air ;  in 
this  condition  it  is  left  to  cool  gradually. 

In  countries  where  wood  is  abundant,  the  charcoal  is  manu« 
factured  by  a  much  ruder  method.  A  plot  of  ground  is  levelled 
in  or  near  the  forest,  a  stake  is  driven  into  the  ground,  and  a 
quantity  of  brushwood  having  been  placed  around  its  base,  logs 
of  wood  are  piled  up  regularly  round  the  stake  so  as  to  form  a 
mound,  which  is  partially  covered  up  with  powdered  charcoal, 
leaves,  turf,  and  earth;  the  heap  is  then  fired  by  introducing 
lighted  fagots  into  an  aperture  left  at  the  base  of  the  mound  for 
this  purpose :  large  quantities  of  moisture  are  presently  exhaled, 
and  when  the  whole  mass  is  thoroughly  ignited,  it  is  still  more 
closely  covered  up  from  the  air,  the  workmen  regulating  the  ad« 
mission  of  air  as  circumstances  require ;  it  is  then  allowed  to  bum 
out.  When  quite  cold,  the  earth  employed  to  stifle  the  combus- 
tion  is  removed,  and  the  charcoal  is  fit  for  use.  The  combustion 
of  one  part  of  the  wood  is  thus  employed  as  a  source  of  heat  for 
charring  the  rest.  Charcoal  prepared  in  this  manner  is,  for  the 
purposes  of  fuel,  preferable  to  that  made  in  cylinders ;  it  is  denser 
and  is  more  completely  deprived  of  volatile  matters,  because  the 
heat  to  which  it  is  exposed  is  much  more  intense,  and  is  con- 
tinued for  a  much  longer  period.  If  the  diameter  of  the  heap  be 
lo  metres  or  more,  the  operation  is  not  complete  in  less  than  a 
month.  A  slow  combustion  is  found  to  yield  more  charcoal  than 
one  which  is  rapidly  eflfected.  The  resulting  charcoal  retains  the 
form  of  the  wood,  but  it  is  much  reduced  in  size,  generally  not 
amotmting  to  more  than  three-fourths  of  the  bulk  of  the  wood, 
and  never  exceeding  one-fourth  of  its  weight. 

Experience  shows  it  to  be  much  more  economical  to  employ 
dry  wood  in  the  preparation  of  charcoal,  than  wood  in  its  green 
condition.  Karsten  found  that  loo  parts  of  recently  felled  wood, 
by  drying  at  2 1 3^,  lost  57  parts ;  by  raising  the  temperature  to  302^ 
(150°  C),  the  loss  upon  the  original  weight  amounted  to  not  less 
than  67  parts ;  and  the  33  parts  of  dry  residue  when  charred  left 
25  parts  of  charcoal ;  but  100  parts  of  the  same  wood,  if  charred 
without  any  preliminary  drying,  left  only  14  parts  of  charcoal. 
This  remarkable  difference  in  produce  depends  upon  the  decom- 
posing action  of  charcoal  at  a  high  temperature  upon  water,  in 
consequence  of  which  much  of  the  carbon  escapes  in  the  gaseous 
state  in  the  form  of  carbonic  oxide,  whilst  the  hydrogen  of  the 
water  also  passes  off  as  gas. 

The  object  of  preparing  charcoal  as  a  fuel  is  to  get  rid  of  mois- 
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tare  and  volatile  matters^  wliich^  at  the  moment  of  their  formation^ 
greatly  rednce  the  temperature  of  the  burning  mass,  owing  to  the 
large  quantity  of  heat  which  they  carry  off  in  the  latent  state. 
Charcoal  also  contains  in  the  same  bulk  a  larger  amount  of  carbon 
than  the  wood  which  furnished  it^  and  by  supplying  a  more  com^ 
pact  fuel  concentrates  into  a  smaller  space  the  heat  which  it  emits^ 
a  condition  which^  in  metallurgical  operations  demanding  a  high 
temperature,  is  oflen  of  the  greatest  importance. 

In  the  economy  of  material  to  be  used  as  a  combustible  it  is 
not  sufficient  to  consider  simply  the  absolute  amount  of  heat  which 
a  given  weight  of  the  fuel  emits  whilst  burning.  The  radiating 
power  of  a  solid  mass  of  fuel  is  much  higher  than  that  of  a  gaseous 
combustible,  but  the  temperature  of  flame  is  very  high.  A  fuel 
which  bums  with  flame  is  therefore  necessary  where  it  is  needful 
to  communicate  an  elevated  temperature  to  objects  at  a  distance 
firom  the  fire-grate,  or  to  raise  large  masses  to  a  uniform  tempe- 
rature. Wood  and  bituminous  coals  are,  consequently,  particu- 
larly useful  in  the  glass  furnace  and  in  the  porcelain  kiln ;  whilst 
in  heating  boilers,  and  objects  in  which  direct  radiation  can  act 
with  its  full  effect,  coke,  anthracite,  and  coal  which  bums  with 
but  little  flame,  are  especially  valuable.  In  an  ordinary  open  fire, 
these  flameless  coals  are  also  the  most  useful,  as  the  heat  is  thrown 
off  by  them  into  the  room  most  completely,  instead  of  being  car- 
ried up  the  chimney  with  the  gaseous  products. 

Charcoal  never  consists  solely  of  pure  carbon.  According  to 
the  experiments  of  Violette,  lOO  parts  of  black  alder  {bourdaine) 
wood,  charred  at  the  following  temperatures,  gave  amounts  of 
charcoal  progressively  diminishing ;  but  the  per-centage  of  carbon 
in  the  residual  charcoal  was  found  to  increase,  as  shown  in  th^ 
table. 


Temperature  of  charring. 

Per-centase  of 
charcoal. 

Per-centage  of  car- 
bon in  charcoal. 

C9. 

F^. 

250 
300 

1500 

1 

482 

57a 

752 
2732 

50 

33 

20 

15 

65 

73 
80 

96 

A  peculiar  kind  of  charcoal,  but  imperfectly  burned,  and  of  a  reddi Ah*  brown 
eoloar,  termed  by  the  French  charhon  roux,  is  occasionally  prepared  for  the 
manufacture  of  the  gunpowder  used  for  sporting  purposes.  Powder  made  with 
this  charcoal  absorbs  moisture  more  rapidly  than  ordinary  gunpowder.  Charhon 
nmx  is  procured  by  forcing  steam,  under  a  pressure  of  about  two  atmospheres, 
through  a  ooil  of  heated  pipe,  and  directing  this  super-heated  steam,  at  about 
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536^  (280°  C.)»  into  the  iron  cylinder  oontaining  the  wood :  in  a  few  hours  the 
charring  of  the  wood  in  effected.  The  foUowing  b  stated  by  Begnault  to  be  its 
average  composition  in  100  parts  :— 

Carbon      ...         •••  •••  •••  •••  7^*4^ 

Hydrogen             •••  ...  ...  ...  4*85 

Oxygen  and  Nitrogen  ...  •••  •••  22*91 

xLsn         - •••          ■••  •••  '...  •••  o  02 

Animal  Charcoal,  or  ivory  blacky  is  prepared  by  heating  bones 
in  cylinders  in  a  manner  similar  to  that  employed  for  wood 
charcoal. 

(355)  General  Properties  of  Carbon. — Carbon  in  all  the  forms 
above  mentioned  is  chemically  the  same.    At  atmospheric  tempera- 
tures it  is  one  of  those  substances  in  which  chemical  attraction 
exhibits  least  activity ;  consequently  a  superficial  charring  is  fre- 
quently resorted  to  with  a  view  to  protect  wood  from  decay,  as  in 
the  case  of  piles  which  are  driven  into  mud  or  into  the  beds  of 
rivers,   to  serve  as  foimdations.     For  the  same  reason  it  is  a 
common  practice  to  char  the  interior  of  tubs  and  casks  destined 
to  hold  liquids.     Lampblack  furnishes  the  most  indestructible  of 
black  pigments,  and  has  long  been  employed  on  this  account  as 
the  basis  of  printing  ink.     The  diamond  is  a  non-conductor  of 
electricity ;  in  its  other  forms  carbon  is  an  excellent  conductor, 
ranking  next  to  the  metals  in  this  respect.     In  a  state  of  fine 
subdivision  it  is  a  bad  conductor  of  heat,  but  its  conducting  power 
increases  with  its  density.     Finely  divided  charcoal  is  usually 
stated  to  have  strong  antiseptic  powers.    It  certainly  has  a  remark- 
able   action    upon    putrescible    substances;    but    Stenhouse  has 
shown  that  this  action   consists  in  a  rapid  process  of  oxidation, 
dependent  upon  the   power   which   charcoal,   when  in  a  finely 
divided  state,  possesses  of  condensing  oxygen.   The  ofiensive  eflBuvia 
from  animal  matter  in  an  advanced  stage  of  putrefaction  disappear 
when  the  putrefying  substance  is  covered  with  a  layer  of  charcoal ; 
it  continues  to   decay,  but  without  emitting  any  odour,  till  at 
length  all  the   carbon  is  dissipated  as  carbonic  anhydride,  the 
hydrogen  as  water,  and  the  nitrogen  remains  as  a  nitrate.     The 
remarkable  power   possessed  by   charcoal   of  absorbing  various 
bodies,  particularly  colouring  matters  and  many  bitter  principles, 
when  in  a  finely  divided  state  (54),  as  well  as  its  property  of  con- 
densing a  large  proportion  of  gaseous  matters  within  its  pores  (65), 
has  been  already  mentioned.      So  rapid  is  this  action,  that  Sten- 
house has  proposed  to  use  a  respirator  filled  with  charcoal,  to  pro- 
tect the  mouth  and  nostrils  in  an  infected  atmosphere;    and  the 
employment  of  trays  of  powdered  wood  charcoal  in  dissecting- 
rooms,  in  the  wards  of  hospitals,  and  in  situations  where  putrescent 
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animal  matter  is  present^  is  found  to  exert  a  most  beneficial  influ- 
ence in  sweetening  the  atmosphere  by  absorbing  and  decomposing 
the  offensive  gases.  These  properties  render  charcoal  a  vsJuable 
material  in  the  construction  of  filters^  not  only  for  decolorizing 
purposes^  but  likewise  for  assisting  in  purifying  water  for  domestic 
use.  It  is  now  also  employed  successfully  to  prevent  the  escape 
of  noxious  vapours  at  the  ventilating  openings  of  the  sewers^  as  it 
allows  the  free  passage  of  air^  but  condenses  the  offensive  effluvia 
in  its  pores^  where  they  are  destroyed  by  a  process  of  oxidation. 
It  will  continue  active  for  years  if  kept  dry. 

Carbon  is  usually  regarded  as  neither  fusible  nor  volatile ;  but 
in  the  course  of  some  experiments  with  a  voltaic  battery  of  intense 
energy,  consisting  of  600  ceUs  of  Bunsen's  construction,  connected 
so  as  to  form  a  battery  of  100  pairs  of  6  cells  each,  Despretz  found 
on  operating  upon  carbon  points  in  an  exhausted  receiver,  that  the 
vessel  became  filled  with  a  dark  cloud,  which  was  deposited  upon 
the  sides  of  the  glass  as  a  black  crystalline  powder;  and  by  ex- 
posing charcoal  obtained  from  pure  sugar,  or  from  essence  of  tur- 
pentine, to  the  action  of  the  battery  in  a  small  crucible  of  pure  char- 
coal connected  with  the  positive  electrode,  the  whole  of  the  charcoal 
powder  became  cemented  into  a  coherent  mass  which  appeared  to 
have  been  fused,  and  which  exhibited  the  properties  of  graphite. 

At  high  temperatures  carbon  combines  rapidly  with  oxygen, 
and  will  remove  it  from  a  great  number  of  its  compounds,  espe- 
cially  from  the  oxides  of  the  metals ;  hence  the  various  forms  of 
carbon  are  very  extensively  employed  in  the  reduction  of  these 
substances  to  Uie  metallic  condition.  The  deoxidizing  power  of 
carbon  is  sometimes  exerted  at  the  ordinary  temperature  of  the 
air.  Schonbein  found  that  ferric  salts  may  be  reduced  to  the 
condition  of  ferrous  salts,  by  simply  agitating  their  solutions  with 
charcoal  powder,  and  the  mercuric  are,  in  like  manner,  converted 
into  mercurous  salts.  Charcoal  decomposes  steam  at  a  red  heat ; 
hydrogen  is  liberated,  and  a  mixture  of  carbonic  oxide  and  car- 
bonic anhydride  is  formed. 

It  was  long  supposed  that  sulphur  is  the  only  non- metallic 
element  besides  oxygen  with  which  carbon  can  be  made  to  unite 
directly,  and  a  high  temperature  is  required  in  this  case  also  to 
effect  the  combination.  The  experiments  of  Bcrthelot  haVe 
proved  that  by  igniting  charcoal  intensely  by  means  of  the  voltaic 
arc  in  a  current  of  pure  hydrogen,  a  particular  hydrocarbon, 
acetylene,  C^H^  is  formed. 

The  compounds  of  carbon  with  the  metals  are  termed  car- 
bwrets  or  carbides. 

II.  G 
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(356)  Synthem  of  Carbonic  Anhydride. — Since  a  knowledge 
of  tbe  compoBitioQ  of  carboaic  anhydride  is  a  fundamental  datum 
for  tlie  analysis  of  organic  compounds,  the  proportion  in  which 
oxygen  combines  vith  carbon  to  produce  carbonic  anhydride  has 
been  determined  with  the  greatest  care,  by  the  combustioa  of 
weighed  quantities  of  diamondj  of  graphite,  and  of  charcoal,  in  a 
stream  of  dry  oxygen. 

The  apparatus  emplojed  for  this  purpose  is  indicated  in  fig.  398.  a  r*- 
preseoti  a  gat-holder  filled  with  oxygen;  b  a  tube  contiuning  firagments  of 


Fio.  398. 


caustic  potash,  or  pamice-stone  moisteued  with  aulphoric  acid,  for  removing  all 
traces  of  moisture  fiom  the  oi;gen  ;  0  <{  is  a  tube  of  hard  glasx  traversing  tbe 
sheet-iron  furnace,  E.  At  c  is  a  platinum  traj  containing  the  weighed  portion 
of  diamond  or  graphite  ;  the  front  of  the  tube,  d,  is  oocupied  bj  a  colomn  of 
cupric  oiide,  the  object  of  which  it  to  oxidize  complete!;  anj  trace  of  carbonic 
oxide  which  might  be  formed.  The  apparatus  is  filled  with  dr;  oijgen  by 
opening  the  stopcock  of  the  gaa-bolder,  1,  to  a  regulated  distance,  and  the  fore- 
part of  the  tube,  d,  it  hronght  to  a  red  heat  by  meant  of  heated  charcoal ;  the 
heat  is  then  applied  to  the  spot,  c,  where  the  carbon  lies.  The  carbon  burns  and 
beoomes  converled  into  carbonic  anhydride,  which  traverses  the  column  of  heated 
cupric  oiidej  P  it  a  weighed  tube,  filled  with  calcic  chloride,  which,  if  water 
were  present,  would  be  found  to  iocrease  in  weight,  bnt  in  which  no  depoiut  of 
moittnre  it  formed  if  the  eiperiment  he  properly  oandncted.  The  oarbonic 
anhydride  passes  on,  and  in  absorbed  by  a  strong  solntion  of  potash  contained  in 
the  bnlbn  of  the  Liebig'a  apparatus,  shown  at  G.  Tbe  excess  of  oxygen  absorbs 
moisture  as  it  passes  through  Ibis  liquid,  but  before  it  is  allowed  to  escape  into 
the  air  it  is  rendered  perfectly  dry  by  caosing  it  to  pass  through  aa  addition^ 
tube,  H,  filled  with  fragments  of  caustic  potaiili.  The  increase  in  weight  acquired 
by  the  tubes  a  and  h  furnishes  the  weight  of  the  carbonic  anhydride  correspond- 
ing to  the  quantity  of  carbon  consumed,  soil  tbe  quantity  of  carbon  burned  is 
ascertained  by  weighing  the  platinum  tray  and  its  contents  after  the  experiment 
has  terminated. 

By  experiments  conducted  npon  this  principle  it  has  been  de- 
termined that  12  parts  of  carbon  require  for  conversion  into 
carbonic  anhydride  exactly  52  parts  of  oxygen  (Dumas  and  Stas ; 
Ann.  de  Ckimie,  III.  i.  5}. 
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Diamond^  graphite^  and  charcoal  are  thus  shown  to  be  che- 
mically the  same  substance,  though  they  differ  entirely  in  pro- 
perties; these  three  conditions  being  allotropic  modifications  of 
carbon  (87),  the  differences  in  properties  arising  not  from  differ- 
ences in  their  chemical  nature,  but  in  their  molecular  arrangement. 

If  a  piece  of  pure  carbon  be  burned  in  a  jar  of  oxygen  over 
mercury,  it  will  be  found  after  the  combustion  is  over,  and  the 
gas  has  cooled  to  the  initial  temperature  of  the  oxygen,  that  its 
volume  has  undergone  no  permanent  change :  the  bulk  of  the 
oxygen,  therefore,  is  not  altered  by  this  combination;  the  car- 
bonic anhydride  which  is  formed  occupies  precisely  the  same 
space  as  the  oxygen  which  has  entered  into  its  composition. 

(357)  Carbonic  Oxide:  (CO =28);  Sp.  Gr.  0967;  Atomic 
and  MoL  VoL  {  \  ~j  Bel,  wt,  14. — It  has  been  stated  that  car- 
bonic anhydride  is  wholly  deprived  of  its  oxygen  when  heated 
with  potassium ;  but  if  some  metal,  such  as  zinc  or  iron,  which 
has  a  less  powerfiil  attraction  for  oxygen,  be  substituted  for  the 
potassium,  the  carbonic  anhydride  will  only  be  partially  deoxidized; 
the  metal  will  deprive  it  of  exactly  half  the  oxygen  which  it  con- 
tains, and  a  new  gaseous  body,  termed  carbonic  oxide,  will  be 
produced.  The  bulk  of  this  new  gas  is  exactly  equal  to  that  of 
the  carbonic  anhydride  that  furnished  it.  Carbonic  oxide,  mixed 
with  free  hydrogen,  is  also  obtained  abundantly  when  steam  is 
transmitted  over  charcoal  heated  to  bright  redness;  C4-HoO= 
CO  +  H,. 

Preparation. — i.  Carbonic  oxide  may  be  conveniently  pre- 
pared by  mixing  powdered  chalk  with  an  equal  weight  of  iron  or 
sine  filings,  and  exposing  the  mixture  to  a  red  heat  in  a  gun- 
barrel.  The  chalk  when  ignited  gives  off  carbonic  anhydride, 
which  in  contact  with  the  heated  metal  is  decomposed ;  oxide  of 
iron  or  of  zinc  is  formed,  quick-lime,  remains  in  the  retort  mixed 
with  the  metallic  oxide,  and  the  carbonic  oxide  gas  after  being 
washed  with  water  containing  slaked  lime  in  suspension,  with  a 
view  to  absorb  any  undecomposed  carbonic  anhydride,  may  be 
collected  over  water,  in  which  it  is  but  slightly  soluble.  These 
chemical  changes  may  be  represented  in  the  following  manner 
when  zinc  is  used;  CaCOj  +  Zn=CaO+ZnO  +  CO. 

2. — Carbonic  oxide  is  often  produced  abundantly  in  the  ordi- 
nary process  of  combustion  in  stoves  and  furnaces :  this  mode  of 
its  formation  is  important,  for  it  exercises  a  material  influence 
upon  the  economy  of  combustion,  inasmuch  as  all  the  carbonic 
oxide  thuB  carried  off  unbumt  represents  so  much  fuel  wasted ; 
while  in  many  metalliu^c  operations  the  carbonic  oxide  so  pro* 

o  2 
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duced  plays  a  conspicuous  part  in  the  reduction  of  the  ore  to  the 
metallic  state,  the  oxides  of  iron,  lead,  copper  and  many  other 
metals,   being   reduced  when   heated   with   it,  whilst   carbonic 
anhydride  is  formed.     It  is  owing  to  the  production  of  carbonic 
oxide  that  anthracite  can  be  employed  in  roasting  the  copper 
ores  at  Swansea,  flame  being  essential  to  the  due  performance  of 
the  process  (869).     The  formation  of  carbonic  oxide  in  an  open 
fire  which   is  burning  steadily  without  emitting  smoke  is  often 
evidenced  by  the  flickering  blue  flame  seen  playing  over  the 
glowing  embers.     In  this  case  carbonic  anhydride  is  first  formed 
at  the  bottom  of  the  grate,  from  the  free  access  of  air  to  this 
part  of  the  burning  fuel ;  but  the  carbonic  anhydride  as  it  tra- 
verses    the    red-hot    coke    enters    into    combination    with    an 
additional  quantity  of  carbon,  and  the  anhydride  losing  half  its 
oxygen,  is  converted  into  its  own  bulk  of  carbonic  oxide  :  at  the 
same  time  the  carbon  of  the  heated  fuel  which  has  entered  into 
combination  with  this  removed  oxygen  furnishes  another  equal 
quantity  of  the  same  gas :  the  heated  carbonic  oxide  takes  fire 
as  soon   as  it  mixes  with  the  air  which  passes  over  the  upper 
surface  of  the  fire.     The  reaction  between  the  hot  carbon  and 
carbonic  anhydride  may  be  thus  represented:  C0g+C  =  i2C0. 

3. — K  one   of  the  formiates  be  treated  with  oil  of  vitriol, 
pure  carbonic  oxide  is  obtained ;  for  instance  : — 

Sodio  fonniste.  Solph.  acid*       Carb.  oxide.       Sodio  Bnlphftte.  Wster. 


:jNaCHO,    +    H^SO^  =  2CO  +    Na^SO^  +    aHfi. 

4. — Carbonic  oxide  may  also  be  formed  in  several  other 
ways.  Half  an  ounce  (15  grms.)  of  the  yellow  prussiate  of  potash, 
if  heated  in  a  retort  with  4  or  5  ounces  (140  grms.)  of  oil  of 
vitriol,  yields  more  than  a  gallon  (4  or  5  litres)  of  the  pure  gas 
(Pownes).  Care  is  requisite  in  applying  the  heat,  because  when 
the  temperature  rises  to  a  certain  point  the  extrication  of  the 
gas  takes  place  with  tumultuous  rapidity.  The  reaction  is  in  this 
case  of  a  complicated  nature,  but  is  expressed  by  the  annexed 
symbols ; — 

PoUssio  ferrooyanide.  Water.  Balphorio  acid. 

k^FeCX  +    6Hp    +  '6H,S0^  = 

Carbonio  oxide.       Potassio  sulphate.       Perrons  sulphate.  '  Anunonio  sulphate. 

6CO      +      2kJo^     -f   1^^     +     3[(H,N),s6j. 

5. — Another  method  by  which  carbonic  oxide  may  be   ob- 
tained wilh   facility  consists  in   heating  oxalic  acid  with  5  or  6 
times  its  weight  of  oil   of  vitriol.     The  oxalic  acid  is  thus  de- 
prived  of  the  elements  of  water,  and  is  resolved  into  a  gaseous 
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mixture  consisting  of  equal  measures  of  carbonic  anhydride  and 
carbonic  oxide :  hy  allowiiig  the  mixed  gases  to  pass  through  a 
venel  filled  with  a  solution  of  potash,  or  with  milk  of  lime,  the 
eatbooic  anhydride  is  absorbed,  and  the  carbonic  oxide  may  be 
odlected  in   a  state  of  purity.     The  decomposition  may  be  thos 


Onliaa^.  Witar.       CirtLoiUa.   Cub.  uhTdridB. 

HjCjO/  -  H 3  =  'co'  +     CC^ 

A  conTenient  mode  of  washing  the  gas  is  shown  at  b,  fig.  21)9  ; 
the  bent  tabe  is  connected  to  the  neck  of  the  retort,  a,  and 
pssaes  to  the  bottom  of  a  wider  tube,  c,  open  both  at  top  and 
bottom,  which  passes  into  the  washing  bottle,  d  :  a  moveable  gas- 
tight  joint,  which  can  be  mounted  or  dismounted  in  a  moment, 
ii  thus  obtained. 

Fie.  igg. 


Properiitt. — Carbonic  oxide  is  a  transparent  colourless  gw, 
with  a  &int  oppressive  odour.  It  is  much  lighter  than  carbonic 
anhydride,  having  a  specific  gravity  of  0*967  (Wrede.)  All 
attempts  at  its  liqne&ction  have  as  yet  been  unsDCcesafiil.  It  is 
but  very  sparingly  soluble  in  water,  100  volumes  of  this  liquid 
dissolving  3"a8  volumes  at  34°,  and  2*43  at  59°(i5°  C.)  (Bunsen). 
When  respired,  even  though  largely  diluted  with  air,  it  acts  as  a 
direct  poison,  prodacing  a  peculiar  sensation  of  oppression  and 
tightness  of  the  head.  It  does  not  support  combustion,  but 
boms  itself  with  a  beautiful  pale  blue  light,  producing  by  its 
combination  with  oxygen  carbcoiie  anhydride  only.  A  solution 
of  cnpreons  chloride  in  hydrochloric  acid,  or  of  a  cupreous  salt 
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dissolved  in  ammonia^  gradually  absorbs  carbonic  oxide  if  agitated 
with  it.  The  solution  of  this  compound  is  not  decomposed  by 
dilution^  but  if  the  liquid  be  boiled  most  of  the  gas  is  expelled 
unaltered.  The  compound  with  cupreous  chloride  crystallizes 
in  fatty  looking  scales^  consisting  of  (CO,Cu'Cl,HjO),  but  by 
exposure  to  air  it  is  quickly  decomposed.  Carbonic  oxide  is 
absorbed  by  potassium  if  the  metal  be  heated  to  about  176° 
(80°  C.)  in  the  gas,  and  according  to  Brodie,  the  combination 
occurs  in  the  proportion  shown  by  the  formula,  COK.  This 
property  is  sometimes  employed  for  separating  carbonic  oxide 
from  its  mixture  with  other  inflammable  gases  in  the  process  of 
analysing  mixtures  of  such  gases. 

Carbonic  oxide  has  been  supposed  to  form  the  radicle  of  a 
numerous  series  of  compoimds;  it  even  enters  directly  into  com- 
bination with  potassic  hydrate  when  heated  with  it,  converting 
it  into  potassic  formiate:  KHO-f  CO=KCHO,  (Berthelot). 

Composition, — The  chemical  composition  of  carbonic  oxide 
may  be  ascertained  in  the  following  manner : — ^Introduce  into 
the  bent  eudiometer  (fig.  290)  a  certain  quantity,  say  20 
measures,  of  carbonic  oxide,  then  add  20  measures  of  pure 
oxygen ;  pass  the  electric  spark  with  the  precautions  already 
described :  the  40  measures  of  gas  will  become  diminished  to 
30  measures.  If  a  little  solution  of  potash  be  introduced,  20 
measures  of  the  residual  gas  will  disappear,  leaving  10  measures 
of  unaltered  oxygen  :  the  20  measures  of  gas  absorbed  are  car- 
bonic anhydride.  Now  carbonic  anhydride  contains  its  own 
bulk  of  oxygen,  but  the  20  measures  of  carbonic  oxide  have  re- 
quired only  10  measures,  or  half  their  bulk,  of  oxygen  to  con- 
vert them  into  the  anhydride.  Carbonic  oxide  therefore  must 
have  contained  the  other  10  measures  of  oxygen ;  in  other 
words,  half  its  bulk  of  oxygen.  But  the  specific  gravity  of  car- 
bonic oxide  is  0*9674 ;  deduct  from  this 

0*5528  =half  the  specific  gravity  of  oxygen 


0*4146  ;  this  remainder  is  the  weight  of  the  carbon 
combined  with  0*5528  of  oxygen. 

Now  0*5528  :  0*4146  :  :  16  :  12.  The  proportion  by  weight 
of  oxygen  to  carbon  in  carbonic  oxide  is  therefore  as  16  to  12,  or 
I  atom  of  each^  and  its  composition  may  be  thus  represented  : — 

Bj  weight.  Bj  Tolome.  8p.  gr. 

Carbon  C  =  12  or  42*86  2 For  i'o?=  0*4146 

Oxygen  0  =  16       5714  i         0*5   =  0*5528 

Carb.  oxide     CO  =  28      loo'oo  2        1*0         0*9674 
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Carbonic  oxide  and  carbonic  anhydride^  widely  as  they  differ 
in  properties^  consist^  it  iis  evident,  of  the  same  elements ;  but  the 
proportions  of  the  two  elements  differ  in  the  two  cases.  Carbonic 
oxide  is  the  compound  of  carbon  that  contains  the  smallest  pro- 
portion of  oxygen,  the  relative  composition  of  the  two  bodies  being  : 

0.  O.  Carbon.       Ozjgen. 

Carbonic  oxide  CO  =  28  or  12  -f-  16  =  42*86  -f-  57*14 

Carbonic  anhydride     COj=  44       12  -f  32  =  27*28  -f  72*72 

^ Y -^ 

In  100  parts. 


CHAPTER  V. 

COMPOUNDS   OF   NITROGEN   WITH    OXYGEN   AND   WITH    HYDROGEN. 

§  I.  Compounds  of  Nitrogen  with  Oxygen. 

(358)  The  attraction  of  nitrogen  for  oxygen  is  much  feebler 
than  that  of  either  carbon  or  hydrogen  for  oxygen^  so  that  it  is 
not  easy  to  procure  their  direct  union, — especially  as  the  tem- 
perature emitted  by  the  nitrogen  and  oxygen  in  the  act  of  com- 
bination is  comparatively  low.  Nitrogen,  notwithstanding,  forms 
with  oxygen  five  distinct  compounds,  containing,  respectively, 
^9  ^9  3>  4f  <^^  5  atoms  of  oxygen  with  2  atoms  of  nitrogen^  They 
may  aU  be  obtained  free  fo)m  water. 

These  compounds  have  been  named 

Bj  weight.  In  loo  paita. 


V.  o.         ifitroeen.       Oinrgen.   Mol.Vol. 

Nitrons  oxide  N,0  =  44  or  28  -f  16  63O4  -f  30'36  |  "]    , 

Nitric  oxide  NO  =30      14+16  46*67  -f-  53*33  I    [ 

Nitrous  anhydride     N,Oj=  ^6      28  -f  48  3685  +  6315  P 

Peroxide  of  nitrogen  N,04=  92       28  +  64  3044  4-  69*56  |    ;    | 

Nitric  anhydride        NjO,=io8       28  +  80  25*93  +  74*07  P 

(359)  Nitric  Acid  ;  Hydric  Nitrate ,  UN 0^=6 3  ;  Sp.  Gr.  of 
Liquid  at  59°  (15^  C.)  1*5x7;  Boiling-pt.  184^  (84^-5  C.).— The  most 
important  of  the  compounds  of  oxygen  with  nitrogen  is  that  which 
when  in  combination  with  water  was  formerly  called  aquafortis, 
and  is  now  designated  nitric  acid.  It  was  known  to  the  alchemists^ 
but  its  true  composition  was  first  determined  by  Cavendish  in 
1785.  When  nitrogen  is  mixed  with  12  or  14  times  its  bulk  of 
hydrogen,  and  a  jet  of  the  mixed  gas  is  allowed  to  bum  in  air 
or  in  oxygen,  the  water  which  is  formed  has  a  sour  taste  and  an 
acid  reaction,  owing  to  the  simultaneous  formation  of  a  small 
quantity  of  nitric  acid.  In  this  case  the  nitrogen  bums  by  the 
aid  of  the  heat  developed  during  the  combustion  of  the  hydrogen, 
and  the  oxidized  compound  combines   at  once  with  the  water 
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formed,  wliich  much  increaaeB  its  chemical  stability.  It  wbb, 
indeed^  owing  to  the  accidental  production  of  nitric  acid  in  the 
course  of  his  experiments  on  the  formation  of  water  by  the  oom- 
bustion  of  hydrogen,  that  Cavendish  was  induced  to  institute  the 
train  of  researches  which  terminated  in  this  important  discovery. 
If  2  volumes  of  nitrogen  be  mixed  with  5  volumes  of  oxygen, 
and  introduced  into  the  bent  eudiometer  (fig.  Q,go)  and  the  tube 
be  filled  up  with  an  infusion  of  blue  litmus  in  distilled  water,  a 
series  of  electric  sparks  may  be  transmitted  through  the  mixture 
by  means  of  a  BuhmkorfiPs  coil :  under  these  circumstances  the 
two  gases  will  combine  slowly,  and  the  litmus  will  be  reddened. 
The  heat  of  the  spark  determines  the  combination  of  the  gases 
just  at  the  spot  through  which  it  passes,  but  the  action  does  not 
extend  further.  In  like  manner,  if  a  number  of  sparks  be  passed 
from  the  electrical  machine,  between  two  metallic  points,  over 
moistened  litmus-paper,  in  air,  a  red  spot  will  be  produced  upon 
the  paper,  owing  to  the  formation  of  nitric  acid  in  minute  quan- 
tity by  the  combination  of  oxygen  with  nitrogen  in  presence  of 
aqueous  vapour  in  the  air.  During  stormy  weather,  and  indeed 
whenever  a  flash  of  lightning  passes  through  a  moist  atmo^here, 
the  same  compound  is  produced  in  appreciable  quantity.  Indeed, 
it  is  rare  to  meet  with  rain  water  in  which  traces  of  ammonic 
nitrate  may  not  be  detected,  if  the  experiment  is  made  with  accu- 
™cy.  Ammonia  likewise  yields  nitn^  acid  under  certain  circum- 
stances  by  slow  oxidation  (369). 

Nitrates  of  potassium  and  sodium  also  occur  in  the  form  of  an 
efflorescence  on  the  soil,  especially  in  tropical  climates,  as  in  some 
parts  of  India  and  Peru.  The  compound  formed  with  potassium 
constitutes  the  nitre  or  saltpetre  of  commerce.  The  nitrates  of 
the  alkali-metals  are  often  present  in  the  water  of  wells  in  towns 
or  in  the  vicinity  of  cemeteries,  the  nitric  acid  being  in  these  cases 
produced  by  the  oxidation  of  azotised  animal  matters,  as  they  un- 
dergo decomposition  during  the  percolation  of  their  aqueous  solu- 
tion through  the  soil. 

Preparation. — It  is  from  one  of  the  nitrates  that  the  acid  is 
always  obtained  for  chemical  purposes.  When  potassic  nitrate  is 
heated  with  a  powerfiil  acid,  such  as  the  sulphuric  (H^SO^,  dihydric 
sulphate)  a  true  double  decomposition  occurs.  The  potassium  and 
hydrogen  change  places,  forming  on  the  one  hand  dipotassic  sul- 
phate (K3SOJ,  and  on  the  other  hydric  nitrate,  or  nitric  acid 
(HNO3).  The  dipotassic  sulphate  remains  in  the  retort,  whilst  the 
more  volatile  nitric  acid  distils  over,  and  may  be  condensed  in  the 
usual  manner.    The  method  of  procuring  nitric  acid  offers  a  good 
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example  of  the  general  principle  upon  which  acids  vbich  admit  of 
being  distilled  vithont  experiencing  decomposition  are  obtained 
from  their  metallic  salts  ;  the  ordinary  acids,  it  must  be  remem- 
bered, are  aalla  of  hydrogen.  In  preparing  nitric  acid  on  the 
small  scale,  equal  weights  of  nitre  and  oil  of  vitriol  are  placed  in 
a  glass  retort,  and  the  distillatioQ  is  proceeded  with  in  the  manner 
shown  in  iigs.  143  and  144,  Part  I.  p.  346. 

During  the  distillation  red  fumes  appear  in  the  retort,  arising 
from  a  partial  decomposition  of  the  acid,  and  the  formation  of  some 
of  the  lower  oxides  of  nitrogen,  whilst  a  yellowish  corrosive  liquid 
is  condensed  in  the  receiver :  this  liquid  is  hydric  nitrate,  or  con- 
centrated nitric  acid  (HNOj)  ;  it  ftimes  strongly  in  the  air,  and 
emits  a  powerfully  irritating  and  acid  odour, 

Od  the  luge  scale,  iron  Tetortv,  fig.  300,  coated  with  fire-«]ay  on  the  ioiiide 
of  the  npper  psrt,  where  they  «re  eipoied  to  the  acid  vapoura,  are  employed  for 

I.  Fio.  300.  a. 


the  disUUstion,  and  iodic  nitrate  ie  aobstituted  for  potasiic  nitrate,  aa  it  in  a 
ehnper  i«lt,  and  likewise  yields  9  per  cent,  more  nitric  acid  than  potauie  nitrate, 
^le  eylinden  or  retorts  are  arranged  in  pairs  in  a  fiimace,  so  that  each  fire  heats 
tvo  ^linden,  as  ahoim  in  the  section,  I.  Tlis  cylinders  are  supplied  with  a 
moTMble  lid,  c,  d,  at  each  eod.  The  nitrate  i*  introduced  into  the  retort,  i, 
throngh  the  opening  at  e,  which  is  closed  during  the  distillation  by  a  stone  lid, 
fitted  accarately  to  the  aperture ;  snd  the  oil  of  vitriol  is  added  by  a  fnnnel  at  0, 
after  the  retort  is  closed.  As  soon  as  the  acid  is  introduoed,  the  funnel  is  with- 
drawn,  and  the  opening  at  e  is  closed  with  a  plug.  The  nitric  acid  as  it  distils 
orer  passes  through  the  pipe^  and  is  condensed  in  a  series  of  stoneware  bottles, 
the  fiiat  of  which  is  teen  at  b.  The  acid  collected  in  the  first  receiver  is  always 
aofitaminatAd  with  snlpbaric  acid,  and  that  in  the  last  is  rather  dilute,  as  water 
is  placed  in  it  to  oondenae  the  nitrous  fumes. 

Upon  the  lai^  actie  it  is  customary  to  employ  a  proportion 
of  snlphoric  acid  smaller  than  that  used  when  the  distillation  is 
performed  in  glass  vessels,  for  it  is  quite  possible  to  effect  a  com- 
plete decomposition  of  the  nitrate  by  heating  it  with  one-half  its 
weight  of  oil  of  vitriol.  Under  these  circumstances,  however,  a 
higher  tempeistnre  is  needed  to  expel  the  last  portions  of  acid,  and 
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a  considerable  quantity  of  the  nitric  acid  is  thereby  decomposed 
and  wasted.  The  residue  in  the  retort^  when  the  smaller  quantity 
of  sulphuric  acid  is  used,  is  much  less  soluble  in  water,  and  con- 
sequently is  much  more  difficult  of  removal :  but  in  the  iron 
cylinder  of  the  manufacturer  this  is  of  no  moment,  because  the 
saline  mass  can  easily  be  detached  by  the  use  of  iron  tools  when 
the  distillation  is  at  an  end. 

The  cause  of  these  differences  in  the  result  of  the  processes 
adopted  on  the  large  and  on  the  small  scale  lies  in  the  fact  that 
sulphuric  acid  by  its  reaction  upon  potash  gives  rise  to  two  dif- 
ferent sulphates,  one  of  which  contains  twice  as  much  potassiuin 
as  the  other;  the  acid  sulphate  consisting  of  KHSO^  being  a 
hydro-potassic  sulphate,  while  the  common  neutral  sulphate,  or 
dipotassic  sulphate  contains  K^SO^. 

When  nitre  and  sulphuric  acid  are  mixed  in  the  proportion  of 
equal  weights  (or  i  equivalent  of  nitre,  and  2  of  .acid),  the  hydro-- 
potassic sulphate  is  obtained,  and  nitric  acid  distils  readily ;  half 
the  hydrogen  only  of  the  sulphuric  acid  being  displaced  by  potas- 
sium :  the  change  is  represented  in  the  following  equation : — 

Solphorio  Nitric  Hydronotanio 

Nitre.  add.  aoid.  •olpnate. 

'KNO3      +      hJo^     =     HNO3     +      KHSO^; 

but  if  the  nitrate  be  mixed  with  sulphuric  acid  in  the  proportion 
of  2  equivalents  of  each,  the  decomposition  takes  place  in  two 
successive  stages ;  in  the  first  of  these,  half  the  nitre  only  is  de- 
composed, hydro-potassic  sulphate  being  furnished  in  the  first  in- 
stance as  before,  and  a  gentle  heat  only  is  needed  for  the  distilla- 
tion of  the  nitric  acid  so  produced.  The  following  equation  may 
be  employed  to  represent  this  first  stage  of  the  change : — 

Solphurio  Nitric  Hjdropotasno 


Nitre.  aoid.  Nitre.  acid. 


dropotasi 
aoJ^i^e. 


aKNOj     +     HjSO^    =    KNO3     +     HNOj     +     KHSO^. 

But  as  soon  as  the  first  half  of  the  nitric  acid  has  passed  over, 
the  temperature  begins  to  rise,  and  the  hydro-potassic  or  acid  sul- 
phate reacts  on  the  undecomposed  nitre ;  the  second  half  of  the 
nitric  acid  is  then  formed,  but  at  the  same  time  is  partially  de- 
composed, particularly  towards  the  end  of  the  operation :  finally, 
the  whole  of  the  potassium  remains  in  the  retort  in  the  form  of 
the  sparingly  soluble  neutral  or  dipotdssic  sulphate.  This  second 
stage  of  the  decomposition  is  exhibited  in  the  subjoined  equation  : 

Hjdropotaaaio  Nitric  Dipotassic 

Nitre.  sulphate.  acid.  solptiate. 

KNOj     +     KHSO4    =    HNOj     +    'k,SO«. 
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Similar  equations  woidd  represent  the  reactions  with  sodic 
nitrate,  substituting  the  symbol  Na  for  K,  wherever  the  latter 
ocean. 

Nitric  acid  (the  so-called  monohydrate),  HNOjj  Sp.  gr.  of 
Spdd,  1-517,0/  15°  C;  BMing-pt.  184°  (84°-5  C.) ;  Comp.  in  100 
parts,  NjOj,  857a ;  H^O,  14*28. — The  acid  which  is  obtained  by 
the  foregoing  process  is  of  a  yellowish  or  red  colour,  owing  to  the 
presence  of  some  of  the  lower  oxides  of  nitrogen ;  these  may,  if 
necessary,  be  got  rid  of  by  mixing  the  acid  with  an  equal  bulk 
of  oil  of  vitriol,  and  submitting  the  mixture  to  distillation.  If 
the  first  portions  be  collected,  and  gently  warmed  while  a  current 
of  dry  air  is  sent  through  the  acid,  sheltered  from  strong  daylight, 
a  pure  acid  remains  behind  as  colourless  as  water,  and  quite  free 
from  the  lower  oxides  of  nitrogen.  It  is^  however,  so  unstable  in 
this  concentrated  form  that  it  cannot  be  redistilled  alone  without 
experiencing  partial  decomposition.  When  exposed  to  the  sun^s 
light  a  similar  decomposition  is  produced ;  oxygen  gas  is  evolved, 
and  the  acid  becomes  coloured  owing  to  the  formation  of  lower 
oxides  of  nitrogen.  When  pure,  nitric  acid  is  a  colourless,  limpid, 
filming,  powerfully  corrosive  liquid,  which  freezes  at  about  —  40°. 
It  begins  to  boil  at  184^,  but  the  temperature  rises  gradually, 
owing  to  the  decomposition  of  the  liquid ;  oxygen  and  nitrous 
fiimes  are  evolved ;  the  boiling-point  continues  to  rise  slowly  till  it 
reaches  250^  (121°  C),  at  which  point  the  acid  in  the  retort  has  a 
composition  approaching  to  (2HN03,3H20),  and  distils  unchanged. 
Owing  to  the  facility  with  which  the  acid  parts  with  oxygen, 
it  is  continually  employed  as  an  oxidizing  agent.  If  it  be 
dropped  into  hot  finely  powdered  charcoal,  the  charcoal  bums 
vividly;  if  it  be  mixed  with  a  little  oil  of  vitriol,  and  poured  into 
(ril  of  turpentine,  the  mixture  bursts  into  flame.  Sulphur,  phos- 
phorus, and  iodine  are  oxidized  by  it,  the  phosphorus  almost  with 
explosive  violence.  Nitric  acid  is  one  of  the  most  corrosive  sub- 
stances known.  It  destroys  all  animal  textures  rapidly,  and  if 
slightly  diluted  stains  the  skin,  wool,  feathers,  and  all  albuminous 
bodies  of  a  bright  yellow  colour.  The  acid  in  a  somewhat  diluted 
state  is,  indeed,  often  used  to  impart  a  permanent  yellow  dye  to 
woollen  and  silken  goods.  Nitric  acid  acts  violently  upon  tin  or 
iron  filings,  especially  if  they  be  previously  moistened  with  a  few 
drops  of  water ;  and  indeed  it  attacks  most  of  the  metals  except 
gold,  platinum,  rhodium,  and  iridium.  The  action  of  nitric  acid 
upon  the  metals  varies  with  its  temperature  and  degree  of  dilution : 
but  its  energy  is  most  manifest  when  diluted  to  a  specific  gravity 
of  firom  1*35  to   1*25.     The  pure  concentrated  acid,  HNO^,  is  in 
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fact  without  action  upon  tin^  iron^  bismuth,  and  many  other 
metals  at  ordinary  temperatures.  The  presence  of  nitrous  acid 
in  the  nitric  acid  greatly  increases  its  oxidizing  power,  for  owing 
to  the  instabUity  of  nitrous  acid  thi.  compound  parts  with  its 
oxygen  very  readily.  At  a  temperature  of  o^  (— 18°  C.)  the  acid, 
whether  concentrated  or  dilute,  is  without  action  on  copper,  but 
it  dissolves  zinc  rapidly. 

(360)  Action  of  Acids  on  Metals, — ^The  chemical  action  of 
nitric  acid  upon  the  metals  is  a  process  of  considerable  importance, 
but  in  order  to  study  with  advantage  the  eflTects  to  which  it  gives 
rise  it  will  be  useful  to  consider  the  action  of  acids  upon  the 
metals  from  a  general  point  of  view.  It  has  already  been  stated 
that  the  metals  unite  directly  with  many  of  the  non-metallic 
elements,  such  as  chlorine,  oxygen,  and  sulphur.  Antimony,  for 
example,  will  take  fire  spontaneously  if  allowed  to  fall  in  fine 
powder  into  chlorine.  Iron  will  bum  in  oxygen  if  first  heated 
to  the  point  of  ignition ;  and  copper  turnings,  if  mixed  with  pow- 
dered sulphur,  will,  on  the  application  of  heat,  combine  with  the 
sulphur,  and  during  the  action  will  emit  a  vivid  light.  The 
metallic  oxides,  when  presented  to  the  acids,  become  quickly  dis- 
solved ;  cupric  oxide  is  brought  into  solution  by  diluted  sulphuric 
acid,  zincic  oxide  quickly  disappears  when  agitated  with  hydro- 
chloric acid,  and  plumbic  oxide  is  rapidly  dissolved  by  acetic  add. 

But  a  metal  will  not  unite  directly  with  an  anhydride.  Union 
between  a  metallic  oxide  and  an  anhydride  may,  however,  occur, 
though,  even  then,  the  action  is  much  favoured  by  the  presence 
of  water.  Sulphuric  anhydride,  for  instance,  does  not  act  upon 
iron,  but  the  anhydride  is  immediately  absorbed  by  caustic  potash, 
KHO  +  SO3  becoming  KHSO^;  and  in  like  manner,  carbonic 
anhydride  is  rapidly  absorbed  by  slaked  lime. 

When  the  metals  are  presented  to  the  acids  other  phenomena 
are  observed ;  a  brisk  action  frequently  takes  place,  accompanied 
by  the  evolution  of  a  gas,  and  it  is  very  often  stated  that  the 
metal  first  becomes  oxidized,  and  is  then  dissolved  by  the  acid. 

It  is  not,  however,  necessary  to  assume  that  the  metal  always 
undergoes  oxidation  as  a  preliminary  step,  for  it  may  be  supposed 
that  in  many  cases  the  metal  simply  displaces  the  hydrogen  of 
the  acid.  When,  for  example,  zinc  is  placed  in  diluted  sulphuric 
acid,  the  metal  is  dissolved  with  rapidity,  whilst  hydrogen  escapes 
in  the  gaseous  form;  H^SO^+Zn  yielding  ZnSO^-fHj.  A 
similar  result  is  obtained  when  iron  or  tin  is  dissolved  in  hydro- 
chloric acid,  ferrous  or  stannous  chloride  being  produced,  whilst 
hydrogen  is  given  off,  the  reaction  in  the  case  of  iron  being  re- 
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presented  by  the  equation,  aHCl+FessFeClg+Hj.  When  an 
oxide  is  employed  instead  of  a  metal,  the  hydrogen,  instead  of 
escaping  as  gas,  is  eliminated  in  the  form  of  water ;  for  instance, 
in  the  action  of  zincic  oxide  upon  sulphuric  acid,  the  change  may 
be  represented  as  ZnO  +  HjSO^=ZnSO^+HjjO;  and  again  with 
capric  oxide  and  hydrochloric  acid,  CuO+aHCl=CuCl3-f  HgO. 

The  ordinary  action  of  metals  upon  sulphuric  acid,  in  which 
the  components  of  the  acid  are  united  by  powerful  chemical  ties, 
is,  as  we  have  just  seen,  comparatively  simple ;  but  where  the 
elements  of  the  acid  are  but  feebly  held  together,  as  is  the  case 
with  nitric  acid,  the  actions  are  often  more  complicated.  When, 
for  example,  silver  or  copper  is  dissolved  in  nitric  acid,  hydrogen 
may  as  before  be  displaced  from  the  acid  by  the  metal  which 
becomes  dissolved ;  but  owing  to  the  facility  with  which  nitric  acid 
parts  with  its  oxygen  no  hydrogen  is  set  free — ^for  at  the  moment 
of  its  liberation  it  becomes  oxidized  at  the  expense  of  the 
elements  of  the  nitric  acid — one  of  the  lower  oxides  of  the  nitrogen 
is  formed,  and  occasions  the  disengagement  of  ruddy  fumes  instead 
of  the  colourless  and  inflammable  hydrogen.  In  many  instances 
it  is  probable  that  the  radicle  of  the  acid  itself  is  deoxidized  by 
the  direct  action  of  the  metal,  the  oxide  of  the  metal  then  form- 
ing a  salt  with  the  undecomposed  portion  of  acid  by  double  de- 
composition, as  already  explained  where  an  oxide  acts  upon  an 
scid  : — ^for  example,  when  metallic  silver  acts  upon  heated  nitric 
acid,  a  portion  of  the  acid  furnishes  oxygen,  disengaging  nitric 
oxide,  whikt  the  freshly  formed  oxide  of  silver  reacts  upon 
another  portion  of  the  acid ;  sAgg  +  2HNO3,  first  be- 
coming ^Agfi -\-iNO  +  H fi,  and  then  AggO  +  aHNOj  yields 
HjO  +  2  AgNOj.  The  exact  nature  of  the  decomposition,  however, 
Taries  in  difierent  cases ;  silver  when  allowed  to  become  dis- 
solved slowly  in  the  cold  in  an  excess  of  diluted  nitric  acid 
produces  nitrous  acid  (HNOj),  which  remains  in  solution; 
Ag,-h3HN03  giving  a AgNOj  +  H^O  +  HNO^,  and  the  metal  is 
dissolved  without  evolution  of  gas :  a  similar  effect  is  also  pro- 
duced by  palladiimi.  With  metals  which  attack  the  acid  more 
vigorously,  such  as  copper  or  mercury,  nitric  acid  of  moderate 
concentration  (sp.  gr.  1-25  to  1-3)  disengages  nitric  oxide 
in  large  quantity :  for  example,  3  Cu  +  8HNO3  yields 
2NO  +  3(Cu2N03)+4H20;  but  if  the  acid  be  more  highly 
concentrated  (sp.  gr.  1*42),  peroxide  of  nitrogen  is  disengaged 
abundantly;  CU+4HNO3  yielding  CU2NO3+2NO2  +  2H5JO.  And 
when  the  decomposition  occurs  at  a  high  temperature,  free  nitrogen 
is  usually  disengaged  in  considerable  quantity,  the  acid  undergoing 
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complete  deoxidation ;  5Cu+iaHN08=5(Cu2N03)+Nj  +  6HjjO. 
If  the  metal^  like  zinc,. has  a  still  more  energetic  action,  the  acid 
when  dilute  yields  nitrous  oxide  amongst  its  gaseous  products ; 
4Zn  +  ioHNOs=N30-f4(Zn2N03)  +  5H20.  When  zinc  or  tin 
is  used  with  a  stronger  acid,  ammonia  is  amongst  the  products ; 
for  instance,  4Zn  +  9HN08=4(Zn2N08)+3H20  +  H8N,  the  am- 
monia combining  with  the  excess  of  acid  employed. 

(361)  Hydrates  of  Nitric  acid, — When  concentrated  nitric 
acid  is  exposed  to  the  air  it  absorbs  moisture,  and  if  70  parts  of 
the  concentrated  acid  be  mixed  with  30  of  water  it  emits  a  sen- 
sible  amount  of  heat.  Under  these  circumstances  a  hydrate  of 
nitric  acid  of  considerable  stability  appears  to  be  formed  with  a 
composition  represented  by  the  formula  (2HN03,3H20).  This 
hydrate  would  contain  60  per  cent,  of  the  anhydride  N^Og  and 
40  of  water :  such  an  acid  has  a  sp.  gr.  of  1*424;  it  boils  at 
250^  (121°  C),  and  may  be  distilled,  under  ordinary  pressures 
apparently  unaltered.  A  weaker  acid  when  heated  parts  with 
its  water  till  it  arrives  at  this  density,  and  a  stronger  acid,  when 
distilled,  also  loses  acid  until  reduced  to  this  point,  the  liquid 
in  the  retort  eventually,  in  both  cases,  acquiring  a  density  of 
1*424.  This  hydrate  nevertheless  is  not  perfectly  stable  when 
distilled,  for  by  conducting  the  distillation  at  reduced  pressures, 
Koscoe  found  that  the  density  of  the  acid  in  the  retort  has  no 
real  fixed  point,  and  that  an  acid  may  be  obtained  which  does  not 
correspond  in  composition  to  any  definite  hydrate,  but  that  the  pro- 
portion of  water  varies  with  the  pressure  imder  which  the  boiling 
takes  place. 

Strength  of  Nitric  Acid  [Ure). 


Spegiflc  grftvity. 


1*5000 
14940 
14850 
I '4760 
1*4670 

i'457o 
1*4460 

1*4346 
1*4228 
1-4107 
i*3Q78 

1-3833 
r368i 


i'36»9 


K^Og  in  100 
part*  bj  weight. 


Specifio  snvitj. 


79*700 

77'303 
74-9i8 

72-527 
70136 

67-745 
65-354 
62*963 

60*572 
58*181 

55790 

53*399 
51-068 

48-617 
46-220 
43835 
4X-444 


1-2887 
1*2705 
12523 
1*2341 
1*2148 
1*1958 
I '1 770 
1*1587 
1-1403 
1*1227 
1*1051 
1*0878 
1-0708 
1*0540 

1-0375 
1-0212 

1-0053 


NgOg  in  100 
parU  bj  weight. 


39*053 
36-662 

34-271 

31-880 

29-489 
27-098 

24-707 
22-316 

19-925 
17*534 

15143 
12-752 

10*361 
7-970 

5'579 

3-188 
0*797 
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The  preceding  table  indicates  the  per-centage  of  nitric  anhy- 
dride, ^fi^  formerly  called  dry  nitric  acid,  contained  in  aqueous 
solutions  of  nitric  acid  of  various  specific  gravities. 

(36a)  NUrie  Anhydride,  or  Dinitrie  Pentoxide  (N,0,). — Fusing  pt,  85** 
(29^*5  C.) ;  Binling  pt,  113**  (45®  C). — This  substance  is  a  very  unstable  com- 
poond,  which  may  be  obtained  in  the  form  of  perfectly  transparent,  brilliant, 
colourless  crystals,  derived  from  the  right  rhombic  prism ;  they  melt  at  85^  and 
boil  at  113^ :  at  about  the  temperature  last-named  the  compound  begins  to  un- 
dergo decompositioD.  Sometimes  the  crystals,  even  if  kept  in  sealed  tubes, 
become  deoompoeed  at  the  ordinary  atmospheric  temperature,  and  the  tube  bursts 
with  a  dangerous  explosion  from  the  pressure  exerted  by  the  liberated  gases. 
The  crystab  are  dissolved  rapidly  by  water,  emitting  much  heat,  and  producing 
otdinary  hydrated  nitric  acid. 

In  order  to  procure  the  anhydride,  a  uniform  current  of  perfectly  dry  chlorine 
gas  is  transmitted  very  slowly  over  crystals  of  well-dried  argentic  nitrate ;  the 
salt  is  at  first  heated  to  about  203°  (95^  C.)i  till  the  decompoRition  has  com- 
menced, and  the  temperature  is  then  lowered  to  about  140^  (60^  C).  The 
operation  is  one  of  considerable  delicacy,  and  requires  attention  to  a  number  of 
minate  precautions,  for  the  details  of  which  the  reader  is  referred  to  Deville's 
paper  (Ann,  de  Ckimie,  III.  xxviii.  241 .)  The  chlorine  displaces  the  nitrion 
(NO,)  fix>m  the  argentic  nitrate;  argentic  chloride  is  formed,  and  nitrion 
breaks  np  into  nitric  anhydride  whilst  oxygen  escapes.  By  surrounding  the  re- 
cdrer  with  a  freezing  mixture,  the  nitric  anhydride  is  condensed  in  crystals. 
Tho  decomposition  may  be  represented  in  the  following  manner,  though  it  is 
probably  not  quite  so  simple  :* — 

▲rgentic  nitrate.  Argentic  chloride.  Nitric  anhydride. 

4AgN0,  +  aClg  give'^A^  +  O^  +l^fi^. 

Derille  ascertained  the  composition  of  nitric  anhydride  by  estimating  the 
quantity  of  nitrogen  which  a  given  weight  of  the  compound  furnished  afler  the 
oxygen  had  been  removed  from  it  by  transmitting  its  vapours  over  finely  divided 
metallic  copper,  which,  at  a  high  temperature,  combines  rapidly  with  the  oxygen ; 
100  parts  by  weight  of  the  anhydride  were  thus  found  to  contain  25*9  of  nitro- 
l^n ;  the  deficiency,  74*1,  is  oxygen:  or  28  parts  of  nitrogen  are  united  with 
80  of  oxygen. 

(363)  Common  Impurities  of  the  Acid,-^The  nitric   acid  of 

commerce  is  liable  to  be  contaminated  with  a  variety  of  foreign 

matters,  of  which  sulphuric  acid,  chlorine,  potash,  and  oxide  of 

iron  are  the  most  frequent.      Its  usual   yellow  or  red  colour  is 

owing  to  the  presence  of  some  of  the  lower  oxides  of  nitrogen. 

If  pure,  it  leaves  no  fixed  residue  when  evaporated  on  a  slip  of 

glass,  and  gives  no  precipitate  when,  after  dilution  with  three  or 

four  times  its  bulk  of  water,  it  is  tested  for  sulphuric  acid  with 

baric  nitrate  (Ba2N03),  and  for  chlorine  with   argentic  nitrate. 

By  distilling  it   a  second   time,  it  may  readily  be  obtained  of 

specific  gravity  i'42,  and  free  from  all  impurities  except  the  lower 


•  PoMibly  a  nitric  chloro-dioxide  is  formed  first,  thus;   2AgN0, +  201,= 
2AgCl  +  2N0,C1  +  0,,  and  then  this  nitric  chloro-dioxide  decomposes  a  second 
atom  of  argentic  nitrate ;  AgNO^  +  NO^Cl  =  AgCl  +  N,0^. 
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oxides  of  nitrogen.  If  chlorine  be  present^  argentic  nitrate  may  be 
added  so  long  as  the  silver  salt  occasions  a  precipitate^or  a  silver  coin 
may  be  dissolved  in  the  acid ;  after  which  the  rectification  may  be 
proceeded  with.  The  lower  oxides  of  nitrogen  may  be  removed  by 
diluting  the  acid  with  water  till  of  a  sp.  gr.  not  exceeding  1*42, 
and  then  distilling  with  2  or  3  per  cent,  of  potassic  dichromate. 

Nitrates. — Nitric  acid  is  monobasic ;  that  is  to  say^  each  atom  of 
nitrion  (NO,)  requires  one  atom  of  a  monad  metal  like  potassium 
to  neutralize  it;  the  salts  which  it  forms  are  termed  nitrates. 
Their  general  formula  is  M'NOj.  These  salts  may  be  procured 
without  difficulty  by  dissolving  either  the  metal  itself^  or  its  oxide^ 
or  its  carbonate^  in  nitric  acid  more  or  less  diluted.  Many  of  the 
nitrates^  including  those  of  potassium^  sodium^  ammonium^  barium^ 
lead^  and  silver^  are  anhydrous.  Others  combine  with  6  atoms  of 
water  of  crystallization ;  among  these  are  the  salts  of  magnesium, 
zinc,  nickel,  cobalt,  iron,  and  copper ;  whilst  in  others  the  pro- 
portion of  the  water  is  dififerent,  calcic  nitrate  retaining  4HjO, 
and  strontic  nitrate  5H3O.  If  crystallized  at  a  high  tempera- 
ture, cupric  nitrate  retains  only  3Hj,0,  and  strontic  nitrate  may 
be  obtained  in  the  anhydrous  form.  No  acid  nitrates  are  known 
to  exist,  but  several  subnitrates  or  basic  nitrates  may  be  procured ; 
that  is  to  say,  salts  may  be  formed  which  contain  more  than  one 
equivalent  of  basyl  for  each  equivalent  of  acid  radicle :  such,  for  in- 
stance, as  the  hydrated  basic  nitrate  of  copper  (CuaN03,3CuHjOj). 

The  following  table  gives  the  composition  of  some  of  the  nitrat^: 

Potassic  nitrate         KNO, 

Sodic  nitrate  NaNO, 

Ammonic  nitrate       H4NNO3 

Baric  nitrate  BaaNO, 

Strontic  nitrate         Sr2NO,,5H30 

Calcic  nitrate  Ca3N0,»4H,0 

Magnesic  nitrate       Mg2N03,6H,0 

Zincio  nitrate  Zn2NO,,6H,0 

Ferrous  nitrate  Fe2NO,,6H30 

Cupric  nitrate  Cu2N03,6H,0 

Plumbic  nitrate        Pb2N0, 

Argentic  nitrate        AgNO, 

Mercu reus  nitrate     HgNO,,H,0 

Hydrated  plumbic  subnitrate  Pb2N0,,PbH,02 

Hydrated  cupric  subnitrate Cu2NOj,3CuH,02 

Hydrated  mercurous  subnitrate       3HgN0,,H|^H0 

Most  of  the  nitrates  fuse  readily  when  heated :  at  an  elevated 
temperature  they  are  all  decomposed.  At  first,  from  the  nitrates 
of  the  alkali-metals,  oxygen  nearly  pure  escapes,  and  a  nitrite  is 
formed :  afterwards  the  nitrite  undergoes  decomposition,  a  mixture 
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of  oxygen  and  nitrogen  passing  off^  and  in  most  eases  the  pure  oxide 
of  the  metal  is  left.    When  thrown  on  glowing  coals^  the  nitrates 
are  decomposed  with  scintillation  :  if  paper  be  moistened  with  the 
aolution  of  any  nitrate^  allowed  to  dry^  and  then  burned,  the 
smouldering  combustion  characteristic  of  touch-paper  will  be  pro- 
duced.    This  property  is,  however,  also  exhibited  by  the  salts  of 
some  other  acids^  of  which  the  chloric  is  the  most  important. 

All  the  nitrates,  when  heated  with  sulphuric  acid,  evolve  nitric 
acid ;  but  there  is  no  ready  method  of  precipitating  nitric  acid 
from  its  solutions,  since  all  its  compounds  are  dissolved  by  water 
more  or  less  freely.     Various  indirect  methods  have  been  pro- 
posed for  ascertaining  its  presence.     One   of  the  best  of  these 
consists  in  neutralizing  the  solution,  if  acid,  with   potash,   and 
evaporating  nearly  to  dryness  :  then  adding  a  few  copper  clippings, 
and  heating  the  mixture  with  a  little  oil  of  vitriol :  the   copper 
decomposes  the  nitric  acid  if  present,  and  characteristic  red  fumes 
of  peroxide   of  nitrogen  show  themselves.     A  quantity  of  these 
iiimes,  too  small  to  be  visible,  may  be  rendered  evident  by  sus- 
pending in  the  vessel  a  piece  of  paper  moistened  with  a  mixture  of 
starch  and  solution  of  potassic  iodide,  which  will  become  blue  from 
liberated   iodine.     A  still  smaller   quantity  of  a  nitrate  may  be 
detected  by  mixing  a  small  quantity  of  a  concentrated  solution 
of  ferrous  sulphate  with  the  liquor  to  be  tested,  and  allowing  the 
oQ  of  Titriol  to  flow  gradually  into  the  solution  so  as  to  form  a 
distinct  stratum  below  it.     In  this  case  the  characteristic  action 
consists  in  the  formation,  at  the  line  of  contact  between  the  two 
liquids,  of  a  brownish-red  solution,  the  colour  of  which  disappears 
on  boiling ;  the  coloration   depends  upon  the  circumstance  that 
the  nitric  oxide  which  is  formed  by  the  deoxidizing  action  of  one 
portion  of  the  iron  salt,  becomes  dissolved  with  the  distinctive 
brown   colour,  in   the  solution   of   the  unoxidized  part  of  the 
ferrous  salt ;  the  deoxidation  of  the  nitric  acid  which  occurs  may 
be  represented  in  the  following  equation  : — 

Ttrroma  Bolphnrio  ITitric  Ferric  Nitric  WmAM^ 

■nlphate.  acid.  Mid.  8alph«te.  oxide.  ^*^'' 


6FeSO^  +  sHgSO^  +  aHNOj  =  3(Fe33SOJ  +  2NO  -h  4^fi. 

If  a  few  drops  of  hydrochloric  acid  be  added  to  a  solution 
which  contains  free  nitric  acid,  or  a  nitrate  in  solution,  the  liquid 
acquires  the  power  of  dissolving  gold  leaf.  This  effect,  however, 
is  produced  by  hydrochloric  acid  in  solutions  of  the  chlorates, 
bromates,  and  iodates;  but  the  presence  of  these  salts  may  be 
detected  by  other  characters  (382, 392, 397). 

The  aoconto  quantitatiye  debemuDatiOD  ofmtric  add  when  mixed  with  otiKet 

IT'  H 
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acids  is  a  matter  of  considerable  difficulty.  One  method  consists  in  the  conver- 
sion of  the  acid  into  ammonia,  and  the  subsequent  determination  of  the  amonnt 
of  ammonia  found  (.369).  Another,  which,  when  the  quantity  of  nitric  acid  is 
very  small,  furnishes  excellent  results,  is  that  proposed  by  Pugh  {Q.  J.  Ckem, 
80c,  xii.  35).  It  is  based  upon  the  determination  of  the  amonnt  of  stannous 
chloride  which  is  oonverted  into  stannic  chloride  when  the  solution  is  heated  with 
nitric  acid  in  presence  of  an  excess  of  hydrochloric  acid.  A  certun  quantity  of 
the  concentrated  solution  containing  the  nitric  acid  to  be  determined  is  introduced 
into  a  strong  tube,  and  a  known  volume  of  a  solution  of  stannous  chloride  in  a 
large  excess  of  hy('*^<i^Joric  acid  is  added,  the  strength  of  the  tin  solution 
having  been  ascertamed  by  the  use  of  a  standard  solution  of  potassic 
dichromate.  Care  is  taken  to  employ  an  excess  of  the  tin  solution.  A  fragment 
of  marble  is  dropped  into  the  tube  so  as  to  produce  a  quantity  of  carbonic  anhy* 
dride  sufficient  to  displace  the  atmospheric  air.  The  tube  is  then  carefully  sealed 
and  exposed  for  about  a  quarter  of  an  hour  to  a  temperature  of  338**  (170^  C.) 
It  is  allowed  to  cool,  and  the  contents  of  the  tube  are  next  transferred  to  a  glass 
and  diluted  with  90  or  100  cub.  centim.  of  water ;  a  few  drops  of  a  weak  solu* 
tion  of  potassic  iodide  and  starch  are  then  added,  and  the  amount  of  tin  still  re- 
maining in  the  form  of  stannous  salt  is  determined  by  the  addition  of  a  graduated 
solution  of  the  dichromate,  until  the  liquid  becomes  blue  from  the  liberation  of 
iodine.     The  reaction  upon  which  this  process  depends  may  be  thus  expressed : — 

HNO,  +  4SnCl,  +  9HCI  =  H.NCl  +  4SnCl,  +  3H,0 ; 

the  nitrogen  of  the  nitric  acid  being  wholly  converted  into  ammonia  during  the 
operation  :  the  difference  between  the  amount  of  the  dichromate  originally 
required  to  peroxidize  the  quantity  of  tin  solution  employed,  and  that  actually 
consumed  after  the  experiment  is  over,  yielding  the  data  for  fixing  the  quantity 
of  nitric  acid :  393*3  mgrms.  of  the  dichromate  represent  6^  of  nitric  acid 
(HNO,),  or  54  of  the  anhydride,  N,0,. 

{364)   Nitrous  Oxide^  or  Protoxide  of  Nitrogen;  l^fi^^. 


MoL  Vol.  I  ,  |;  Rel.  wt.  22;  Theoretic  Sp.  Gr.  1*5238;  04- 
served  Sp.  Gr.  1*527. — Preparation. — i.  If  a  mixture  of  equal  parts 
of  nitric  and  sulphuric  acid,  diluted  with  8  or  10  parts  of  water, 
be  digested  on  metallic  zinc,  the  metal  displaces  hydrogen,  which 
at  the  moment  of  its  liberation  deoxidizes  the  nitric  acid, 
and  a  colourless  gas  is  slowly  given  off,  composed  of  2  atoms  of 
nitrogen  united  with  i  atom  of  oxygen. 

2. — But  to  obtain  the  gas  in  a  pure  state  it  is  far  better  to 
heat  ammonic  nitrate  (H^NNOj,  the  salt  furnished  by  neutraliz- 
ing pure  nitric  acid  with  ammonic  carbonate)  in  a  glass  retort ; 
the  salt  quickly  melts,  and  at  a  temperature  of  between  392^  and 
500°  (200°  and  260°  C.)  apparently  begins  to  boil,  but  in  reality 
it  is  undergoing  decomposition,  by  which  it  is  entirely  resolved 
into  the  gaseous  nitrous  oxide  and  steam.  The  temperature  must 
be  carefully  watched,  and  not  be  allowed  to  rise  so  high  as  to 
occasion  the  production  of  white  vapours  in  the  retort,  because 
the  decomposition  is  then  apt  to  occur  with  explosive  violence. 
The  reaction  may  be  explained  as  follows : — ^Anmioniimi  is  a  com- 
pound of  nitrogen  with  hydrogen;  when  the  ammonic  nitrate  is 
beatedj  the  hydrogen  of  the  ammonium  combmea  -vvth  ^art  of 
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the  oxygen  of  the  nitrion,  forming  water,  whilst  the  nitrogen  of 
the  ammonium  at  the  same  time  becomes  oxidized  at  the  expense 
of  another  part  of  the  oxygen  of  the  nitrion.  The  result  is 
that  the  whole  of  the  nitrogen,  both  of  the  nitrion  and  of  the 
ammonium,  is  liberated  in  the  form  of  nitrous  oxide  :  H^NNOj 
becoming  2HgO+Nj,0 ;  i  ounce  or  30  grms.  of  the  salt  furnishes 
about  500  cubic  inches,  or  rather  more  than  8  litres  of  the  gas. 

3. — ^L.  Smith  adopts  a  modification  of  the  foregoing  process  for 
preparing  the  gas :  he  decomposes  sal  ammoniac  (H^NCl)  by  means 
of  nitric  acid  (of  sp.  gr.  1*20)  at  a  gentle  heat.  The  gas  which 
is  obtained  in  this  manner  is  not  pure,  but  is  contaminated  with 
small  quantities  of  chlorine  and  of  nitrogen ;  the  chlorine  may  be 
remored  by  allowing  the  gas  to  bubble  up  through  a  solution  of 
potash.  Advantage  may  sometimes  be  taken  of  this  action  of 
nitric  acid  on  sal  ammoniac  to  destroy  an  excess  of  ammonic 
chloride  in  solution  in  the  course  of  an  analysis. 

Properties. — Nitrous  oxide  is  a  transparent,  colourless  gas, 
with  a  faint  sweetish  smell  and  taste:    100  volumes  of  water 
at  32^  (o^C.)  dissolve  130  of  the  gas;  at  59°  (15°  C),  77  vols. ; 
And  at  75°  (24^  C.)  only  60  vols.  (Bunsen).     Owing  to  this  con- 
siderable diminution  in  solubility  with  the  rise  of  temperature,  it 
should   be  collected  over  warm  water.     Under  a  pressure  of  50 
atmospheres  at  45°  (7°  C),  it  is  reducible  to  a  colourless  liquid,  of 
sp.  gr.   at  45°,  of  0908.^    It  boils   at  about -126°  (-88°  C.) 
(B^naidt),  and  may  be  frozen  into  a  transparent  solid  at  about 
—  150°  (  —  101°  C).     When  the  liquid  nitrous  oxide  was  mixed 
with    carbonic  disulphide,  and  exposed  to   evaporation  in  vacuo, 
Natterer  obtained  a  reduction  of  temperature  which  he  estimated  at 
—220°  (—140°  C.) ;  this  is  a  lower  point  than  has  hitherto  been  at- 
tained by  any  other  means.  The  gaseous  nitrous  oxide  has  a  specific 
gravity  of  1*527,  which  coincides  with  that  of  carbonic  anhydride. 
Tins  gas  possesses  the  qualities  neither  of  an  acid  nor  of  an  alkali. 
It  supports  the  combustion  of  many  bodies  with  a  brilliancy  re- 
sembling that  which  they  exhibit  when  burned  in  oxygen.     It  is, 
however,  at  once  distinguished  from  oxygen  by  its  considerable 
solubility  in  water.     A  glowing   match  bursts   into  flame  when 
plunged  into   nitrous  oxide :  sulphur  when  kindled  bums   in  it 
with  a  pale  rose-coloured  flame.    A  little  nitric  oxide  is  commonly 
formed  during  such  combustions,  and  is  manifested  by  the  occur- 
rence of  ruddy   fumes,  due  to   admixture   of  this  gas  with  the 
oxygen  of  the  air  as  it  enters  the  bottle. 

Soon  after  the   discovery  of  nitrous  oxide,  Davy  ascertained 
that  it  may  be  respired  for  a  few  minutes :  it  then  producer  a 

H  2 
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singular  species  of  transient  intoxication,  attended  in  many  in- 
stances with  an  irresistible  propensity  to  mnscular  exertion,  and 
often  to  uncontrollable  laughter;  hence  the  gas  has  acquired  the 
popular  name  of  laughing-gas. 

Composition, — If  nitrous  oxide  be  passed  repeatedly  through  a 
porcelain  tube  heated  to  bright  redness,  the  gas  is  decomposed  into 
a  mixture  of  oxygen  and  nitrogen,  %  volumes  becoming  expanded 
permanently  into  the  space  of  3  volumes.     An  easy  method  of 
analysing  nitrous  oxide  consists  in  mixing  it  with  hydrogen,  and 
passing  an  electric  spark  through  the  mixture.     If  4  measures  of 
nitrous  oxide  be  mixed  with  an  excess  of  hydrogen  gas,  say  with 
6  measures   of  hydrogen,  in  the  bent  eudiometer  (fig.  290),  10 
measures  of  mixed  gas  will  be  produced ;  and  on  transmitting  the 
electric  spark,  inflammation  will  occur ;  steam  will  be  formed  by 
the  oxidation  of  the  hydrogen,  and  will  be  immediately  condensed  ; 
the  10  measures  will  thus  be  reduced  to  6  :  but  the   quantity  of 
oxygen  contained  in  the  nitrous  oxide  cannot  be  at  onQ^  inferred 
from  this  change  of  bulk :  before  this  can  be  done,  it  is  needful 
to  ascertain  how  much  hydrogen  is  left  in  the  mixture.    This  may 
be  effected  by  mixing  the  6  remaining  measures  with  2  measures 
of  oxygen,  thus  making  8  measures,  and  again  transmitting  the 
electric  spark.     Steam  will  again  be  formed,  and  inmiediately 
condensed  :  the  8  measures  of  the  mixture  will  now  be  reduced 
to  5 ;  3  measures  of  the  gas  will  therefore  have  disappeared,  two- 
thirds  of  which,  or  2  measures,  are  hydrogen :  i  measure  of  the 
gas  now  left  must   consequently  be  oxygen  which  was  added  in 
excess,  and  the  remaining  4  measures   are  nitrogen.     Of  the  6 
measures  of  hydrogen  originally  added,  4  have  therefore  combined 
with  oxygen  derived  from  the  nitrous  oxide  ;  and  since  4  measures 
of  hydrogen  require  2  measures  of  oxygen  for  conversion  into 
water,  the  4  measures  of  nitrous  oxide  must  have  contained  2 
measures  of  oxygen.     It  appears,  also,  that  nitrous  oxide  contains 
its  own  bulk  of  nitrogen,  since  the  4  measures  of  the  gas  originally 
employed  furnish  4  measures  of  nitrogen ;  this  nitrogen  is  more- 
over so  combined  with  2  measures  of  oxygen,  that  the  6  measures 
of  the  two  gases  when  united  are  condensed  into  the  space  of  4 
measures,  or  into  two-thirds  of  the  bulk  which  they  occupied  when 
separate.     The  specific  gravity  of  the  gas  (i'527),  found  by  experi- 
ment, shows  that  this  conclusion  is  correct,  and  by  calculation  we 
find  that  such  should  be  the  case,  for — • 

By  weiffht.      Bj  toL.        8p.  gr. 

Nitrogen  N,  =  aS    or    63*64        I'o  =  0*971 

Oxygen  0    =  16  36*36        0*5  =  0*5528 

Nitrous  oxide        N,0  =  44         loo'oo       1*0  =  v^i^8 


PftSPA&ATION    OF   NITRIC   OXIDE.  101 

The  proportion  of  nitrogen  contained  in  the  gas  may  also  be 
ascertained  hj  means  of  potassium  ;  for  if  potassium  be  heated  in 
nitrous  oxide^  it  boms  vividly,  and  is  converted  into  potash,  leaving 
a  volume  of  nitrogen  equal  to  that  of  the  gas  employed. 

(365)  Nitric  Oxide  ;  Nitrosyl ;  formerly  Deutoxide,  or  JBin- 
oxide,  of  Nitrogen,  (NO =30)*;  Sp.  Gr.  1*039;  Atomic  Vol,  |  |  | ; 
ReL  wi.  15. — Preparation. — i.  If  nitric  acid  be  diluted  with  twice 
its  bulk  of  water,  so  as  to  reduce  it  to  a  specific  gravity  of  about 
r2,  and  be  poured  upon  copper  clippings  or  metallic  mercury 
placed  in  a  retort,  brisk  action  speedily  occurs ;  a  gentle  heat,  if 
necessary,  may  be  applied  until  it  commences ;  the  retort  becomes 
filled  with  red  fumes,  and  a  gas  is  disengaged,  which  if  collected 
over  water  will  be  found  to  be  colourless ;  i  ounce,  or  30  grms.,  of 
copper  by  solution  in  about  120  c.  c.  of  the  diluted  acid  would 
yield  nearly  420  cubic  inches,  or  about  7  litres  of  nitric  oxide.  If 
the  heat  be  too  high  the  gas  is  apt  to  be  contaminated  with  nitro- 
gen. During  this  decomposition  the  metal  may  be  supposed  to 
displace  hydrogen  from  one  portion  of  the  acid  and  form  a  nitrate, 
which  is  dissolved,  whilst  the  hydrogen,  in  the  moment  of  its  libe- 
ration, decomposes  another  portion  of  the  acid,  forming  water  and 
setting  nitric  oxide  at  liberty.  The  following  equation  shows  the 
reaction  which  occurs  between  3  atoms  of  coppe^r  and  8  of  nitric 
add,  resulting  in  the  formation  of  2  atoms  of  nitric  oxide,  3  of 
cnpric  nitrate,  and  4  of  water : — 

Capper.  Kitric  aoid.  Cnprio  nitnte.  Nitric  oxide.  Wster. 


3CU    +     8HNO3    =    3(Cu2N05)    +    2NO    +    4H2O. 

a. — ^Nitric  oxide  gas  may  also  be  obtained  perfectly  pure  by 
digesting  hydrochloric  acid  with  iron  filings  till  it  will  dissolve  no 
more,  decanting  the  clear  liquid,  and  adding  to  it  its  own  bulk  of 
hydrochloric  acid:  on  placing  the  solution  in  a  retort,  and  adding 
potassic  nitrate,  the  nitric  oxide  is  immediately  evolved  in  large 
quantity  (Pelouze).  The  reaction  is  not  so  simple  as  in  the  pre- 
ceding case ;  it  may  be  represented  as  follows  : — 

Hydroefalor.         Poteasio  Ferrie  Water  PotMsio  Nitric 

acid.  nitrate.  chloride.  '  chloride.  oxide. 


6PeCI,     +   8HCI    +    2KNO,  give   3Fe,Cl«   +  4UjO  +  2KCI    +    2NO. 

A  simple  modification  of  this  method  consists  in  placing  in  a 

retort  30  grms.  of  commercial  nitre,  240  grms.  of  ferrous  sulphate, 

and  pouring  upon  them  250  cubic  centim.  of  diluted  sulphuric  acid 


*  The  yapoar  density  of  this  compoand  is  anomaloas,  NO  yielding  2  volames 
(H  =  I  vol.)  instead  of  N,0,  as  would  be  requisite  if  the  compoand  loilowed  the 
lUHial  law. 
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(i  measure  of  acid  to  3  measures  of  water).  Such  a  mixture  will 
give  about  7  litres  of  pure  nitric  oxide. 

Composition, — ^The  composition  of  nitric  oxide  cannot  be  ascer- 
tained by  detonation  with  hydrogen;  for  equal  volumes  of  hydro- 
gen  and  nitric  oxide  bum  quietly  with  a  green  flame  on  the 
approach  of  a  burning  body.  Davy  analysed  nitric  oxide  by 
heating  charcoal  strongly  in  it;  2  volumes  of  the  gas  by  this 
treatment  furnish  i  volume  of  nitrogen,  and  i  volume  of  carbonic 
anhydride :  but  carbonic  anhydride  contains  its  own  volume  of 
oxygen;  nitric  oxide  must  therefore  have  consisted  of  i  volume 
of  nitrogen  united  without  condensation  with  i  volume  of  oxygen. 
The  density  of  the  gas  (1*039)  foxmd  by  experiment  confirms  the 
correctness  of  this  result,  for  by  calculation, 

"Bj  weight.  By  voL        8p.  f[r. 

Nitrogen  N    =     14  or  46*67         i  vol.  or  0*5  =  0*486 

Oxygen  0    =     16       5333        i  vol.        05  =  0*553 

Nitric  oxide  NO  =    30     loo'oo       a  vols.      i*o  =  1*038 

Potassium  bums  when  heated  in  the  gas,  potash  being  produced. 
If  the  experiment  be  conducted  in  such  a  manner  as  to  allow  the 
residual  gas  to  be  measured  after  the  combustion  is  over,  2  volumes 
of  nitric  oxide  will  be  found  to  leave  i  volume  of  nitrogen.  A 
similar  result  is  obtained  when  tin  is  heated  in  the  gas. 

Properties, — Nitric  oxide  has  a  strong  disagreeable  odour,  and 
cannot  be  respired.  It  has  hitherto  resisted  all  attempts  to  liquefy 
it.  Water  does  not  dissolve  more  than  one-twentieth  of  its  bulk 
of  this  gas.  Nitric  oxide  is  the  most  stable  of  the  oxides  of  nitro- 
gen ;  it  may  even  be  exposed  to  a  red  heat  without  undergoing 
decomposition,  but  a  succession  of  electric  sparks  converts  it,  if  it 
be  moist,  into  a  mixture  of  nitrogen  and  nitric  acid :  and  if  di- 
gested upon  moistened  iron  filings,  or  a  moist  sidphide  of  one 
of  the  alkali-metals,  it  is  slowly  converted  into  nitrous  oxide. 
Many  burning  bodies,  such,  for  instance,  as  a  lighted  taper,  or 
phosphorus  just  kindled,  are  extinguished  when  plunged  into  the 
gas;  but  a  decomposition  of  the  gas  will  be  effected  if  the  phos- 
phorus be  burning  vigorously,  and  it  will  deflagrate  with  a  bril- 
liancy equal  to  that  produced  by  its  combustion  in  oxygen.  If  a 
thin  bulb  containing  a  few  drops  of  carbonic  disulphide  be  placed 
in  a  jar  of  nitric  oxide,  closed  by  a  glass  plate,  and  agitated 
briskly,  so  as  to  break  the  bulb  and  difiuse  the  vapour  through 
the  gas,  a  mixture  will  be  obtained  which  on  the  approach  of  a 
flame  deflagrates  with  an  intense  white  light. 

Nitric  oxide  is  completely  absorbed  by  a  solution  of  ferrous 
sidphate,  with  which  it  forms  a  deep  reddish-brown  liquid.     All 
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the  ferrous  salts  exert  a  similar  action,  and,  according  to  P^got, 
2  atoms  of  the  salt  of  iron  absorb  i  atom  of  nitric  oxide,  the 
solution  in  the  case  of  the  sulphate  containing  (aFeSO^NO). 
The  deep  colour  of  the  liquid  thus  formed  is  employed,  as  has 
already  been  mentioned  (363),  for  the  purpose  of  ascertaining  the 
presence  of  nitric  acid  in  solution.  This  liquid  absorbs  oxygen 
rapidly  from  the  air  or  from  gaseous  mixtures ;  when  heated, 
most  of  the  nitric  oxide  is  expelled  from  it  unchanged.  Solutions 
of  stannous  and  mercurous  salts  also  absorb  nitric  oxide,  but  they 
undergo  change,  and  the  gas  cannot  again  be  expelled  from  them 
by  heat.  Nitric  acid  likewise  absorbs  the  gas  rapidly :  if  the  acid 
be  concentrated,  the  solution  becomes  reddish  brown ;  if  more 
diluted,  it  is  green;  if  still  weaker,  the  solution  is  blue,  but  it 
diluted  below  a  specific  gravity  of  1*15,  little  of  the  gas  is  ab- 
sorbed, and  the  acid  remains  colourless. 

Nitric  oxide  is  neither  acid  nor  alkaline  in  its  characters.  It 
has,  however,  a  very  powerful  attraction  for  oxygen,  and  to  this 
circumstance  is  owing  one  of  the  most  characteristic  properties  of 
the  gas : — when  mixed  with  oxygen,  or  with  any  gas  containing 
uncombined  oxygen,  dense  red  fumes  are  produced.  These  red 
fames  are  freely  soluble  in  water,  and  furnish  an  acid  liquid. 
Formerly  this  circumstance  was  employed  to  determine  the  quan- 
tity of  oxygen  in  mixture  with  other  gases ;  but  the  method  is 
now  abandoned,  as  the  absorption  is  not  uniform,  owing  to  the 
formation  in  uncertain  quantity  of  a  mixture  of  the  soluble  oxides 
o[  nitrogen.  It  may,  however,  be  used  with  advantage  as  a  quali- 
tative test  to  demonstrate  the  existence  of  uncombined  oxygen  in  a 
gaseous  mixture.  Nitric  oxide  also  unites  with  half  its  volume  of 
chlorine  when  the  two  gases  are  mixed,  and  nitrous  oxychloride 
NOCl  is  formed  {377). 

{^66)  Nitrous  Anhydride  (N303=76). — Preparation. — i. 
By  mixing  in  an  exhausted  flask  4  volumes  of  nitric  oxide  with  i 
Tolume  of  oxygen,  both  in  a  perfectly  dry  state,  brownish-red 
fames  of  nitrous  anhydride  are  formed,  which  at  a  temperature 
of  o^  (—18^  C.)  become  condensed  into  a  blue  very  volatile  liquid, 
which  emits  a  red  vapour. 

a. — Nitrous  anhydride  may  also  be  obtained  nearly  in  a  state 
of  purity,  by  heating  in  a  capacious  retort  i  part  of  starch  with 
8  parts  of  nitric  acid  of  sp.  gr.  1*25  :  it  may  be  dried  by  passing 
it  over  calcic  chloride,  and  may  then  be  liquefied  by  transmission 
through  a  U-shaped  tube  surrounded  by  a  mixture  of  ice  and  salt. 

Propertie$. — ^A  small  quantity  of  water  converts  the  anhydride 
into  nitrous  acid^  but  a  larger  quantity  quickly  decomposes  it 
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into  nitric  acid  and  nitric  oxide :  hence  the  presence  of  a  small 
quantity  of  water  converts  the  blue  into  a  dark  green  liquid,  but 
a  larger  quantity  decomposes  it  with  effenrescence :  nitric  acid  is 
formed,  and  nitric  oxide  escapes.  This  last  reaction  may  be  thus 
represented :  H3O  +  sNjOg  give  ^HNO, + 4NO. 

Nitrites. — ^Though  in  its  uncombined  form  nitrous  anhydride 
is  decomposed  by  water  with  facility,  yet  nitrosion  (NOj)  forms 
permanent  compounds  with  the  metals  of  the  alkalies :  these  salts 
are  called  nitrites.  Their  general  formula  is  M^NO,.  If  nitric 
oxide  be  placed  over  a  solution  of  caustic  potash,  and  small  quan- 
tities of  oxygen  be  added,  potassic  nitrite  is  produced  in  the  liquid ; 
and  if  nitre,  or  sodic  nitrate,  be  heated  to  redness  until  the  gas 
which  is  evolved  begins  to  contain  nitrogen,  the  residue  will  be 
foimd  to  be  composed  chiefly  of  potassic  or  sodic  nitrite.  These 
nitrites  are  soluble  in  alcohol,  and  may  thus  be  separated  from  the 
corresponding  nitrates,  which  are  insoluble.  The  normal  nitrites 
of  sodium,  silver,  and  lead,  are  anhydrous.  A  considerable  number 
of  double  nitrites  of  potassium  may  be  formed.  Lang  has,  for 
instance,  among  others,  described  the  following  : — 

Nitrite  of  potassium      aKNOjjHjO 

and  bariam        3KN0,3a2N0„H,0 
and  zino  2EN0^ZQaN0^H^0 

barium  and  )      ^KNO^BaiNO, Jfi2N0,. 
nickel...  ) 


If  the  nitrite  either  of  potassium  or  of  sodium  be  dissolved  in 
water,  and  argentic  nitrate  be  added,  a  sparingly  soluble  argentic 
nitrite  is  precipitated :  by  dissolving  this  precipitate  in  hot  water, 
it  is  obtained  pure  in  crystals  as  the  liquid  cools.  The  addition 
of  cold  diluted  sulphuric  acid  to  a  solution  of  a  nitrite  decomposes 
the  salt,  and  the  liquid  then  becomes  of  a  brownish-red  colour  on 
adding  a  solution  of  ferrous  sulphate.  The  nitrites  may  thus  be 
distinguished  from  the  nitrates,  since  the  latter  do  not  change 
colour  when  similarly  treated,  unless  heat  be  applied.  A  very 
minute  trace  of  any  nitrite  may  be  detected  by  mixing  a  dilute 
solution  of  potassic  iodide,  free  from  iodate,  with  starch  and  a 
little  diluted  hydrochloric  acid  (sp.  gr.  i*oo6) ;  the  liquid  to  be 
tested,  after  being  acidulated  with  hydrochloric  acid,  is  then  to  be 
added  to  the  test  mixture,  when  the  blue  colour  of  iodide  of 
starch  wiU  appear,  even  when  only  traces  of  a  nitrite  are  present. 
Acid  solutions  of  the  nitrites  destroy  the  blue  colour  of  indigo  at 
ordinary  temperatures,  acting  in  this  as  in  the  preceding  cases 
by  its  oxidizing  powers ;  but  in  other  instances  it  shows  reducing 
powers  equally  marked.     Acidulated  solutions  of  the  nitrites,  for 
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example^  bleach  potassic  permanganate^  and  slowly  reduce  potassic 
chromate  to  a  green  salt  of  chrominm.  The  auric  chloride  is 
reducible  to  metallic  gold  by  these  salts^  and  mercurous  salts  give 
with  a  nitrite  a  grey  precipitate  of  reduced  mercury. 

The  presence  of  nitrites  in  the  well  waters  of  towns  is  of  com- 
mon occurrence,  probably  owing  to  the  oxidation  of  ammonia. 
Nitrous  acid  is  formed  from  ammonia,  when  the  latter  is  in  con- 
tact with  atmospheric  air  in  the  presence  of  platinum  black,  or  of 
a  coil  of  heated  platinum  wire ;  if  a  coil  of  red-hot  platinum  wire 
be  held  in  a  jar  of  air  moistened  with  a  few  drops  of  a  strong 
solution  of  ammonia,  white  fumes  of  ammonic  nitrite  will  be 
formed.  The  contact  of  metallic  copper  is  still  more  effectual  in 
promoting  the  formation  of  nitrous  add  from  ammonia,  when  free 
oxygen  is  present ;  if  a  small  quantity  of  pulverulent  copper  be 
shaken  up  in  a  bottle  of  air,  with  a  few  drops  of  a  solution  of 
ammonia,  the  oxygen  will  be  absorbed  in  a  few  minutes,  and  nitrous 
acid  will  be  found  in  the  liquid.  Even  bright  slips  of  copper 
effect  a  similar  oxidation  of  the  ammonia,  whilst  oxide  of  copper 
is  formed  simultaneously.  The  cause  of  these  phenomena  is 
obscure ;  they  belong  to  the  class  of  actions  commonly  known  as 
catalytic.  According  to  Schonbein,  the  white  ftimes  produced 
during  the  spontaneous  oxidation  of  phosphorus  in  air  consist,  not 
rf  phosphorous  anhydride,  but  of  ammonic  nitrite  formed  by  the 
action  of  the  ozone  upon  moist  air. 

Schonbein  has  shown  that  the  solutions  of  the  nitrates  of  the 
alkali-metals,  as  well  as  some  other  nitrates,  may  be  reduced 
dowly  to  nitrites  by  stirring  or  agitation  with  a  rod  of  zinc  or  of 
cadmium,  the  reduction  being  accelerated  by  heat. 

(367)  Peroxide  op  Nitrogen  ;  Nitric  peroxide  or  Hyponiiric 
odd,  NgO^=92,  or  N08=46;  Melting-pt.  i8°  (-9°C.),  Peligot; 
BoUtng-pt.  71°  (22®  C). — Preparation. — i.  The  red  fumes  which 
appear  on  mixing  nitric  oxide  with  atmospheric  air  consist  mainly 
of  peroxide  of  nitrogen.  The  peroxide  may  be  procured  in  pris- 
matic crystals  by  passing  two  volumes  of  nitric  oxide  and  i  of 
oxygen,  both  perfectly  dry,  into  tubes  previously  dried  with  scru- 
pulous care,  and  cooled  down  by  a  mixture  of  ice  and  salt. 
(Peligot,  Ann.  de  Chimie,  III.  ii.  61.)  These  crystals  melt  at 
18®  F. ;  at  the  ordinary  temperature  of  the  air  they  form  an 
orange-coloured  liquid,  which  boils  at  71^,  and  produces  a  deep 
brownish-red  vapour.  It  is  remarkable  that  after  this  compound 
has  once  been  melted  it  does  not  freeze  even  at  o*^  (— i8°C.). 
This  substance  is  decomposed  by  water  with  singular  facility ;  a 
minute  trace  of  water  is  sufficient  to  prevent  the  formation  of  the 
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crystalliiie  componnd,  occasioning  in  its  stead  the  production  of  a 
green  liquid  (pTobably  NJOJSfl^,H^O),  similar  to  that  obtained  by 
tbe  distillation  of  plumbic  nitrate.  The  peroxide  of  nitrogen  vsa 
long  considered  to  possesB  acid  properties,  and  heace  was  termed 
hyponitric  acid.  It,  however,  does  not  form  specific  salts,  but  is 
immediately  decomposed  by  bases  into  a  nitrate  and  nitrite : — 

NjO^+aKHO,  yielding  KNOj  +  KNOg  +  HjO. 

Bat  when  the  liquid  peroxide  is  digested  on  a  metal,  such  as 
potassium,  lead,  or  mercury,  nitrate  of  the  metal  is  formed,  and 
nitric  oxide  is  expelled;  with  potassium  for  instance,  K  +  N,0^= 
KNOj+NO.     No  nitrite  is  formed  under  these  circumstances. 

2. — If  plumbic  nitrate  (PbaNOj)  be  dried,  and  heated  strongly 
in  a  small  glass  retort,  it  is  decomposed;  deep  red  fumes,  con- 
sisting of  a  mixture  of  peroxide  of  nitrogen  and  free  oxygen  are 
produced,  and  plumbic  oxide  is  left:  2(PbaN0j)  =  2PbO,+ sNjO^ 
+  0g.  If  tbe  red  vapour  be  made  to  pass  through  a  bent  tube 
surrounded  by  ice  and 
salt,  as  shown  in  fig.  301, 
the  peroxide  is  condensed 
to  a  liquid  which  is  green, 
owing  to  the  presence  of 
a  little  moisture.  To- 
wards the  latter  part  of 
the  distillation  the  anhy- 
drous peroxide  comes  over, 
and  if  the  receiver  be 
changed,  it  may  be  ob- 
tained in  crystals.  The 
■  melted  peroxide  is  nearly 
colourless  at  0°  ( — 18° 
C.) :  it  becomes  yellow  at 
14°  (— io°C.),  and  at  or- 
dinary temperatures  is  red.  It  has  a  specific  gravity  of  v^^i, 
boila  at  82°  (28°  C;  MiiUcr),  and  freezes  at  —40°.  It  emits 
a  dense  brownish-red  vapour,  which  becomes  deeper  in  tint  as  the 
temperature  rises,  till  at  100°  (38°  C)  it  is  almost  opaque. 

Hayfair  and  Wanklyn  have  shown  it  to  be  probable  that  at 
low  temperatures  the  compound  has  the  formula  N,0^  but  thai 
as  the  temperature  rises  it  assumes  the  constitution  NO,.  MiiUer 
{Lieb.  Ann.  cxxii.  15)  finds  the  sp,  gr.  of  tbe  vapour,  at  Sa**  (28°  C.) 
to  be  270;  N,0^=|  I  I  theoretically  would  give  3-18 ;  whilst  at 
170°  (77°  C.)  the  sp.  gravity  of  the  vapour  is  only  r-84;  and  Mit- 
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scherlicli^  at  some  temperature  not  stated^  but  probably  higher^ 
found  it  as  low  as  171;  the  calculated  density  for  the  formula 


NO,='  ;   i  is  1-591. 

or  N,  2  or  i*o  = 
O4  4       2*0  = 

Nj04  2      10 

This  will  be  seen  by  the  following  table 

Bj  weight.       B7  Tolome. 

Nitrogen           N  =  14  or  30*44    i  or  0*5  =  0*486 
Oxygen              0,=  3a      69*56    a      ic  =  1105 

=  0*972 

=    2'2II 

^^SSS^^JNO,      46    loooo    a      10       1-591 

3183 

This  vapour  has  a  peculiar^  suffocating  odour.  It  supports 
the  combustion  of  a  taper^  and  of  many  burning  bodies ;  potassium 
takes  fire  in  it  spontaneously.  K  water  be  added  gradually  to 
the  liquid  peroxide^  it  passes  through  various  tints^  becoming  suc- 
cessively orange^  yellow^  green^  blue^  and  finally  colourless^  an 
effenreacence  being  occasioned  during  the  whole  time  &om  the 
escape  of  nitric  oxide ;  finally^  nitric  acid  in  abundance  is  formed 
in  the  liquid ;  H^O + 3NOJ = NO  +  2HNO3.  The  nitric  oxide,  on 
mixing  with  the  oxygen  of  the  air,  reproduces  the  peroxide  of 
nitrogen  as  usual.  The  different  tints  assumed  by  the  liquid 
during  dilution  appear  to  be  owing  to  the  solution  of  the  nitric 
oxide  in  varying  proportion  in  the  nitric  acid  produced  by  the 
decomposition.  Peroxide  of  nitrogen  combines  directly  with 
hydrochloric  acid,  and  forms  several  chlorinated  compounds  (377). 
It  also  is  absorbed  by  concentrated  sulphuric  acid,  and  forms  a 
crystalline  compound  with  it  (^HjSO^NgO^SOj ;  412  note). 

Peroxide  of  nitrogen  may  be  distinguished  from  nitrous  acid 
by  its  power  of  imparting  to  a  neutral  solution  of  potassic  sulpho- 
cyanide  a  red  tint  closely  resembling  that  produced  in  the  same 
reagent  by  ferric  salts ;  in  a  few  minutes,  however,  the  decom- 
position proceeds  further,  and  the  liquid  becomes  colourless. 

(368)  The  important  influence  of  proportion  upon  the  products 
of  chemical  combination  is  exhibited  in  a  striking  light  by  these 
compounds  of  nitrogen  with  oxygen.  The  same  elements,  accord- 
ing to  the  quantities  in  which  they  are  united,  may,  as  in  nitric 
acid,  produce  one  of  the  most  corrosive  compounds  in  the  range 
of  chemistry ;  or  may  give  rise,  as  in  the  case  of  the  nitrous  oxide, 
to  a  stimulating  and  intoxicating  gas,  which  may  be  breathed  with 
impunity ;  while  the  intermediate  combinations  exhibit  properties 
entirely  different  fit)m  either.  A  broad  distinction  may  also  be 
easily  traced  between  the  results  of  mixture  and  those  of  true 
chemical  union.  The  properties  of  the  atmosphere  are  the  results 
of  simple  admixture :  the  chemical  qualities  of  oxygen  appearing 
to  be  simply  diluted  by  its  apparently  inert  companion,  nitrogen 
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(just  as  the  sweetness  of  sugar  is  reduced  by  the  addition  of 
water) ;  whilst  each  one  of  the  true  combinations  of  nitrogen 
with  oxygen  exhibits  characters  distinct  from  those  of  either  of 
its  components. 

§  II. — Compounds  op  Niteogen  with  Hydrogen. 

Ammonia^  Volatile  Alkali,  or  Spirit  of  Hartshorn  (HjNssiy). 
MeUing-pt.-iof  {-75'' C);  Boiling^pL  -37°  (-38°  C);  Theo- 
retic Sp.  Gr,  0*5896 ;    Observed  Sp.  Gr.  0*59 ;  Atomic  and 

MoL  Vol  Q]^ ;  Rel  tot.  85. 

(369)  This  important  compound  has  received  the  name  of 
ammonia^  from  the  circumstance  of  its  having  been  obtained  from 
a  salt  first  procured  in  Libya,  near  the  temple  of  Jupiter  Ammon, 
and  hence  termed  sal  ammoniac.  Nitrogen  and  hydrogen  do  not 
combine  directly  with  each  other;  nevertheless,  their  indirect 
combination  is  a  circumstance  of  continual  occurrence.  The 
spontaneous  decomposition  of  moist  animal  matters,  which  contain 
both  hydrogen  and  nitrogen,  and  almost  every  process  of  oxida- 
tion in  the  presence  of  moisture,  is  attended  with  the  formation 
of  ammonia.  The  hydrogen,  at  the  moment  of  its  liberation  from 
the  water  by  deoxidation,  appears  to  enter  into  combination  with 
the  nitrogen  of  the  atmosphere,  which,  to  a  small  extent,  is  held 
in  solution,  and  thus  ammonia  is  formed.  If  a  current  of  nitric 
oxide  be  transmitted  over  a  mixture  of  potassic  hydrate  and 
slaked  lime,  nitrates  of  potassium  and  calcium  are  formed,  while 
ammonia  is  generated.  Moistened  iron  filings,  if  exposed  to  the 
air,  become  rusty,  and  the  oxidized  compound  retains  a  small 
quantity  of  ammonia. 

The  deoxidation  of  dilute  nitric  acid  by  the  metals  also  fre- 
quently gives  rise  to  the  production  of  ammonia;  two  atoms  of 
oxygen  changing  places  with  four  of  hydrogen : — 

Nitric  acid.  Hydrated 

ammomam  oxide. 


N0„ 
H 


)  NH  ) 


Tin,  zinc,  and  iron  exhibit  this  effect  in  a  marked  degree 
(p.  94).  This  reaction  has  been  used  as  a  means  of  estimating  the 
quantity  of  nitric  acid  in  solutions;  for  by  dissolving  zinc  very 
slowly  in  diluted  hydrochloric  acid,  and  adding  the  nitric  solution 
in  small  quantities  at  a  time,  the  whole  of  the  nitric  acid  is  con- 
verted into  ammonia.  (Nesbit,  Q.  J.  Chem.  Soc,  i.  281.)  Har- 
court  has  improved  upon  this  method  (J.  Chem.  Soc.  1862,  xv.  381) ; 
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he  distils  the  concentrated  liquid  with  caustic  potash  and  a  mix- 
ture of  granulated  zinc  and  iron  turnings^  and  receives  the  distil- 
late containing  the  ammonia  into  a  known  weight  of  a  standard 
solution  of  sulphuric  acid. 

When  a  mixture  of  2  volumes  of  nitric  oxide  and  5  of  hydro- 
gen is  transmitted  over  spongy  platinum  or  jdatinized  asbestos 
gently  heated^  water  and  ammonia  are  produced.  Hadow  has  also 
observed  the  formation  of  ammonia  when  nitrous  acid  or  peroxide 
of  nitrogen  is  reduced  by  transmitting  either  of  them  through 
a  solution  of  hydropotassic  sulphide  (KHS)  or  through  one  of 
ferrous  acetate. 

Ammonia  exists  in  minute  quantity  in  the  atmosphere. 
AooordiDg  to  the  elaborate  reflearcbes  of  Yille,  which  appear  to  have  been 
oondocted  with  every  precaution  to  enHure  accuracy,  one  million  kilogrammes  of 
air  contained  on  the  average,  in  the  year  1849,  ^4*7  ff^^^-  ^^  ammonia,  and 
in  1850,  21 'I  grms.  This  amounts  to  about  one  volume  of  ammonia  in  twenty- 
eight  million  volumes  of  air,  or  0*035  ^*  ^*  ^^  ^^®  §^^  ^  '  cubic  metre  of  air. 
Other  experimenters  make  tbe  quantity  considerably  higher.  The  proportion  of 
ammonia  contained  in  rain  water  is  liable  to  considerable  variation :  in  j, 000,000 
parts  of  rain  water  collected  in  Paris  during  the  last  five  months  of  185 1,  Barral 
found  3*49  parts;  Boussingault,  at  Liebfraunberg,  in  1852,  found  only  0744 
parts;  and  Lawes  and  Gilbert,  at  Bothamsted,  in  i8j3  and  1854,  found  the 
average  amount  from  March  to  August  to  be  1*142,  from  September  to  February 
0*927  parts :  the  average  of  the  last  two  determinations  would  give  about  i  grain 
of  ammonia  in  14  gallons  of  rain  water,  or  about  i  gramme  of  ammonia  in  a 
oolnc  metre  of  rain  water.  Boussingault  has  corroborated  Barral's  results  by 
experiments  upon  the  rain  collected  in  Paris ;  indeed  it  is  not  surprising  that  in 
a  populous  city,  crowded  with  animal  life,  and  with  the  exuvise  of  animals,  the 
proportion  of  ammonia  in  its  atmosphere  should  be  much  higher  than  in  the  sur- 
rounding districts.  It  appears,  also,  that  a  larger  quantity  of  ammonia  is  always 
oootained  in  the  water  that  is  collected  at  the  .  commencement  of  a  shower  than 
at  the  end  of  it,  and  more  after  a  drought  than  after  a  period  of  rainy  weather. 
In  the  water  of  dews  and  fogs,  also,  the  amount  of  ammonia  was  found  to  be  much 
higher  than  in  rain  water.  The  proportion  of  ammonia  in  water  derived  from  the 
atmosphere  is,  in  short,  greater,  the  smaller  the  fall,  a  circumstance  which  is  easily 
accounted  for  by  the  high  solubility  of  the  gas  in  water.  The  atmospheric  supply 
of  ammonia  is  intimately  connected  with  the  storing  of  nitrogen  in  plants. 

Ammonia  is  also  found  in  clayey  and  in  peaty  soils^  both  of 
which  absorb  it  fireely.  When  azotised  matters  are  heated  with 
the  hydrated  alkalies^  they  are  decomposed^  and  the  whole  of  the 
nitrogen,  unless  present  in  the  form  of  a  nitrate  or  a  cyanide,  is 
disengaged  as  anmionia ;  upon  this  fact  is  based  the  usual  method 
of  determining  the  amoimt  of  nitrogen  in  organic  compounds.  For 
the  purposes  of  manufacture  ammonia  is,  however,  always  pror 
cored  by  the  distillation,  in  closed  vessels,  of  organic  matters  con- 
taining nitrogen.  During  the  distillation  of  bones,  and  of  animal 
refuse  generally,  ammouia  in  considerable  quantity  is  formed, 
and  condensed  along  with  the  foetid  products  of  the  operation. 
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But  the  principal  part  of  the  ammonia  used  in  the  country  is 
obtained  from  the  refuse  products  of  the  distillation  of  coal  for 
the  manufacture  of  gas.  Amongst  these  products  are  water^  and 
a  considerable  quantity  of  carbonate  and  sulphide  of  anmionium ; 
the  ammoniacal  salts  become  dissolved  in  the  water>  and  consti- 
tute the  ammoniacal  liquor  of  the  gas-works ;  this  liquor  is 
saturated  subsequently  with  sulphuric  or  with  hydrochloric  add, 
and  thus  ammonic  sulphate  or  chloride  (the  sulphate  or  muriate 
of  ammonia  of  commerce)  is  procured  (617). 

Preparation. — If  ^ual  weights  of  quick-lime  and  either  the 
sulphate  or  muriate  of  ammonia  be  separately  powdered  and  in- 
timately  mixed,  the  powder,  on  being  transferred  to  a  retort  and 
gently  heated,  gives  off  abundance  of  pure  ammonia,  as  a  trans- 
parent, colourless  gas,  of  the  peculiar,  pungent  odour  of  smelling 
salts ;  I  ounce  of  muriate  of  ammonia,  if  fully  decomposed,  would 
yield  about  750  cubic  in.,  or  30  grms.  about  12^  litres  of  the  gas. 
The  lime  combines  with  the  acid  and  sets  the  ammonia  at  liberty, 
calcic  chloride,  and  water  being  formed ;  the  result  when  muriate 
of  ammonia  is  used  admitting  of  representation  as  follows : — 

Lime.  Mar.  unmoni*.     Cftkrio  dikride.      Water.  Ammonia. 

cIo  +  aHjNHCl  =  C^  +   i5  +  aHjK 

Properties. — ^Ammonia  produces  a  flow  of  tears  from  the  eyes ; 
it  has  an  acrid  taste,  and,  when  breathed  in  a  concentrated  form, 
is  fatal  to  life,  from  its  irritating  effects  on  the  lungs.  In  a 
more  diluted  form  it  is  a  highly  valuable  stimulant. 

Ammonia  does  not  support  the  flame  of  burning  bodies,  but 
is  feebly  combustible  ;  a  jet  of  the  gas  directed  across  the  stream 
of  hot  air  issuing  from  a  lighted  argand  lamp,  bums  with  a  very 
pale  green  flame,  and  a  jet  of  the  gas  may  be  kindled  readily  in 
an  atmosphere  of  oxygen.  If  the  gas  be  mingled  with  an  equal 
bulk  of  oxygen,  the  mixture  may  be  detonated  by  means  of  the 
electric  spark;  water,  nitrogen,  and  traces  of  nitric  acid  are 
formed.  K  a  mixture  of  ammonia  and  air  or  oxygen  be  passed 
over  spongy  platinum,  water  and  nitric  acid  are  amongst  the 
products.  If  a  stream  of  ozonized  air  be  transmitted  into  a 
bottle  containing  a  small  quantity  of  a  concentrated  solution  of 
ammonia,  dense  white  fumes  of  ammonic  nitrite  are  formed,  owing 
to  the  partial  oxidation  of  ammonia  by  the  ozone. 

Ammonia  is  extremely  soluble  in  water,  and  must  therefore 
be  collected  either  over  mercury,  or  by  displacement,  in  the 
manner  shown  in  fig.  302.  The  latter  mode  of  collecting  it  may 
•easily  be  effected,  as  the  gas  has  little  more  than  half  the  density 
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of  atmospheric  air^  its  sp.  gr.  being  only  0*59.  Ammonia  has  a 
powerfully  alkaline  reaction,  and  turns  turmeric  paper  brown. 
When  collected  by  displace- 
ment^ the  gas  must  be  allowed 
to  pass  into  the  bottle  until  a 
piece  of  dry  turmeric  paper  held 
to  the  mouth  of  the  bottle  is 
immediately  turned  brown  ;  the 
tube  is  then  withdrawn^  and  the 
stopper,  sUghtly  greased,  is  in- 
serted. 

Ammonia  neutralizes  the  ' 
most  powerfiil  acids,  and  forms 
a  very  important  class  of  salts.  ■ 
Any  volatile  or  gaseous  acid 
brought  into  an  atmosphere  containing  ammonia^  produces  a 
white  cloud,  owing  to  the  formation  of  a  solid  salt.  This  pro- 
perty is  often  employed  to  detect  small  quantities  of  ammonia : 
slaked  lime  or  potassic  hydrate  is  mixed  with  the  solution  sus- 
pected to  contain  ammonia,  and  the  whole  gently  warmed  in  a 
tube ;  a  rod  moistened  with  hydrochloric  acid  diluted  with  half  its 
bulk  of  water  is  then  placed  in  the  upper  part  of  the  tube  or 
vessel,  and  if  ammonia  be  present,  white  fumes  appear,  even  when 
the  quantity  of  ammonia  is  too  small  to  be  distinguished  by  the 
smell.  When  ammoniacal  gas  is  required  in  a  state  free  from 
moisture  it  must  be  transmitted  over  quick-lime,  not  over  calcic 
chloride ;  for  this  salt,  as  well  as  many  other  saline  compounds, 
absorbs  ammonia  and  forms  with  it  a  definite  compound  (622). 

Ammoniacal  gas  may  be  liquefied   by  exposure  to  a  cold  of 

—40°,  or  still  more  readily  by  generating  it  under  the  pressure 

of  its  own  atmosphere.     The  easiest  method  is  the  following : — 

Argentic  chloride  in  powder  is  exposed  to  a  current  of  dry  ammoniacal  gas ; 
the  ammonia  is  rapidly  absorbed,  and  the  chloride  increases  in  weight  more  than 
one-third.  This  substance  is  placed  in  one  limb  of  a  strong  tube  bent  to  an 
obtuse  angle,  and  then  hermetically  sealed  ;  on  applying  heat  to  the  chloride,  and 
cooling  the  other  end  of  the  tube  with  a  freezing  mixture,  the  ammonia  is  con- 
densed as  a  colourless  liquid,  which  boils  at  —  38°  (Regnault),  exerts  a  pressure 
of  6*9  atmospheres  at  60°  (i.'J^'j  C),  and  has  a  specific  gravity  of  0731  (Fara- 
day; or  0*614,  Andreeflf).  By  a  cold  of  —103"  (  —  JS^  ^')»  ^^  ^  frozen  to  a 
white,  translucent,  crystalline  solid,  which  is  denser  than  the  liquid.  The  ar- 
gentic chloride  re-absorbs  the  liquefied  ammonia  at  ordinary  temperatures,  and 
slowly  reproduces  the  original  compound. 

Compontion. — The  composition  of  ammonia  may  be  ascertained 

as  follows : — If  the  dry  gas   be    subjected    to    a    succession    of 

electric  sparks,  by  the  aid  of  RuhmkorflTs  coil,  or  if  it  be  passed 

slowly  through  a  porcelain  tube  containing  iron  or  copper  turn- 
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ings^  heated  to  bright  redness^  the  gas  is  decomposed ;  it  becomes 
dilated  to  double  its  volume :  4  volumes  of  ammonia  become  8 ; 
and  the  gas  produced  may  be  shown^  by  detonating  a  portion  of 
it  with  oxygen^  to  consist  of  a  mixture  of  %  volumes  of  nitrogen 
with  6  of  hydrogen.  H,  after  adding  8  meaanres  of  this  mixture 
in  the  bent  eudiometer  to  4  of  oxygen^  so  as  to  make  12  measures 
in  the  whole^  the  electric  spark  be  transmitted^  3  measures  will  be 
left^  owing  to  the  formation  of  steam  and  its  subsequent  conden- 
sation. Since  in  the  formation  of  water  %  measures  of  hydrogen 
combine  with  i  measure  of  oxygen,  one-third  of  the  volume  of 
gas  which  has  disappeared,  or  3  measures,  will  be  oxygen,  and 
two-thirds,  or  6  measures,  will  be  hydrogen.  On  agitating  the 
residual  gas  with  a  solution  of  potassic  hydrate,  no  change  of 
bulk  will  occur,  consequently  no  carbonic  anhydride  can  have 
been  formed ;  but  on  the  addition  of  pyrogaUic  acid  {note,  p.  65) 
to  the  gas  whilst  still  in  contact  with  the  alkaline  liquid,  the 
excess  of  oxygen  will  be  absorbed.  This  will  amount  to  i 
measure,  whilst  2  measures  of  nitrogen  remain  unacted  upon ;  2 
measures  of  nitrogen  must  therefore  have  been  present  in  the 
ammonia  in  combination  with  6  of  hydrogen  which  have  become 
condensed  as  steam ;  consequently,  since  the  ammonia  doubles  its 
volume  when  decomposed  by  heat,  the  4  volumes  of  ammonia 
must  have  been  formed  by  6  volumes  of  hydrogen  and  2  of 
nitrogen,  condensed  into  half  their  bulk.  The  composition  of 
ammonia  may  therefore  be  thus  represented  : — 

By  weight.  Bj  toL        Sp.  gr. 

Hydrogen  H,  =    3  or  17*65  3  or  1*5  =  0*1036 

Nitrogen  N    =  14       82-35  i       0*5  =  0*4860 


Ammonia      H^N        17      loo'oo  2       1*0        0*5896 

Other  striking  proofs  of  the  composition  of  ammonia  are 
afforded  by  the  action  of  heat  upon  some  of  its  salts.  The  de- 
composition of  ammonic  nitrate  offers  one  of  these:  by  the 
action  of  heat,  as  already  explained  (364),  the  ammonic  nitrate 
(H^NNOj)  is  decomposed  into  water  and  nitrous  oxide, 
2H3O  +  N3O ;  the  4  atoms  of  hydrogen  in  the  ammonium  com- 
bining with  2  of  oxygen  in  the  nitrion,  and  leaving  the  nitrogen 
of  the  ammonia  to  combine  with  nitric  oxide  derived  from  the 
nitrion.  If  a  solution  of  ammonic  nitrite  be  heated,  the  salt 
is  decomposed,  water  and  pure  nitrogen  are  liberated :  the  result 
may  be  thus  represented,  H^NNOgSsaHgO-fNg :  the  hydrogen 
of  the  ammonium  is  in  this  case  exactly  sufficient  to  combine  with 
the  oxygen  of  the  nitrosion  (NOg),  forming  water :    this  is  an 
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excellent  mode  of  obtaimng  pure  nitrogen.  When  nitrogeii  is  to 
be  procured  in  this  way,  the  most  convenient  method  consists  in 
preparing  potassic  nitrite  by  saturating  a  solution  of  caustic 
potash  of  sp.  gr.  i'38,  vith  nitrous  acid  disengaged  by  acting 
upon  starch  with  nitric  acid  of  sp.  gr.  i'2j.  This  solution,  if  it 
be  teft  slightly  alkaline,  may  be  preserved  without  alteration. 
When  it  is  wanted  for  the  preparation  of  nitrogen,  the  liquid  is 
to  be  mixed  with  three  times  its  bidk  of  a  saturated  solution  of 
■al  ammoniac,  and  gently  heated  in  a  small  retort :  nitrogen  is 
evolved  abundantly,  and  with  great  regularity  (Corenwinder). 

Nitrogen  may  also  be  prepared  by  heating  muriate  of  am> 
moni*  in  fine  powder,  intimately  mixed  with  potaasic  di- 
chromate,  in  which  case  the  reaction  may  be  thus  repre- 
sented; K,CrjO,+2H,NCl=Crj03+4H,0  +  2KCl  +  N,. 

Chlorine  also  decomposes  ammonia  at  ordinary  temperatures, 
and  liberates  nitrogen  gas.  Under  certain  circumstances  it  produces 
the  detonating  compound  known  as  chloride  of  nitrogen  (386). 
Bromine  and  iodine  likewise  decompose  ammonia,  and  form  similar 
detonating  compounds,  without  producing  any  liberation  of  nitrogen. 

(370)  Solution  of  Ammonia. — A  solution  of  ammonia  in  water 
is  a  reagent  continually  required  in  the  laboratory.  When  am- 
moniacal  gas  is  passed  into  water  it  is  rapidly  absorbed,  with 
considerable  extrication  of  heat;  at  a  temperature  of  32°,  Carius 
found  that  water  takes  up  about  1050  times  its  volume  of  the 
gaa ;  at  59°,  727  times  its  volume ;  and  at  78°  (26°  C.)  586  times 
its  volume  :  water  saturated  with  ammonia  at  60°  (i5°'5  C.)  con- 
tains more  than  one-third  of  its  weight  of  the  gas,  increasing  in 
btdk  nearly  one-half,  and  becoming  specifically  lighter.  The 
following  table  indicates  the  strength  of  solutions  of  pure  ammonia 
of  di^rent  specific  gravities  : — 


Strength  of  Solutiont 

<if  Ammonia  at  5f  {14.° 

C.)  [Cariu,.] 

■  1 

Ammoxi* 

Aa»OBi> 

"«■"* 

gpKia.. 

BpKHfto 

BF«iac 

""«" 

9p«HI« 

'TS^ 

trvnxj. 

!l^!' 

gr^il/. 

':%.'?. 

■SiK 

«r.rtT. 

3« 

08844 

., 

O-905J 

iS 

093 '4 

9 

0-9631 

35 

08864 

36 

0-9078 

17 

09347 

8 

0-9670 

34 

0-8885 

'5 

0-9106 

16 

09380 

7 

09709 

33 

cSpo; 

34 

0'9'.}3 
0-91^ 

>s 

0-9414 

6 

09749 

3» 

o^Spij 

33 

1* 

0*9449 

5 

0-9790 

31 

0-S953 

0-9191 

»3 

0-9484 

4 

30 

o'!(976 

«>9"' 

u 

09510 

3 

0-9873 

S 

o'9ooi 

so 

o|:s 

09556 

0-9915 

o-9oa6 

'9 

10 

09593 

' 

o'9959 
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Solutioii  of  ammoma  ia  colourless  and  intensely  alkaline ;  it 
lias  an  acrid,  caustic  taste,  and  blisters  the  skin  if  applied  to  it 
in  a  concentrated  form ;  it  fireeses  at  about  — 40°,  yielding  a  gda- 
tinous  mass,  destitute  of  odour.  Simple  exposure  of  the  solntjon 
at  ordinary  temperatures  to  the  air  is  attended  with  an  escape  oS 
the  gas,  which  occasions  the  pungent  smell  of  the  liquid.  By  heat 
the  ammonia  is  expelled  rapidly,  with  the  appearance  of  ebulli- 
tion, thereby  furnishing  a  ready  extempore  method  of  procuring 
the  gas.  By  heating  the  liquid  for  some  time,  the  whole  of  the 
ammonia  may  be  driven  off,  so  that  nothing  but  water  is  left  in 
the  retort. 

Solution  of  ammonia  is  prepared  on  the  large  scide  by  mixing 
t<^ethcr  in  a  capacious  retort  equal  weighta  of  well-burned  quick- 
lime and  sal  ammoniac ;  the  lime  ia  slaked  and  made  into  a  paste 
with  water  before  mixture.  The  retort  is  then  connected  with  a 
series  of  bottles  similar  to  those  used  for  condensing  nitric  acid. 
If  the  operation  be  conducted  on  the  small  scale  in  the  laboratoiy, 
the  arrangement  shown  in  fig.  303  may  be  adopted.     The  three- 


Fio.  303. 


necked  bottles,  b,  c,  d,  e,  are  known  by  the  name  of  Woulfe's 
bottles  :  in  the  globe,  a,  a  small  quantity  of  water  is  placed,  to 
retain  any  solid  particles  which  may  be  mechanically  carried  over 
by  the  gas ;  in  the  first  bottle,  a  (which  may  be  kept  cool  by  im- 
mersion in  cold  water),  a  quantity  of  water  equal  in  weight  to 
that  of  the  sal  ammoniac  used  is  introduced,  taking  care  that  it 
shall  not  fill  more  than  half  the  capacity  of  the  bottle,  whilst 
the  second  contains  water  to  condense  any  gas  that  may  escape 
through  the  first.  Each  bottle  is  provided  with  a  safety  tube 
open  at  both  ends,  so  that  if  the  gas  were  absorbed  in  b,"  for 
example,  more  rapidly  than  it  was  supplied,  instead  of  the  liquid 
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being  driven  back  from  the  bottle^  c^  air  would  enter  by  the 
safety  tube^  and  the  eqmlibrinm  would  be  restored.  The  tube 
which  delivers  the  gas  passes  down  through  the  safety  tube^  and 
projects  a  little  beyond  its  lower  openings  so  that  the  gas  rises  in 
bubbles  through  the  liquid  and  collects  in  the  bottle ;  an  air- 
tight joints  which  can  be  mounted  and  dismounted  immediately^ 
18  thus  obtained. 

Solution  of  ammonia^  if  pure^  should^  when  evaporated,  leave 
no  solid  residue ;  the  presence  of  carbonic  acid  may  be  detected  by 
lime-water,  which  it  renders  milky ;  that  of  chlorine  by  acidu- 
lating slightly  with  pure  nitric  acid,  and  adding  argentic  nitrate, 
when  it  gives  a  white  cloud ;  that  of  sulphuric  acid  by  a  white 
precipitate  with  baric  nitrate  after  dilution  and  saturation  with 
nitric  add;  that  of  lime  by  a  white  precipitate  jon  adding  ammonic 
oxalate ;  and  that  of  copper  or  lead  derived  from  the  apparatus, 
by  a  black  or  brown  precipitate  or  cloud  with  sulphuretted 
hydrogen.  Lead  in  small  quantity  is  a  very  frequent  impurity 
in  the  commercial  solution ;  it  is  usually  derived  from  the  action 
of  the  ammonia  on  the  flint  glass  bottles  in  which  it  is  often 
improperiy  kept. 

Alcohol  also  dissolves  ammonia  in  abundance. 

The  salts  of  ammonia  will  be  described  with  those  of  the  other 
alkalies,  and  the  tests  for  ammonia  will  be  given  at  the  same  time. 

(371)  Ahidogen?  (HjjN  =  i6). — Ammonia  is  the  only  com- 
pound of  hydrogen  and  nitrogen  that  has  been  obtained  in  the 
isolated  form.  When,  however,  potassium  is  heated  gently  in 
perfectly  dry  ammoniacal  gas,  the  ammonia  disappears,  half  its 
volume  of  hydrogen  is  liberated,  and  a  frisible,  olive-green  com- 
pound is  formed,  consisting  of  KH^N.  The  ammonia  is  decom- 
posed by  the  potassium  in  the  following  manner:  2H3N-fK3 
becomes  aKH^N  -I-  H^.  The  compound  H^N  has  received  the  name 
of  anUdogen,  and  is  supposed  by  some  chemists  to  be  capable  of 
existing  in  combination  with  several  metals  and  with  a  variety 
of  bodies  derived  from  the  organic  kingdom,  though  late  re- 
searches have  rendered  it  more  probable  that  all  these  bodies 
are  to  be  regarded  as  substitution-products  formed  upon  the  type 
of  ammonia.  Compounds  of  this  class  have  received  the  name  of 
mddes ;  they  will  be  more  conveniently  examined  hereafter. 

Ajihoniuh  (H^N=i8). — This  compound,  as  is  the  case  with 
amidogen,  has  not  been  obtained  in  a  separate  form.  All  the  usual 
so-called  salts  of  ammonia,  however,  appear  to  contain  it.  Am- 
monic nitrate,  for  example,  when  formed  by  the  action  of 
ammonia  on  nitric  acid,  is  not  accompanied  by  any  separation 
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of  the  elements  of  water^  which  cannot  be  expelled  by  heat  with- 
out the  entire  decomposition  of  the  salt  (364);  HgN+HNO, 
becoming  H^N^NO,.  Sal  ammoniac  is  on  this  view  regarded  as 
ammonic  chloride  H^N^Cl.  The  full  discussion  of  the  grounds 
upon  which  this  theory  rests  will  be  best  postponed  till  we  enter 
upon  a  description  of  the  salts  of  ammonia  (610  et  seq.)* 


CHAPTER   VI. 

THE    HALOGENS. 


(372)  Before  proceeding  to  notice  some  other  compounds  of 
the  four  elements  already  described^  it  will  be  desirable  to  examine 
the  other  non-metallic  simple  substances.  We  pass  on^  therefore^ 
to  a  group  of  four  closely  allied  bodies^  viz.,  chlorine,  bromine, 
iodine,  and  fluorine,  all  of  which  are  monads.  These  elements 
are  characterized  by  the  powerM  activity  of  their  chemical 
attraction  for  other  substances  at  the  ordinary  temperature  of 
the  air ;  and  consequently  none  of  them  are  found  in  an  uncom- 
bined  state.  They  form  with  the  metals  compounds  analc^us 
to  sea  salt,  and  have  hence  been  termed  halogens^  or  salt-pro- 
ducers (&om  oKq,  sea  salt). 

§  I.  Chlorine:  0=35*5;  Theoretic  Sp.  Gr,  2*453;  Observed 
Sp,  Gr.  2*47 ;  Atomic  Vol.  Q  ;t  Rel.  wt.  35-5 ;  Monad,  as 
in  HCL 

(373)  Chlorine,  the  most  important  member  of  the  group  of 
halogens,  was  discovered  by  Scheele  in  1774.  It  is  abundantly 
met  with  in  combination  with  sodium,  with  which  it  constitutes 
ordinary  table  salt.  This  necessary  of  life  occurs  plentifully  in 
beds  in  various  parts  of  the  world,  and  is  the  most  abundant  of 
the  saline  bodies  contained  in  the  waters  of  the  ocean.  It  con- 
tains 6o*68  per  cent,  of  chlorine. 

Properties. — Chlorine  is  a  transparent  gas  of  a  greenish- 
yellow  colour  (whence  the  name  is  derived,  from  ^Xwpoc,  green), 

*  A  base  to  which  the  name  of  hydroxylamine  (H,ON)  has  been  given,  was 
dificovered  by  Lossen,  amongst  the  products  of  the  decomposition  of  nitric  ether. 
It  famishes  crysta1lizab]e  salts. 

t  Gaseous  chlorine  is  now  regarded  as  chloric  chloride,  and  consequently  its 
molecular  volume  is  (ClCl)  =  2  vols,  or  \    \    1,  and  its  molecular  weight  =  71.    The 
molecular  volume  of  all  the  halogens  in  their  fVee  state  will  be  2,  if  that  of 
chlorine  be  so  regarded ;  the  free  substances  being  viewed  respectively  as  fluoric 
fluoride,  bromic  bromide,  and  iodic  iodide. 
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and  of  a  powerftd  suffocating  odour,  producing,  if  breathed,  even 
when  largely  diluted  with  air,  distressing  irritation  of  the  air 
passages,  attended  with  coughing.  It  is  much  heavier  than  air ;  a 
litre  at  o°  C.  and  760™^*  weighs  3*208  grms.,  or  100  cubic  inches 
at  60°  F.  and  30  inches  Bar.  weigh  between  77  and  78  grains. 
Under  a  pressure  of  4  atmospheres  at  60*^,  it  is  condensed  to  a 
yellow  limpid  liquid,  of  sp.  gr.  about  1*33 ;  it  does  not  conduct 
electricity,  and  remains  unfrozen  even  at  the  cold  of  — %%o^ 
( — 140°  C).  Chlorine  is  soluble  in  about  half  its  bulk  of  cold 
water ;  this  solution,  which  is  readily  formed  by  agitating  the  gas 
and  water  together,  has  the  colour,  odour,  and  astringent  taste  of 
the  gas.  According  to  Schonfeld,  water  at  50°  (10®  C.)  dissolves 
2*585  times  its  bulk  of  the  gas ;  at  59®,  2*368,  and  at  104®  (40*^  C.) 
1*365  times  its  bulk.  Chlorine,  in  consequence  of  this  solu- 
bility, cannot  be  advantageously  collected  over  cold  water. 
Mercury  is  acted  upon  by  the  gas  with  great  rapidity.  It  is 
necessary,  therefore,  either  to  use  warm  water  in  the  pneumatic 
trough,  or  to  receive  the  gas  by  the  process  of  displacement  in 
dry  bottles.  With  water,  chlorine  forms  a  definite  hydrate 
(C1,5H30),  which  crystallizes  at  32°  (0°  C.) ;  this,  if  it  be  en- 
closed in  hermetically  sealed  tubes,  furnishes  a  ready  method  of 
obtaining  liquefied  chlorine,  since  it  is  easily  decomposed  by  a 
gentle  heat  into  water  and  free  chlorine ;  the  latter  amounts  to 
about  one-fourth  of  the  volume  of  the  liquid. 

Chlorine  is  not  combustible,  and  it  does  not  combine  directly 
with  oxygen.  A  taper  bums  in  it  with  a  reddish,  smoky  flame, 
the  hydrogen  of  the  combustible  vapour  of  the  wax  combining 
with  the  chlorine,  whilst  part  of  the  carbon,  for  which  its  chemi- 
cal attraction  is  but  small,  is  deposited.  Many  bodies,  however, 
take  fire  spontaneously  when  introduced  into  chlorine;  this  is 
the  case  with  phosphorus :  many  of  the  metals  in  a  finely  divided 
state  do  the  same ;  among  them  are  copper  leaf,  finely  powdered 
antimony,  and  arsenicum.  A  great  number  of  organic  substances 
rich  in  hydrogen  are  decomposed  by  chlorine,  sometimes  with  such 
rapidity  as  to  inflame  them ;  a  bit  of  paper  dipped  into  oil  of  tur-* 
pentine  and  plunged  into  the  gas  bursts  into  flame,  and  deposits 
an  abundance  of  a  black  carbonaceous  compound. 

The  action  of  chlorine  upon  bodies  containing  hydrogen  is 
often  of  a  very  peculiar  kind.  It  combines  with  part  of  the 
hydrogen  and  withdraws  it  from  the  combination ;  each  atom  of 
hydrogen  uniting  with  an  atom  of  chlorine,  and  forming  a  power- 
ful acid,  the  hydrochloric  (HCl) ;  whilst  at  the  same  time  for 
each  atom  of  hydrogen  so  withdrawn  from  the  original  compound^ 
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an  atom  of  chlorine  is  substituted.  It  is  in  tliis  way  that  chlorine 
exerts  those  bleaching  powers  which  have  rendered  so  essential  a 
service  to  the  calico-printer  and  the  paper-maker.  Most  of  the 
vegetable  colouring  matters  contain  hydrogen^  and  are  decom- 
posed by  chlorine^  whilst  colourless,  or  nearly  colourless,  com- 
poimds  containing  chlorine  are  formed  instead  of  the  coloured 
compounds  with  hydrogen.  If  a  solution  of  chlorine  be  mixed 
with  some  of  the  blue  liquid  formed  by  dissolving  indigo  in  sul- 
phuric acid,  or  with  ordinary  writing  ink,  or  with  tincture  of 
litmus,  the  colour  will  in  each  case  be  inmiediately  and  almost 
completely  discharged,  and  it  cannot  be  subsequently  restored. 

Another  property  of  chlorine  of  great  value  is  its  disin- 
fecting power,  —  by  which  is  meant  its  power  of  destroying 
noxious  vapours  and  miasmata;  with  this  view  it  is  firequently 
employed  for  fumigating  buildings  after  the  occurrence  of  con- 
tagious diseases. 

Extraction. — i.  The  preparation  of  gaseous  chlorine  is  prac- 
tised on  an  enormous  scale  in  the  manufacture  of  bleaching 
powder,  or  chloride  of  lime.  It  is  generally  prepared  in  capa- 
cious stills,  sufBiciently  large  to  hold  200  gallons  or  about  900 
litres  of  liquid ;  these  are  usually  made  of  Yorkshire  flags  clamped 
together  with  ironwork,  and  the  joints  rendered  tight  by  vul- 
canized caoutchouc.  The  lower  part  of  these  stills  is  enclosed  in 
a  case  through  which  a  current  of  steam  is  transmitted.  Hydro- 
chloric acid  in  solution,  of  specific  gravity  from  i'i6o  to  i'i70 
(which  is  obtained  as  a  waste  product  in  the  manufacture  of  sodic 
carbonate  from  sea  salt),  is  run  through  a  curved  fonnel  into  the 
stills,  previously  charged  with  oxide  of  manganese  in  small  lumps. 
The  hydrogen  of  the  acid  is  wholly  converted  into  water  by 
the  oxygen  of  the  oxide  of  manganese,  one-half  of  the  chlorine 
combining  with  the  manganese  whilst  the  other  half  escapes  in 
the  gaseous  form ;  the  reaction  is  illustrated  by  the  following 
symbols : — 

Manganic  dioxide.      Hydroohlor.  add.     Haoganons  ohlor.  Water.  Chlorine. 

MnOjj^    -h     4HCf    =    '  MnClj^      +      ^Rfi     +      O^ 

This  process  may  also  often  be  resorted  to  on  the  small  scale  in  the 
laboratory  with  advantage.  Three  ounces  or  100  grms.  of  powdered 
oxide  of  manganese  with  half  a  pint  (350  cub.  centim.)  of  the  com- 
mercial muriatic  acid  diluted  with  3  ounces  (100  c.  c.)  of  water,  will 
yield  between  3  and  4  gallons  (about  15  litres)  of  the  gas.  Care 
must  be  taken  not  to  use  an  acid  more  dilute  than  1*15  in  the  pre- 
paration of  the  gas ;  since,  owing  to  a  neglect  of  this  precaution. 
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explooioiifl  liaye  in  some  instances  occurred  in  operating  on  the 
large  scale:  hypocMorous  acid^  or  one  of  the  lower  explosive 
oxides  of  chlorine^  was  probably  formed  in  these  cases. 

a.  Chlorine  may  also  be  easily  obtained  from  a  mixture  of 
loj  parts  by  weight  of  oil  of  vitriol,  previously  diluted  with  7 
parts  of  water,  and  allowed  to  cool,  and  4  parts  of  pounded 
sodic  chloride  mixed  intimately  with  3  parts  of  finely  pulverized 
black  oxide  of  manganese.  In  this  case  the  whole  of  the  chlorine 
is  expelled  in  the  gaseous  state,  the  sodium  remaining  in  the  form 
of  hydro-sodic  sulphate,  and  the  manganese  in  that  of  manganous 
sulphate,  whilst  the  oxygen  of  the  oxide  is  separated  in  the  form 
of  water  produced  by  combination  with  hydrogen  derived  from 
the  oil  of  vitriol.  The  decomposition  may  be  represented  as  fol- 
lows : — 


Mn03  +  aNaa+3H3SO^=MnSO^+2NaHSO^  +  2H3O  +  Clj. 

The  gas  comes  off  slowly  in  the  cold,  but  freely  on  the  application 
of  a  gentle  heat.  A  little  hydrochloric  acid  is  always  formed  in 
the  reaction ;  this  acid  is  easily  removed  from  the  chlorine  by 
allowing  the  gas  to  bubble  up  through  a  vessel  containing  water, 
in  the  manner  shown  in  fig.  299,  where  a  similar  apparatus  is 
employed  for  carbonic  oxide. 

U9es. — Besides  the  application  of  chlorine  on  the  large  scale, 
in  bleaching,  it  is  frequently  employed  for  disinfecting  purposes. 
In  the  laboratory  it  is  in  continual  requisition  as  an  oxidizing 
agent :  owing  to  its  attraction  for  hydrogen  it  readily  decomposes 
water,  and  liberates  oxygen,  which  at  the  moment  that  it  is  set 
free  enters  readily  into  combination.  The  preparation  of  potassic 
chlorate  (382),  of  ferric  acid  (759),  and  of  the  sesquioxides  of 
cobalt  and  nickel  (720,  730),  afford  illustrations  of  this  mode  of 
employing  it ;  and,  in  researches  upon  the  nature  of  many  pro- 
ducts fiirmshed  by  organic  chemistry,  it  often,  as  in  the  series 
of  compounds  obtained  from  Butch  liquid  (488),  is  used  as  a 
means  of  throwing  light  upon  their  molecular  constitution. 

CMorides, — Chlorine  combiaes  with  all  the  non-metals,  uniting 
spontaneously  with  many  of  them,  and  forming  compounds  of 
great  importance;  it  also  enters  into  combination  with  all  the 
metals,  several  of  which  it  attacks  energetically  at  common  tem- 
peratures, exhibiting  the  usual  phenomena  of  combustion ;  the  com- 
pounds which  it  forms  are  termed  chlorides.  With  the  exception 
of  argentic  chloride,  and  mercurous  and  cupreous  chlorides,  they 
are  all  more  or  less  soluble  in  water.     The  lower  chlorides  of 
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gold  and  platinum,  and  chloride  of  lead  are  but  sparingly  solublCj 
especially  the  former  two.  It  frequently  happens  that  chlorine 
combines  with  the  same  metal  in  more  proportions  than  one :  for 
example,  with  iron,  ferrous  chloride  (FeCIjj)  and  ferric  chloride 
(Fe^CI^)  may  be  formed ;  with  platinum,  pliatinous  chloride  (PtClj), 
and  platinic  chloride  (PtCl^  formerly  distinguished  as  the  bi- 
chloride) may  be  obtained ;  and  generally,  for  each  basic  oxide 
of  the  metal,  a  corresponding  chloride  exists  (538). 

Chlorine  when  in  solution  in  the  uncombined  form  is  easily 
recognized  by  its  odour  and  its  bleaching  properties.  Both  when 
free,  and  when  combined  with  a  metal,  it  giyes,  on  the  addition  of 
a  solution  of  argentic  nitrate,  a  curdy,  flocculent,  white  preci- 
pitate which  changes  to  violet  on  exposure  to  light :  this  white 
precipitate  consists  of  argentic  chloride,  and  is  easily  re-dissolyed 
by  adding  a  small  quantity  of  solution  of  ammonia,  but  it  is  in- 
soluble in  nitric  acid  even  at  a  boiling  temperature.  When  fr^e 
chlorine  acts  upon  ai^entic  nitrate,  a  small  quantity  of  chlorate 
is  formed  with  the  chloride,  whilst  nitric  acid  is  liberated: 
3Cl,+6AgN03+3H30=5Aga+Aga03t6HNO,. 

(374)  Hydrochloric  Acid:  Muriatic  acid,  Hydric  chloride, 
(HC1=36*5) ;  Theoretic  Sp.  Gr.  i*a6io ;  Observed,  1*2474;  Atomic 
and  MoL  Vol.\    \     \;  Bel.  tot.  18-25. — ^^  ^^^  important  of  the 


compounds  of  chlorine  with  the  non-metals  is  that  which  it  forms 
with  hydrogen.  The  two  gases  may  be  mixed  in  equal  volumes,  and 
they  will  remain  without  action  upon  each  other,  if  kept  in  the 
dark;  but  the  moment  that  they  are  brought  into  direct  sun- 
light they  unite  with  a  powerful  explosion,  and  a  colourless,  in- 
tensely acid  gas  is  the  product.  In  diffused  daylight  the  com- 
bination takes  place  gradually ;  but  the  application  of  a  lighted 
match,  or  the  passage  of  the  electric  spark  through  the  mixture, 
instantly  determines  its  explosion.  One  voliune  of  chlorine  unites 
thus  with  I  volume  of  hydrogen,  producing  2  voliunes  of  hydro- 
chloric acid;  no  condensation  therefore  occurs  in  the  act  of 
union.  The  composition  of  hydrochloric  acid  is  consequentiy 
the  following : — 

B7  weight.  By  toI.  Sp.  gr. 

Chlorine  ...    CI    =  35*5  or  97*26        i  or  0*5  =  V226^ 

Hydrogen        ...    H     =     I'o         274        i        0*5  =  0*0345 

Hydrochloric  acid  HCl  =  36*5      loo'oo         2       I'o  =1*2610 

So  powerful  is  the  attraction  of  chlorine  for  hydrogen,  that 
if  either  a  solution  of  chlorine  in  water,  or  the  gas  itself  in  a 
moist  state,  be  exposed  to  the  sun's  rays,  water  is  decomposed, 
hydrochloric  acid  is  formed,  and  the  oxygen   of  the  water  is 
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liberated :  in  the  dark,  however,  chlorine  has  no  power  to  decom- 
pose water. 

If  moist  chlorine  be  trsnamitted  through  a  red-hot  porcelain 
tube,  hydrochloric  acid  is  formed,  and  oxygen  is  set  free ;  aH^O  + 
aClj=4HCl+0j;  though,  on  the  other  hand,  when  hydrochloric 
acid  gaa  is  mixed  with  air  and  transmitted  through  an  ignited 
porcelain  tube,  chlorine  is  liberated  and  water  is  produced. 

The  composition  of  hydrochloric  acid  may  he  analytically  de- 
termined  by  heating  sodium  in  a  measured  volume  of  the  gas. 
The  metal  bums  vividly,  and  liberates  a  quantity  of  hydrogen 
eqoal  in  bulk  to  that  of  half  the  gas  employed ;  common  salt  is 
formed  at  the  same  time.  Analogous  results  are  obtained  if  iron 
or  tin  be  substituted  for  sodium ;  ferrous  or  stannous  chloride 
being  formed,  whilst  hydrogen  is  set  at  liberty.  As  Hofinann 
has  shown,  the  decomposition  may  also  be  effected  without  the 
aid  of  heat  by  agitating  a  given  measure  of  dry  hydrochloric  acid 
gas  with  an  amalgam  of  sodium,  introduced  into  the  gas  as  it 
stands  over  mercury.  In  a  few  minutes  the  volume  is  reduced  to 
one  half,  and  pure  hydrogen  is  left. 

The  presence  both  of  hydrogen  and  of  chlorine  in  the  acid 
gas  is  easily  shown  by  the  following  experiment  (Graham) : — A 
quantity  of  hydrochloric  acid  is  liberated  from  faaei  sodic 
chloride  by  oil  of  vitriol,  contained  in  the  retort,  a,  %.  304,  and 
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is  dried  by  being  passed  through  a  tube,  b,  filled  with  calcic 
chloride :  this  tube  is  connected  by  vulcanized  caoutehonc,  e, 
with  a  tube  upon  which  two  bulbs  have  been  blown :  in  the  first 
of  these,  d,  some  pounded  anhydrous  black  oxide  of  manganese  is 
[daced:  a  piece  of  litmus- paper  inserted  in  the  bottle,/,  which 
receives  the  escaping  gas,  is  quickly  reddened.  On  applying  heat 
to  the  bulb,  d,  containing  the  oxide,  manganous  chloride  is  pro- 
dnced,  and  as  it  is  not  volatile,  it  remains  in  the  bulb,  whilst  water 
is  formed  and  becomes  condensed  in  the  second  bulb,  e ;  in  the 


122        PREPARATION   AND  PROPERTIES  OP   HYDROCHLORIC  ACID. 

meantime  free  cMorine  passes  on  into  the  bottlej  fy  showing  itself 
by  its  peculiar  colour  and  its  bleaching  effect  upon  the  litmus- 
paper.  The  reaction  has  already  been  explained^  and  may 
be  represented  by  the  following  symbols:  4HC1+Mn0j= 
aHjO+MnClj+Clj,. 

Preparation, — Hydrochloric  acid  gas  is  easily  procured  by  in- 
troducing fragments  of  common  salt  (which  has  been  fused  in  a 
crucible  at  a  red  heat  and  allowed  to  cool)  into  a  gla^  retort^  and 
pouring  over  it  twice  its  weight  of  oil  of  yitriol.  Abundance  of 
hydrochloric  acid  gas  escapes;  it  must  be  collected  either  oyer 
mercury  or  by  displacement  of  the  air  firom  dry  bottles.  An 
ounce^  or  30  grms.^  of  salt  yields  about  350  cubic  inches  (6  litres) 
of  the  gas.  In  this  case  half  the  hydrogen  of  the  oil  of  vitriol  is 
transferred  to  the  chlorine  of  the  common  salt^  whilst  the  remain- 
ing hydrogen  and  the  sulphion  combine  with  the  sodium  and  form 
hydro-sodic  sulphate,  as  is  shown  in  the  following  equation  : — 

NaQ  +  HjSO^  =  Ha  +  NaHSO^. 

Properties. — Hydrochloric  acid  is  a  colourless  gas,  of  a  pecu- 
liar, pimgent  odour,  and  an  intensely  acid  taste ;  it  irritates  the 
eyes,  and  if  breathed  even  when  laigely  diluted  produces  coughing. 
It  is  also  very  injurious  to  vegetation,  causing  the  leaves  to  shrivel 
and  turn  brown.  It  is  heavier  than  air ;  i  litre  of  the  gas  at  o^ 
C.  and  760""-  weigh  1-6392  grm.,  or  100  cubic  inches  at  6cP  and 
30  inches  Bar.  weigh  39*64  grains.  Under  a  pressure  of  40  at- 
mospheres at  50°  (10°  C.)  it  becomes  condensed  to  a  colourless 
liquid  of  sp.  gr.  1*27,  which  dissolves  bitiunen;  it  has  never  been 
frozen;  the  refracting  power  of  this  liquid  is  less  than  that  of 
water.  Hydrochloric  acid  gas  is  incombustible,  and  it  extin- 
guishes burning  bodies.  It  reddens  dry  litmus-paper;  when 
allowed  to  escape  into  the  air  it  produces  white  fumes  by  con- 
densing the  atmospheric  moisture,  and  forming  with  it  a  body 
less  volatile  than  pure  water.  It  is  instantly  absorbed  by  water :  a 
lump  of  ice  liquefies  in  a  jar  of  the  gas  and  absorbs  it  in  a  moment. 

(375)  Solution  of  Hydrochloric  Add, — ^The  solution  of  hydro- 
chloric acid  in  water  is  an  indispensable  requisite  in  the  laboratory. 
It  is  easily  prepared  for  use  by  placing  in  a  capacious  retort  3 
parts  of  fused  sodic  chloride  in  fragments,  and  introducing  gra- 
dually, through  a  bent  funnel,  5  parts  of  oil  of  vitriol.  If  pounded 
salt  be  used,  the  action  of  the  acid  is  apt  to  be  too  rapid.  The 
retort  is  connected  with  a  couple  of  Woulfe's  bottles ;  in  the  first 
a  small  quantity  of  water  is  placed  to  detain  any  impurities  which 
might  be   carried  over  mechanically  with  the  gas ;    the  second 
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bottle  may  contain  4  parts  of  water^  and  should  be  immersed  in 
a  Teasel  of  cold  water^  as  the  condensation  of  the  gas  is  attended 
with  a  great  disengagement  of  heat.  On  applying  a  gentle  heat 
to  the  retort  the  acid  comes  over  and  is  condensed;  the  easily 
soluble  hydro-sodic  sulphate  remains  in  the  retort^  as  explained 
above.  For  manufacturing  purposes  the  decomposition  is  effected 
in  iron  cylinders^  like  those  employed  in  the  preparation  of  nitric 
acid  (359) ;  only  one-half  the  quantity  of  sulphuric  acid  prescribed 
above  is  used^  and  a  higher  temperature  is  applied  than  when 
glass  yessels  are  employed ;  aNaCl  +  H^SO^  =  aHCl  4-  Na^SO^, 
The  sulphuric  acid  in  this  case  is  in  the  proportion  of  one  equiva- 
lent to  each  equivalent  of  salt^  normal  sodic  sulphate  remaining  in 
the  cylinder^  whilst  the  hydrochloric  acid  is  condensed  in  a  series 
of  salt-glazed  stoneware  jars^  arranged  as  Woulfe's  bottles.  Hy- 
drochloric acid  is  produced  in  enormous  quantities  in  the  manu- 
facture of  salt  cake  (586) :  it  is  extensively  employed  in  the  arts^ 
particularly  in  the  preparation  of  chlorine  as  a  preliminary  to  the 
manufacture  of  chloride  of  lime  and  potassic  chlorate.  It  is  also 
largely  used  as  a  solvent  for  tin  by  the  dyer  and  calico  printer,  as 
well  as  in  the  manufacture  of  sal  ammoniac. 

Water  at  40°  (4-°5  C.)  absorbs  nearly  its  own  weight,  or  about 
480  times  its  bulk  of  hydrochloric  acid  gas,  increasing  in  volume 
about  one-third,  and  acquiring  a  density  of  1*2109.  It  forms  a 
colourless,  fuming  liquid,  which,  by  a  slight  elevation  of  tempera- 
tare,  parts  with  the  gas  abimdantly ;  at  this  strength  it  contains 
nearly  43  per  cent,  of  acid,  which  is  about  the  proportion  indi- 
cated by  the  formula,  HCl,3Hj,0. 

If  the  strong  acid  be  placed  in  a  retort,  and  distilled,  it  loses 
hydrochloric  acid,  until  the  liquid  which  remains  has  a  density  of 
1*100  at  60^;  at  this  point  it  distils  imchanged.  A  weaker  acid 
if  distilled  parts  with  its  water  freely,  imtil  it  acquires  the  density 
of  1*100,  and  then  it  likewise  distils  unchanged,  at  a  temperature 
of  233®  (ii2°C.).  Such  an  acid  contains  about  20  per  cent,  of 
hydrochloric  acid,  and  corresponds  in  composition  with  the  for- 
mula, HC1,8H20.*     Common  hydrochloric  acid  may  therefore 


*  Boiooe  and  Dittmar  {Q,  J,  Chem,  80c,  xiL  128),  bj  yarying  the  pressure 
imder  which  the  distiUation  is  effected,  have,  however,  shown  tiiat  this  apparent 
constancy  of  composition  is  really  an  accidental  circumstance,  and  that  there  is 
no  definite  hydrate  of  this  acid ;  but  that  for  every  pressure  an  aqueous  solution 
exists,  which,  when  distilled  under  that  pressure,  possesses  a  fixed  composition 
and  fixed  boiling-point.  For  example,  when  distilled  under  a  pressure  of  jo°^* 
of  mercury,  the  distillate  contained  23*2  per  cent,  of  hydrochloric  add;  dis- 
tilled onder  380"^*  pressure,  the  per-centajg^  of  acid  was  21*3,  corresponding 
to  the  formula  2HCl,ijH,0;    whilst  under  a  pressure  of  760™*^*  the  per- 
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easily  be  purified  by  dilution  till  it  has  a  sp.  p.  of  i*i^  and  then 
distilling.*  Bineau,  by  concentration  of  the  acid  at  the  ordinary 
temperature  of  the  air  tfi  vacuo  oyer  sulphuric  acid^  obtained  a 
hydrate  {KClfiHfi)  of  sp.  gr.  1*128,  containing  25  per  cent,  of 
the  anhydrous  acid.  According  to  this  observer  {Ann.  de  Chimie, 
III.  vii.  259),  the  vapour  of  the  acid,  sp.  gr.  I'lo,  has  a  density 
of  0*69,  I  Tolume  of  the  acid  and  8  yolumes  of  aqueous  vapour 
being  united  without  condensation ;  probably  they  exist  in  a  state 
of  mere  admixture. 

Commercial  hydrochloric  acid  is  liable  to  be  contaminated 
with  iron,  which  gives  it  a  yellow  colour ;  and  with  the  chlorides 
of  sodium  and  arsenic,  the  latter  derived  from  the  sulphuric  acid 
employed  in  its  preparation.  Sulphuric  and  sulphurous  acids  and 
free  chlorine  are  also  often  present  in  it.  If  pure,  the  acid 
should  leave  no  residue  when  evaporated;  on  saturating  it  with 
ammonia  it  should  give  no  precipitate  of  ferric  oxide ;  sulphuretted 
hydrogen  should  produce  no  turbidity  in  it,  which  would  be  the 
case  if  arsenic,  firee  chlorine,  or  sulphurous  acid  were  present; 
and  after  dilution  with  three  or  four  times  its  bulk  of  water,  no 
white  cloud  of  baric  sulphate  should  be  produced  by  the  addition 

Strength  of  Hydrochloric  Acid,  jf  (25®  C.)      {E.  Davy.) 
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of  baric  chloride.  Traces  of  sulphurous  add  are  also  easily 
detected  by  LowenthaFs  test,  which  consists  in  the  addition  of  a 

eentage  of  acid  was  reduced  to  20*24  (HC1,8H,0)  ;  if  distilled  ander  a  pressure 
of  1520°"^*  or  2  atmospheres,  the  amount  of  acid  fell  to  19*0 ;  and  under 
2280™°^-  or  3  atmospheres,  as  low  as  18*2  of  HCl  per  oent. ;  the  composition  of 
the  liquid  in  the  last  case  corresponding  nearly  to  HC1,9H,0.  Water  at  o**  C, 
according  to  these  observers,  dissolves  0*825  ^^  ^^  weight  of  hydrochloric 
acid  gas,  under  a  pressure  of  760''^^'^  of  mercury ;  and  at  ij^'j  C.  it  dissolves 
0*745  of  its  weight 

*  Chlorine,  however,  as  well  as  arsenious  chloride  and  sulphurous  acid,  passes 
over  with  the  distillate,  if  present. 
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mixture  of  feme  chloride  and  potassic  ferricyanide :  if  sulpliurous 
acid  be  present^  Prussian  blue  is  formed  by  the  reducing  action 
of  the  acid  on  the  mixture. 

The  preceding  table  contains  the  amount  by  weight  of  hydro- 
chloric acid  in  loo  parts  of  solutions  of  the  acid  of  the  various 
densities  therein  enumerated. 

A  solution  of  hydrochloric  acid  is  decomposed  by  all  the 
metals  which  decompose  water  at  a  red  heat :  the  metal  is  dis- 
solved^ and  hydrogen  gas  is  set  free^  just  as  when  iron  or  zinc  is 
acted  upon  by  diluted  sulphuric  acid:  for  example^  sHCl+Zn 
ssZnClj-i-Hj,. 

(376)  Action  of  Hydrochloric  Acid  on  Metallic  Oxides. — The 
action  of  hydrochloric  acid  upon  the  oxides  of  the  metals  is  im- 
portant. Protoxides  are  dissolved  by  the  acid^  and  appear  to  com- 
bine with  it ;  but  on  evaporating  the  liquid,  a  saline  compoimd  is 
obtained  in  which  neither  hydrochloric  acid  nor  the  metallic  oxide 
is  present,  and  which  contains  neither  hydrogen  nor  oxygen; 
double  decomposition  ensues.  When  the  hydrated  oxide  of  a 
monad  metal,  such  as  sodic  hydrate,  combines  with  hydrochloric 
acid,  the  hydrogen  of  the  acid  changes  places  with  the  metal,  and 
IB  exactly  sufficient  with  the  residue,  HO,  of  the  hydrate  to  form 
water,  which  remains  in  the  solution,  or  else  evaporates  on  the 
application  of  heat,  whilst  the  metal  and  the  chlorine  unite  directly 
with  each  other, as  is  shown  by  the  following  symbols;  NaHO  + 
Ha  yield  Naa  +  HjO. 

When  the  anhydrous  oxide  of  either  a  monad  or  a  dyad  is 
employed,  the  reaction  is  similar,  but  two  atoms  of  hydrochloric 
acid  are  concerned,  and  the  metal  exchanges  places  with  two 
atoms  of  hydrogen  : — 

TljO  +  aHa  yield  aTlQ  +Hj,0; 
BaO  +  2HCI  yield  BaCl,+  H^O. 

But  though  the  metal  may  exist  in  solution  in  the  form  of 
chloride,  this  circumstance  does  not  prevent  its  precipitation  as 
oxide,  when  a  strong  base,  such  as  potassic  hydrate,  is  added  to 
a  solution  which  contains  the  chloride  of  the  metal  in  question, 
provided  that  the  metal  be  capable  of  forming  an  oxide  insoluble 
in  water.  For  example,  if  to  a  solution  of  cupric  chloride  a  solu- 
tion of  potassic  hydrate  be  added,  the  potassium  and  copper 
change  places,  potassic  chloride  is  formed  and  dissolved,  whilst 
cujnic  hydrate  is  precipitated.  It  is,  in  fact,  an  ordinary  instance 
of  doable  decomposition  : — 

CuClj-haKHO  give  aKa-hCuHjjOj,. 


126  TESTS   FOR  CHLORIDES — ^NITRO-MURIATIC  ACID. 

A  reaction  not  less  instructive  occurs  when  oxides  containing 
a  larger  proportion  of  oxygen  than  the  protoxides  are  treated  with 
hydrochloric  acid.  When^  for  instance,  i  atom  of  ferric  oxide 
(Fe^Oj)  is  subjected  to  its  influence,  6  atoms  of  hydrochloric  add 
are  decomposed,  3  atoms  of  water  are  formed,  and  an  atom  of 
ferric  chloride  is  obtained  in  solution  : — 

6Ha+FejO,  give  3Hj,0  +  FcjCl^. 

It  sometimes  happens  that  no  chloride  corresponding  to  the 
oxide  exists.  There  is,  for  example,  no  stable  tetrachloride  of  man- 
ganese :  in  this  case  i  atom  of  manganic  dioxide  (MnO^^)  decom- 
poses 4  atoms  of  hydrochloric  acid ;  2  atoms  of  water  and  i  atom  of 
manganous  chloride  are  formed,  whilst  2  atoms  of  chlorine  are  libe- 
rated ;  this  being,  in  fact,  the  usiial  mode  of  obtaining  chlorine  gas  : 

MnOj, + 4Ha  give  MnCl, + aH,0  +<n,. 

The  presence  of  hydrochloric  acid  and  of  the  soluble  chloridcai 
in  solution  is  indicated  by  the  formation  of  a  white,  insoluble, 
curdy  precipitate  of  argentic  chloride,  when  a  solution  of  argentic 
nitrate  is  added  to  the  liquid;  NaCl+AgNOj  becoming  AgCl-f 
NaNOj.  This  precipitate  is  soluble  in  ammonia,  but  insoluble  in 
nitric  acid,  even  when  boiling,  though  soluble  in  solution  of  sodic 
hyposulphite,  and  of  potassic  cyanide.  Mercurous  nitrate  also 
gives  a  white  precipitate  of  mercurous  chloride  (calomel)  in  solu- 
tions of  metallic  chlorides :  HgNOj+NaClrsNaNOj  +  Hga.  The 
precipitate  is  soluble  in  chlorine  water,  insoluble  in  diluted  nitric 
acid,  and  is  immediately  blackened  by  ammonia.  The  dry  chlorides 
when  heated  with  potassic  dichromate  and  sulphuric  acid  yield  a 
red  liquid  (CrO^Clj),  which  forms  a  yellow  solution  with  ammonia : 
this  reaction  distinguishes  the  chlorides  from  the  bromides. 

(377)  Aqua  Beoia  :  Nitro-muriatic  acid, — ^The  name  of  agua 

regia  was  given  by  the  alchemists  to  a  mixture  of  nitric  with 

hydrochloric  acid,  from  the  power  that  it  possesses  of  dissolving 

gold,  the  '  king  of  metals.^     Both  platinum  and  gold  are  insoluble 

in  either  acid  separately ;  but  when  the  two  acids  are  mixed,  they 

decompose  each  other ;  free  chlorine,  and  abundant  ruddy  Aimes, 

long  mistaken  for  peroxide  of  nitrogen,  being  liberated:    the 

chlorine  in  the  moment  of  its  extrication  acts  upon  the  metals  and 

dissolves  them.     (Gray-Lussac ;  Ann,  de  Chimie,  III.  xxiii.  203.) 

Nitric  Oxydichloride,  or  Chlor(hnitric  gas  (NOCl,) ;  Boiling-point,  19° 
(—7°  C). — If  a  mixture  of  i  part  of  oonoentrated  nitric  acid  and  3  parts  of 
hydrochloric  acid  he  placed  in  a  flask  and  suhjected  to  a  gentle  heat  in  the  water 
hath,  red  fumes  pass  off  in  ahundance.  These  vapours,  if  transmitted  through 
a  hottle  cooled  hy  immersion  in  melting  ice,  deposit  a  little  volatilized 
hydrochloric  acid  and  water,  hut  the  red  fumes  pass  on,  and  may  he  condenaed 
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as  a  heavy  red  liquid,  in  a  tube  receiver  which  is  plung^  into  a  mixture  of  ice 
and  salt,  while  free  chlorine  escapes  from  the  open  extremity  of  the  tube.  In 
this  reaction  2  atoms  of  nitric  acid  decompose  6  of  hydrochloric  acid,  producing 
2  of  the  red  compound  (NOCl,),  4  atoms  of  water,  and  2  of  free  chlorine ; 
2HNO,  +  6flCl  yielding  2NOCI,  +  4H,0  +  CI,. 

Nitric  oxydichloride  may  be  regarded  as  peroxide  of  nitrogen,  in  which  2 
atoms  of  chlorine  have  taken  the  place  of  i  atom  of  oxygen.  At  all  tempera- 
tures above  19^  (~  7°  ^O*  it  is  a  gas  of  a  deep  lemon-yellow  colour,  with  the 
suffocating  odour  of  aqua  regia.  It  may  be  condensed  by  transmitting  it  through 
ft  tube  surrounded  by  a  freezing  mixtiire  of  ice  and  salt,  when  it  forms  a  trans- 
parent, red,  fuming  liquid.  Water  decomposes  the  compound  immediately,  ap- 
pearing to  dissolve  it:  but  the  solution  contains  hydrochloric  acid  and  the 
elements  of  peroxide  of  nitrogen ;  NOCl,  -f  H,0  give  NO,  +  2HCI. 

A  similar  decomposition  ensues  when  it  is  mixed  with  an  alkaline  base,  for  it 
does  not  form  salts.  The  gas  cannot  be  confined  over  mercury,  since  it  attacks 
the  metal  instantly,  forming  calomel  and  liberating  nitric  oxide;  N0C1,+ 
2Hg  giving  2Hg01  -f  NO. 

Nitro/ui  Oxyehloride,  or  Chloro-nitrotu  g<u  (NOCl) ;  Theoretic  Sp,  Or, 
2'26^;  Atomic  Vol,  V~V~]\  Bel.  tot,  3275. — When  chlorme  is  mixed  with 
nitric  oxide  in  the  gaseous  state,  they  combine  and  yield  a  dense  orange-coloured 
gas ;  2  volumes  of  nitric  oxide  and  i  of  chlorine  produce  2  volumes  of  the  new 
compound.  It  cannot  be  formed  over  mercury,  as  it  is  immediately  decomposed 
by  this  metal.  At  a  temperature  of  o**  ( —  18^  C.)  it  is  reduced  to  a  red  liquid 
resembling  the  chloro-nitric  compound  in  odour  and  aspect,  and  which  boils  at 
about  32^  (0°  C). 

Aqua  regia,  under  certain  circumstances,  may  produce  both 
chloro-nitric  and  chloro-nitrous  gas,  just  as  the  nitric  oxide  may, 
according  to  the  circumstances  under  which  it  is  mixed  with 
oxygen,  form  either  nitrous  anhydride,  or  peroxide  of  nitrogen.  In 
the  early  stages  of  the  decomposition  of  aqua  regia,  the  product 
is  nearly  pure  nitric  oxydichloride  (NOCl^),  but  as  the  decom- 
position advances,  the  quantity  of  nitrous  oxychloride  (NOCl) 
increases.  Neither  of  these  chlorinated  compounds  exerts  any 
solvent  action  upon  gold  or  platinimi. 

By  the  action  of  dry  hydrochloric  acid  gas  upon  anhydrous 
peroxide  of  nitrogen,  a  third  chlorinated  compound,  NO^Cl,  nitric 
chlorodiaxide  (sp.  gr.  of  liquid  1*32;  of  vapour  2*63;  rel.  wt. 
4075),  appears  to  be  formed,  mixed  with  other  bodies. 

Aqua  regia  is  largely  employed  as  an  oxidizing  agent ;  by  its 
action  perchlorides  of  the  metals  are  formed  in  solution,  and  when 
the  liquid  is  decomposed  by  an  alkali,  the  oxide  of  the  metal  cor- 
responding in  composition  to  its  perchloride  is  precipitated.  By 
boiling  the  solutions  of  the  metals  in  aqua  regia  with  an  excess  of 
hydrochloric  acid,  the  whole  of  the  nitric  acid  may  be  decomposed 
and  expelled,  and  a  pure  solution  of  the  metallic  chlorides  with 
excess  of  hydrochloric  acid  will  be  formed. 

(378)  Oxides  or  Chlorine. — ^The  attraction  of  chlorine  for 
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oxygen  is  so  feeble  that  the  two  elements  do  not  enter  directly 
into  combination  -with  each  other.  Several  compounds  of  oxygen 
and  chlorine  may,  however,  be  obtained  by  indirect  methoda. 
Three  of  these  osides  may  be  obtained  in  the  isolated  form ;  they 
are  the  following ; —  i,  ,00,,^^ 

MoLivL     ,_ j-~. 

OL  o, 

HjpochloroQt  snbjdride    ...        C1,0   =      87     [^^      i8-6o  +  1840 
CbloroQa  Mihydride  ...        C1,0,  =     119     |_  ]    ^  |  59'66  +  40*34 

Chloric  peroxide,  or  dioxide  CIO,   =      67-5  [^UJ      5''59  +  47'4i 

Four  monobasic  oxidized  acids  of  chlorine  may  also  be  ob- 
tainedj  viz. : — 

RypoabloroiiB  4eid        HCIO    =    53-5 

ChloioQiuid     HClOt  =    685 

Chloric  acid        HCIO,  =    84-5 

Perchloric  Mid HCIO^  =  100-5 

Millon'a  experiments  have  rendered  it  probable  that  other 
oxidized  compounds  also  exist,  the  result  of  the  combination  of 
some  of  those  already  mentioned  with  chloric  and  perchloric 
anhydrides.  

(379)  HvpocHLOBOEB  Anhydride  (CL,0=87);  Mol.  Vol.\  \  ] ; 
Bel.  wt.  43'5 ;  Theoretic  Sp.  Gr.  3'005 ;  Boilmg-pt.  about  68° 
(30"  C). — If  chlorine  in  a  perfectly  dry  state  be  passed  slowly 
through  a  tube,  d,  fig.  30^,  filled  with  well-dried  mercuric  oxide, 


Fio.  305. 


obtained  by  precipitation  &om  a  solution  of  corrosive  sublimate 
by  means  of  caustic  potash,  immediate  action  commences,  and  a 
gas  is  produced  which  may  be  condensed  into  a  liquid  by  sur- 
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ronndmg  the  tube  receiver,  e,  with  a  mixture  of  ice  and  salt.  The 
chlorine  is  prepared  in  the  flask,  a,  washed  with  water  in  the 
bottle,  B,  and  dried  by  allowing  it  to  traverse  the  bent  tube,  c, 
which  is  filled  with  pumice-stone  moistened  with  oil  of  vitriol. 

The  reaction  between  the  chlorine  and  mercuric  oxide  appears 
to  be  of  a  simple  nature :  2  atoms  of  chlorine  displace  i  atom 
of  oxygen  firom  the  mercury,  and  this  oxygen  at  the  moment 
of  its  liberation  imites  with  two  other  atoms  of  chlorine  to  form 
hypochlorous  anhydride;  HgOH-2Clj=HgClj  +  Cl30.  Hypo- 
chlorous  anhydride  is  thus  procured  as  a  deep  red  liquid,  which 
emits  a  vapour  of  a  deeper  colour  than  that  of  chlorine,  with 
a  peculiar  suffocating  chlorous  smell.  This  vapour  is  remark- 
able for  the  ease  with  which  it  is  decomposed,  the  warmth  of 
the  hand  causing  its  separation  into  chlorine  and  oxygen  with 
explosion;  2  volumes  of  the  anhydride  in  this  way  produce  a 
mixture  composed  of  2  volumes  of  chlorine  and  i  volume  of  oxygen. 
The  composition  of  the  gas  is  therefore  as  follows  :*— 

"By  weight.  By  Tolnme.  8p.  gr. 

Chlorine     ...        CI,    =     71  or  8i*6        2  or  I'o    =     2*453 
Oxygen      .,.0     =     16       18*4        i      05    =    0-552 

Hypochlorous  acid;  Hydric  hypochlorite;  HC10=52*5. — 
Water  dissolves  about  200  times  its  bulk  of  gaseous  hypochlorous 
anhydride,  and  forms  with  it  a  pale  yellow  solution,  which  has  an 
acrid,  but  not  sour  taste;  ClgO-f  H20  =  2HC10.  In  a  concen- 
trated form  this  solution  is  very  unstable  ;  it  acts  as  a  powerful 
oxidizing  agent ;  but  is  rapidly  decomposed  when  exposed  to  the 
light,  bubbles  of  chlorine  escaping  from  it,  whilst  chloric  acid  is 
formed.  Charcoal,  iodine,  sulphur,  selenium,  phosphorus,  arseni- 
cum,  and  finely  powdered  antimony,  decompose  a  solution  of 
hypochlorous  acid  rapidly,  and  are  converted  by  it  respectively 
into  carbonic,  iodic,  sulphuric,  selenic,  phosphoric,  arsenic,  and 
antimonic  acids :  if  the  solution  be  concentrated  the  action  is 
sometimes  attended  with  explosion.  Iron  filings  are  also  imme- 
diately oxidized  with  evolution  of  chlorine.  Silver  is  converted 
into  chloride  whilst  oxygen  is  liberated,  and  copper  and  mercury 
combine  with  both  the  oxygen  and  the  chlorine,  famishing  oxy- 
chlorides.  The  contact  of  argentic  chloride  with  the  solution  of 
the  acid  also  decomposes  the  latter,  causing  the  separation  of  both 
oxygen  and  chlorine  in  the  gaseous  form,  whilst  the  metallic 
chloride  appears  to  have  undergone  no  alteration.  Hypochlorous 
acid  attacks  the  skin  and  turns  it  brown ;  but  its  most  important 

II.  K 
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property  is  its  bleacliiiig  power,  which,  according  to  the  expOT- 
ments  of  Gay-Lussac,  is  twice  as  great  as  that  of  the  chlorine 
which  it  contains.  When  hypochlorous  acid  or  any  of  its  salts  is 
heated  with  hydrochloric  acid  in  excess,,  an  atom  of  each  acid  is 
decomposed,  water  is  formed,  and  2  atoms  of  chlorine  are  libe- 
rated ;  HCl  +  HCIO = HgO  -f  Clg.  If  a  fragment  of  sal  ammoniac 
be  suspended  in  a  solution  of  hypochlorous  acid,  oily-looking 
drops  of  the  explosive  compoimd  known  as  chloride  of  nitrogen 
(386)  are  formed. 

Hypochlorous  acid  by  its  action  upon  the  alkalies  and  earths, 
furnishes  salts  termed  hypochlorites.  These  compoimds  are  de- 
composed even  by  feeble  acids,  such  as  the  carbonic;  and  the 
hypochlorous  acid  thus  liberated,  shows  its  usual  bleaching  action 
on  vegetable  colours.  The  solutions  of  these  salts  are  decomposed 
by  gently  heating  them,  and  they  become  converted  into  a  mix- 
ture of  chloride  and  chlorate;  3KCIO  becoming  aKCl  +  KClOj. 
This  change  is  retarded  by  the  addition  of  an  excess  of  caujstic 
alkali. 

When  chlorine  acts  upon  the  oxides  of  metals  which  have  but 
a  feeble  attraction  for  oxygen,  these  bases  are  often  completely 
decomposed.  In  consequence  of  this  reaction,  a  weak  solution  of 
hypochlorous  acid  is  easily  prepared  by  agitating  i  part  of  the 
red  oxide  of  mercury  with  13  parts  of  water  in  a  large  bottle  of 
chlorine  gas,  care  being  taken  that  the  mercuric  oxide  is  in  slight 
excess.  The  chlorine  is  rapidly  absorbed ;  part  of  the  oxide  of 
mercury  is  decomposed  by  the  chlorine,  and  the  mercuric  chloride 
thus  produced  unites  with  a  portion  of  unchanged  mercuric  oxide, 
forming  a  brown  insoluble  oxychloride  of  that  metal ;  the  solution 
on  being  decanted  is  found  to  contain  hypochlorous  acid.  The 
^reaction  may  be  represented  as  follows : — 

Water.  Meroario  oxide.  Chlorine.  Ozjchlorideof  merooiy.  Hypochlor.  ttoid. 

H^     +     ^l5b     +     oCi^    =     aHgO,HgCl^  +  'aHClO.^ 

(380)  Bleaching  Compounds, — If  the  base  upon  which  chlorine 
is  made  to  act,  be  a  powerful  one,  such  as  an  alkali  or  alkaline 
earth,  the  gas  is  absorbed,  and  a  peculiar  compoimd  possessed  of 
bleaching  properties  is  produced.  It  is  in  this  way  that  the 
bleaching  compoimds  so  extensively  used  in  the  arts  under  the 
names  of  chloride  of  lime,  chloride  of  potash,  and  chloride  of 
soda,  are  prepared. 

Of  these  bleaching  compoimds  the  chloride  of  lime  is  the  most 
important.  It  is  prepared  by  slaking  weU-bnmt  lime,  and  ex- 
posing  it  to  the  action  of  chlorine  gas  in  layers  of  5  or  8  centim. 


BLEACHINO   COMPOUNDS — CHLORIDE   OF  LIMB.  131 

(2  or  3  inches)  in  thickness^  upon  perforated  shelves  in  chambers 
made  of  lead,  or  of  Yorkshire  flagstones.  The  chlorine  must  be 
admitted  gradually,  in  order  to  prevent  too  rapid  a  rise  of  tem- 
perature consequent  upon  a  quick  absorption  of  the  gas.  If  the 
heat  be  allowed  to  rise  much  beyond  ioo°  (38°  C),  a  quantity  of 
calcic  chloride  and  chlorate  is  formed,  the  reaction  being  similar  to 
that  which  occurs  during  the  preparation  of  potassic  chlorate  (382). 
Slaked  lime  (CaH^O^)  may  in  this  operation  be  made  to  take  up 
about  half  its  weight  of  chlorine ;  but  it  is  not  possible  to  com- 
bine calcic  hydrate  in  the  form  of  powder  with  an  entire  equiva- 
lent of  chlorine  so  as  to  form  the  compound  CaOCl^ :  the  product 
always  contains  a  considerable  excess  of  uncombined  lime. 

A  few  years  ago,  Mr.  Dunlop,  of  the  St.  RoUox  Works,  Glasgow,  introduced 
a  method  of  preparing  chlorine  for  the  manufacture  of  bleaching  powder,  by  de- 
oompoiting  a  mixture  of  common  tsalt  and  sodio  nitrate  with  sulphuric  acid.  In 
this  operation  chlorine  and  nitrous  anhydride  are  evolved,  whilst  sodic  sulphate 
is  produced ;  the  reaction  may  be  traced  by  the  equations  following  : — 

Sodio  diloridA.    Sodio  nitrato.      Snlph.  Mid.       Sodio  solph.    CUorine.    |^y^^|«.        Water. 

4NaCr  -h    2NaN03-|-  ^5^807=  3Na,S0/  +  ^^  +  N^  +    3H,0.^ 

The  mixed  gases  are  made  to  pass  through  a  vessel  containing  oil  of  vitriol,  by 
which  the  nitrous  anhydride  is  rapidly  absorbed,  whilst  the  chlorine  passes  on  to 
the  lime.  A  current  of  air  is  made  to  act  on  the  nitrous  sulphuric  acid,  by  which 
the  nitrous  acid  becomes  converted  into  nitric  acid,  owing  to  the  absorption  of 
oxygen ;  and  the  mixed  acids  being  made  to  act  upon  fresh  sodic  chloride,  without 
the  addition  of  nitre,  give  rise  to  a  similar  succession  of  decompositions :— 

BolplLScid.     Hitrioacid.    Sodio  chloride.    Sodio  solph.     Chlorine.    ^^!^fde.       ^*^«r* 

iHfid^  -h  '2HN0a  +  4NaCi  =  aNajSO^  -f^ci^  +  N^,  +  3H^. 
The  nitrous  sulphuric  acid  may  also  be  at  once  made  use  of  in  the  leaden  cham- 
bers in  the  manufacture  of  oil  of  vitriol  (413)* 

Many  chemists  consider  both  chloride  of  lime  and  the  cor- 
responding compounds  with  potash  and  soda  to  be  hypochlorites 
of  the  metals  which  enter  into  their  formation :  in  this  case  they 
must  be  double  salts  of  the  hypochlorite  and  chloride  of  the 
metal.  This,  however,  is  more  than  questionable;  they  are  pro- 
bably direct  combinations  of  chlorine  with  the  oxides.  If  the 
compound  be  supposed  to  be  a  pure  chloride  of  lime  or  calcic 
oxydichloride,  the  reaction  is  simply  an  absorption  of  chlorine,  by 
which  the  compound  CaOClj,  is  formed ;  but  if  it  be  supposed 
that  a  hypochlorite  is  produced,  the  following  decomposition  must 
occur: — 

Criek  hydrate.  Chlorine.  Caleio  chloride.        Calcic  hypochlorite.  Water. 


— N  »^'      '  ■   "^  ^* 


2CaH,0,     +     aClj     =     CaClj     +     CaaClO     +     aH,0. 

Calcic  chloride  is  deliquescent^  and  is  soluble  in  alcohol;    but 
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bleaching  powder,  when  properly  made,  is  not  deliquescent,  and 
yields  scarcely  any  calcic  chloride  to  alcohol. 

Chloride  of  lime  emits  the  peculiar  odour  of  hypochlorous  acid 
when  exposed  to  the  air ;  imder  these  circumstances,  howeyer,  it 
gradually  absorbs  carbonic  anhydride,  and  exhales,  not  hypo- 
chlorous  acid,  but  chlorine, — a  circumstance  which  causes  it  to 
be  extensively  used  as  a  disinfecting  agent.  Cloths  dipped  in  aii 
aqueous  solution  of  the  chloride,  when  hung  up  in  the  room  to  be 
fumigated,  continue  for  many  hours  to  emit  chlorine  gradually, 
but  in  quantities  too  small  to  be  injurious  to  the  inmates.  Com- 
mercial chloride  of  lime  is  only  partially  soluble  in  water,  and 
leaves  a  large  residue  of  calcic  hydrate.  An  excess  of  any  acid 
when  poured  upon  the  powder  causes  a  free  evolution  of  chlorine ; 
but  if  the  aqueous  solution  be  mixed  with  half  the  quantity,  of 
sulphuric  acid  required  to  neutralize  the  lime,  hypochlorous  acid 
may  be  distilled  off  and  condensed  in  a  diluted  form  in  a  suitable 
receiver.     The  reaction  which  occurs  may  be  thus  represented : — 

aCaOCl,    +  hJo^  yield  CaSO^    +   CaCl,    +    aHClO. 

Chloride  of  lime«  is  consumed  in  .vast  quantities  in  the  bleach- 
ing of  calicoes  and  other  woven  goods.  The  calico  is  well  washed, 
and  boiled  successively  with  lime-water,  with  much  diluted  sul- 
phuric acid,  and  with  a  weak  solution  of  caustic  soda,  in  order  to 
remove  the  weaver's  dressing,  and  greasy  and  resinous  matters : 
it  is  then  well  washed,  and  digested  in  a  solution  of  chloride  of 
lime,  containing  a  or  aj  per  cent,  of  bleaching  powder.  The 
bleaching  effect  of  this  solution  is  not,  however,  rendered  appa- 
rent till  the  goods  are  immersed  in  very  dilute  sulphuric  acid, 
which  decomposes  the  chloride  of  lime  immediately,  and  by  libe- 
rating chlorine  within  the  fibres  of  the  cloth  itself,  rapidly  re- 
moves the  colour.  Still,  however,  it  is  not  perfectly  white.  The 
calico  is  therefore  washed,  and  a  second  time  subjected  to  the 
action  of  caustic  alkali,  to  remove  the  colouring  matter  now  ren- 
dered soluble  in  it  by  the  action  of  tlie  chlorine :  again  it  is 
passed  through  a  weaker  solution  of  chloride  of  lime,  and  then 
through  dilute  acid ;  finally  it  is  thoroughly  wkshed  in  a  copious 
stream  of  water,  in  order  to  remove  the  last  traces  of  sulphuric 
acid,  which  would  otherwise  destroy  the  fibre. 

(381)  Estimation  of  the  Bleaching  Power  of  Chloride  of  Lime. — 

The  commercial  value  of  bleaching  powder  depends  npon  the  quantity  of  chlorine 
which  can  be  liberated  from  it  by  the  addition  of  an  acid ;  for  it  is  this  portion 
of  its  chlorine  only  which  is  available  for  bleaching  purposes.  Gay-Lussac  pro- 
posed to  estimate  the  bleaching  power  by  measurement  of  the  bulk  of  a  solution 


ESTIMATION  OF  THE  BLEACHING  POWER  OF  CHLORIDE  OF  LIME.   133 


Pig.  306. 


of  indigo  of  known  strengtih  which  a  given  weight  of  the  chloride  is  able  to  de- 
prive of  its  blue  colour ;  and  subsequently  he  determined  the  amount  of  available 
chlorine  by  the  quantity  of  a  standard  solution  of  arsenious  acid  which  could  be 
converted  by  a  known  weight  of  the  bleaching  powder  into  arsenic  acid. 

A  still  more  convenient  plan  has  been  described  by  Graham.  It  depends 
upon  the  determination  of  the  quantity  of  a  ferrous  salt  which  a  given  weight  of 
bleaching  powder  in  the  presence  of  an  excess  of  acid  can  convert  into  a  ferric 
salt :  if  ferrous  sulphate  be  used,  2  atoms  of  chlorine  are  required  for  the  con- 
▼ersbn  of  2  atoms  of  that  salt  into  i  atom  of  ferric  sulphate ;  the  chlorine  de- 
composing water  and  becoming  hydrochloric  add,  as  is  shown  in  the  following 
equation: — 

2FeS0,  +  2H,S0,  +  CaOCl,  =  Fe,3S0,  +  2HCI  +  CaSO,  +  H,0. 

7*8  grammes  of  crystallized  ferrous  sulphate  require  i  gramme  of  chlorine  for  its 
conversion  into  the  ferric  sulphate.  In  making  an  experiment  upon  the  value 
of  a  bleaching  powder,  7*8  gprms.  of  dean  dry  crystals  of  the  green  sulphate  are 
dissolved  in  about  60  cub.  centim.  of  water,  and  acidulated  with  sulphuric  or 
hydrochloric  add ;  5  grms.  of  the  bleaching  powder  are  rubbed  up  in  a  mortar 
with  60  cub.  centim.  of  warm  water,  and  transferred  to  a  burette  or  tall  narrow 
tube  (fig.  306),  capable  of  holding  100  cub.  centim.  of 
water,  and  graduated  into  100  equal  parts  from  above  down- 
wards. The  mortar  is  washed  with  a  little  more  water, 
and  the  washings  added  to  the  liquid  in  the  burette,  which 
is  filled  up  exactly  to  0°.  The  openings  at  top  are  closed 
with  the  finger  and  thumb,  aud  the  contents  of  the  vessel 
«e  mixed  thoroughly  by  agitation.  The  solution  of  chlo- 
ride of  lime  is  then  added  gradually  to  the  ferrous  sulphate 
(constantly  stirring  the  mixture),  until  the  whole  of  the 
ferrous  salt  is  converted  into  ferric  salt.  The  progress  of  the 
Oxidation  is  ascertained  by  means  of  a  solution  of  the  red 
pmsaiaie  of  potash,  or  potassic  ferricyanide  (E^FeCy^), 
which  strikes  a  deep  blue  with  the  liquid  if  it  contain  any 
unchanged  £»tous  sulphate.  Several  drops  of  the  ferricyanide 
are  spotted  over  a  white  plate,  and,  after  each  addition  of  the  chloride  of  lime  to 
the  solution  of  sulphate,  a  drop  of  the  iron  solution  is  mixed  with  one  of  these, 
and  the  addition  of  the  chloride  is  continued  so  long  as  the  blue  colour  appears. 
The  stronger  the  bleaching  powder,  the  fewer  will  be  the  number  of  divisions  re- 
quired to  be  poured  from  the  burette.  This  number  of  divisions  divided  by  2 
will  indicate  the  number  of  grms.  of  bleaching  powder  which  contain  i  gramme 
of  available  chlorine.  The  strength  of  the  powder  is  therefore  obtuned  by  the 
following  proportion,  in  which  m  represents  the  number  of  measures  poured  from 
the  burette  :^ 

*  :  1 ::  loix  (the  number  of  grms.  of  chlorine  in  10  grms.  of  the  powder) ; 

The  process  of  converting  a  lower  oxide  of  a  metal  into  one 
of  its  higher  oxides^  by  means  of  chloride  of  lime,  admits  of  being 
fireqnentlj  employed ;  indeed,  a  solution  of  chloride  of  lime,  when 
mixed  with  hydrochloric  acid,  famishes  a  powerful  oxidizing 
agent.  Peroxide  of  bismuth,  of  cobalt,  of  nickel,  and  of  lead, 
may  be  obtained  readily  by  adding  a  neutral  solution  of  chloride 
of  lime  to  neutral  solutions  of  the  salts  of  these  metals  and 
heatiiig  the  liquid. 
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(382)  Chloric  Acid;  Hydric  chlorate  (HC103=84-5). — 
Chloric  anhydride  has  not  been  isolated,  but  the  corresponding 
acid  is  known.  If  a  current  of  chlorine  gas  be  caused  to  pass 
through  a  solution  of  caustic  potash  (i  part  of  caustic  potash  and 
3  parts  of  water),  it  is  rapidly  absorbed,  even  when  transmitted 
in  a  continuous  stream,  and  a  bleaching  Uquid  is  formed,  which, 
on  the  application  of  heat,  loses  its  bleaching  properties,  and  is 
gradually  converted  into  a  mixture  of  potassic  chloride  and 
chlorate ;  6  atoms  of  chlorine  and  6  of  potassic  hydrate  furnishing 
5  of  potassic  chloride  and  i  atom  of  the  chlorate,  whilst  water  is 
liberated — 

3Cl3+6KHO=5KCl  +  Ka03+3H80. 

The  potassic  chlorate  being  sparingly  soluble  is  freed  from  the 
chloride  by  two  or  three  crystallizations.  In  order  to  obtain 
chloric  acid,  the  chlorate  is  decomposed  by  the  addition  of  hydro* 
fluosilicic  acid,  which  forms  an  insoluble  compound  with  the 
potassium,  and  chloric  acid  is  liberated— 

aKClOj + HgSiFg = aHaOj + KjSiFj. 

The  acid  solution  may  be  poured  off  from  the  precipitate,  and 
concentrated  by  evaporation  over  the  water-bath  at  a  heat  not 
exceeding  100°  (38°  C),  till  it  forms  a  syrupy  Uquid  of  a  faint 
chlorous  smell,  and  a  powerfully  acid  taste.  It  is  instantly  de- 
composed by  contact  with  organic  matter,  and  in  its  concentrated 
form  it  chars  and  even  sets  fire  to  paper.  By  a  temperature  a  little 
above  100°  (38°  C.)  the  add  is  decomposed  into  oxygen  gas,  chlo- 
rine, perchloric  acid,  and  water ;  8HCIO3  yielding  4HC10^-f  ^H^O 
H-30gH-2CLj.  In  diffiised  daylight,  it  gradually  undergoes  spon- 
taneous decomposition.  On  one  occasion  a  small  specimen  which 
I  had  sealed  up  in  a  glass  tube  was  placed  aside  upon  a  shelf;  but 
in  a  few  weeks,  although  left  untouched,  the  tube  exploded  in  con- 
sequence of  the  expansive  force  of  the  liberated  gases. 

The  metallic  salts  of  chloric  acid  require  a  higher  temperature 
for  their  decomposition  than  the  acid  itself.  The  action  of  heat 
upon  potassic  chlorate  has  already  been  mentioned  as  afford- 
ing a  very  convenient  source  of  pure  oxygen  (335).  This  salt, 
when  heated  to  a  point  a  little  short  of  redness,  fuses,  and  is  con- 
verted ultimately  into  potassic  chloride  and  oxygen  gas ;  2KCIO3 
becoming  aKCl-f  30g. 

This  decomposition  also  furnishes  data  for  ascertaining  the 
composition  of  chloric  acid ;  for  if  a  given  weight  of  the  chlorate 
be  calcined  with  suitable  precaution,  the  loss  indicates  the  entire 
quantity  of  oxygen  which  it  contained.     The  proportions  of  chlo- 
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rine  and  of  potassium  in  potassic  chloride  being  known^  the  com- 
position of  chloric  acid  is  readily  calculated. 

Chlorates, — ^The  salts  of  chloric  acid,  or  the  chlorates,  are 
monobasic,  with  the  general  formula  M'ClOg.  All  of  them  are 
decomposed  by  heat ;  oxygen  is  expelled,  and  generally  a  chloride 
of  the  metal  is  left  behind :  the  chloride  can  be  detected  in  the 
residue  by  argentic  nitrate.  The  chlorates  produce  scintillation 
when  thrown  upon  ignited  charcoal ;  and  when  heated  with  com- 
bustible substances,  such  as  phosphorus  or  sulphur,  they  explode 
violently.  It  generally  happens  that  mere  friction  with  these 
bodies  is  sufficient  to  cause  a  powerful  detonation :  for  example, 
if  half  a  grain  (30  or  40  mgrms.)  of  sulphur  be  triturated  in  a 
mortar  with  3  grains  (2  decigrammes)  of  potassic  chlorate,  the 
friction  is  attended  with  a  series  of  small  explosions.  A  mixture 
which  detonates  powerfully  when  struck  or  rubbed  may  be  ob- 
tained by  powdering  separately  equal  parts  of  antimonious  sul- 
phide (SbgSj)  and  potassic  chlorate,  then  mixing  them  cautiously  on 
a  card  with  a  feather.  When  a  fragment  of  a  chlorate  is  placed  in 
a  drop  of  oil  of  vitriol,  a  yellow  colour  is  produced,  and  the 
peculiar  odour  of  chloric  peroxide  (ClOg)  is  evolved.  Nitric  acid 
decomposes  the  chlorates  with  formation  of  a  nitrate  and  per- 
chlorate  of  the  metal,  while  free  chlorine  and  oxygen  escape ; 
8Ka03H-4HN03=4KC10^  +  2CLjH-302  +  aH20  +  4KN03.  Hy- 
drochloric  acid  liberates  euchlorine  (p.  140).  Many  of  the 
chlorates  are  deliquescent ;  they  are  all  soluble  in  water ;  but 
mercurous  chlorate  is  least  so :  their  solutions  are  not  precipitated 
by  argentic  nitrate;  many  of  them  also  are  soluble  in  alcohol. 
Paper  soaked  in  a  solution  of  a  chlorate,  and  allowed  to  dry,  ac- 
quires the  property  of  smouldering  when  kindled,  and  bums  in 
the  same  maimer  as  touch-paper.  The  chlorates  when  in  solution, 
even  in  small  quantity,  may  readily  be  distinguished  from  the 
nitrates,  by  adding  first  a  few  drops  of  a  solution  of  indigo,  and 
then  a  solution  of  sulphurous  acid :  the  blue  colour  immediately 
disappears  even  without  the  application  of  heat,  but  it  remains 
unaltered  when  nitrates  only  are  present.  The  chlorates  of 
potassium,  sodium,  and  silver  are  anhydrous;  that  of  barium 
contains  i  atom  of  water,  and  that  of  strontium  6  atoms  of  water. 

Potassic  chlorate,  when  in  solution,  often  afibrds  a  convenient 
method  of  converting  the  metallic  protoxides  into  peroxides ;  since 
by  the  addition  of  hydrochloric  acid  to  the  solution,  chloric  acid 
is  set  at  liberty,  and  exerts  its  oxidizing  power.  Iron,  for 
example,  when  it  exists  in  a  solution  as  a  ferrous  salt,  is  thus 
readily  converted  into  a  ferric  salt  when  the  liquid  is  boiled. 
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(383)  Pbrchlobic  Acid  ;  Hydric  percMarate ;  HC10^=:  100*5; 
8p.  ffr.  of  liquid,  178a. — ^Perchloric  anhydride  is  unknown.  If  in- 
stead of  heating  potassic  chlorate  to  complete  decomposition,  the 
temperature  be  moderated  and  the  process  stopped  when  one- 
third  of  the  total  quantity  of  oxygen  has  been  expelled,  the  mass 
wiU  have  assumed  a  pasty  condition,  and  mU  be  fonnd  to  contain 
a  compound  of  chlorine  with  a  still  higher  proportion  of  oxygen, 
to  which  the  name  of  perchloric  acid  has  been  given ;  this  com- 
pound remains  in  combination  with  a  portion  of  the  potassium. 
The  reaction  appears  to  consist  in  the  resolution  of  2  atoms  of  the 
chlorate  into  i  atom  of  perchlorate  (KCIOJ  and  i  of  chlorite  of 
potassium  (KClOg) ;  the  latter  salt  being  unable  to  exist  at  so  high 
a  temperature,  is  immediately  converted  into  oxygen  gas  and 
potassic  chloride,  as  follows  :* — 

PotMdo  Potaaaie  Potawio  Potusio  Poteario         Oxtbmi^ 

chlorate.  chlorite.  perchlorate.  chlorite.  chloride.         y*^Jw^u 


■> 


2KCIO3  =  K:C108  +  KCIO^;  and  KaO,  =  KCl    +    O,. 

By  crystallization  potassic  perchlorate  is  readily  separated  from  the 
more  soluble  chloride.  The  perchlorate  is  freely  dissolved  by  boil- 
ing water,  but  as  the  salt  is  much  less  soluble  at  ordinary  tempera- 
tures, it  crystallizes  from  the  solution  as  it  cools,  and  is  deposited 
in  octohedra.  At  a  red  heat  the  perchlorate  is  itself  resolved  into 
oxygen  and  potassic  chloride. 

One  method  of  obtaining  perchloric  acid  in  the  form  of  hydrate  consists  in 
distilling  potassic  perchlorate  with  fonr  times  its  weight  of  oil  of  vitriol :  if  the 
receiver  be  kept  cool,  the  first  portions  that  distil  over  crystallize  in  long  silky 
deliquescent  needles  consisting  of  (HC10^,H,0) :  a  large  proportion  of  the  acid, 
however,  is  decomposed  into  chlorine  and  oxygen  gases.  According  to  Boscoe» 
the  best  method  of  preparing  perchloric  acid  consists  in  boiling  down  a  solution 
of  chloric  acid  obtained  by  the  action  of  hydroflnosilicic  acid  upon  potassic  chlo- 
rate. Lower  oxides  of  chlorine  escape,  and  an  impure  solution  of  perchloric  add 
is  lefl,  which  is  purified  by  distillation,  when  a  heavy,  colourless,  thick  oily  liquid 
passes  over.  If  this  be  heated  it  gives  off  dense  white  fumes.  By  distilling  this 
liquid  with  four  times  its  volume  of  oil  of  vitriol,  a  yellow  mobile  fluid  consist- 
ing of  pure  perchloric  acid  (HCIOJ  first  comes  over.  This  is  followed  by  a  thick 
oily  liquid,  which  is  a  hydrate  (containing  6,^*8  per  cent  of  the  anhydride),  of 
the  form  (HC10^,2H,0).  If  this  be  mixed  with  the  pure  acid  HCIO^  in  equivalent 
proportions,  it  forms  the  white  fusible  crystalline  substance  (HC10^,H,0)  already 


*  During  the  decomposition  of  the  chlorate  a  considerable  evolution  of  heat 
occurs ;  this  may  be  rendered  manifest  by  projecting  into  the  melted  salt  which 
is  evolving  oxygen,  a  little  oxide  of  copper  or  ferric  oxide.  Although  neither  of 
these  compounds  is  oxidized  in  the  process,  they  increase  the  rapidity  of  extrica- 
tion of  oxygen ;  and  the  temperature  of  the  mass  rises  to  redness  (1008),  i  part 
of  the  salt  during  its  decomposition  evolving  39  units  of  heat  (i  29,  20,3),  the 
combination  of  chlorine  with  potassium  evolving  more  heat  than  is  required  for 
the  liberation  of  the  oxygen  in  the  gaseous  form. 
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deieribed.  This  ayitaDizable hydrate  when  heated  to  230^  (iio° C.)  is  decom- 
poaed  ioto  the  pare  add  (HCIOJ  which  distils  over,  whilst  the  oilj  hydrate 
lemaina  in  the  retort,  and  does  not  come  over  till  the  temperature  is  raised  to 

397' (^03**  C). 

Perchloric  acid  is  a  colourless  volatile  liquid^  which  soon  be- 
comes yellow  owing  to  liberation  of  one  of  the  oxides  of  chlorine. 
It  remains  liquid  at  a  temperature  of  —31°  (—35°  C).  It  is  one 
of  the  most  powerful  oxidizing  agents  known ;  a  drop  of  it  brought 
into  contact  with  charcoal^  with  paper^  or  almost  any  organic  sub- 
stance^  immediately  produces  combustion  with  an  explosive  violence 
Ming  but  little  short  of  that  of  the  so-called  chloride  of  nitrogen. 
It  produces  firightfdl  bums  if  allowed  to  fall  upon  the  skin.  It 
cannot  be  redistilled  without  experiencing  decomposition^  generally 
attended  with  explosion.  If  sealed  up  in  tubes  it  gradually  imder- 
goes  spontaneous  decomposition^  and  the  tubes  burst  with  explo- 
sion. With  water  it  combines  with  evolution  of  great  heat,  and 
if  the  proportion  of  water  be  not  too  large  it  reproduces  the  white 
crystals  of  Serullas  (HClO^HjO).  Diluted  perchloric  acid  is 
of  a  purely  sour  taste,  and  does  not  destroy  vegetable  colours ; 
in  this  form,  indeed,  it  is  the  most  stable  of  all  the  oxides  of 
chlorine.  It  will  even  dissolve  iron  and  zinc  with  evolution  of 
hydrc^en  gas. 

Perchloric  acid  forms  the  salts  known  as  percMorates,  with  the 

general  formula  M'CIO^ :  they  in  general  are  deliquescent.  None 

of  them  are  insoluble,  though  potassic  perchlorate  requires  upwards 

of  150  times  its  weight  of  cold  water  for  solution ;  the  salts  of 

this  acid  with  sodium,  barium,  and  silver,  are  soluble  in  alcohol. 

All  the  perchlorates  are  decomposed  by  heat,  with  evolution  of 

oxygen  and  formation  of  a  chloride,  but  they  may  be  distinguished 

firom  the  chlorates  by  not  yielding  a  yellow  gas  when  moistened 

with  oil  of  vitriol. 

(384)  Chlorous  Anhtdbidb  (C1,0,  =  119);  1^,  Or,  2*6^6 ;  MoL  Vol. 
!'»!!;  Rel,  wi.  39*7. — ^This  substance  may  be  obtained  in  the  form  of  a  gas 
of  a  deep  yellowish-green  coloor ;  it  is  not  liquefied  by  exposure  to  a  temperature 
of  —  4®  ( —  20°  C.)  Chlorous  anhydride  is  a  dangerous  compound  to  prepare,  as 
ezposore  to  a  temperature  not  much  exceeding  131**  (55  "  C.)  is  sufficient  to  decom- 
poae  it  with  a  powerful  explosion.  Contact  with  most  combustible  non-metallio 
elements,  such  as  sulphur,  selenium,  tellurium,  and  phosphorus,  decomposes  the 
gas  with  explosion ;  arsenicum  has  a  similar  effect.  Most  of  the  metals — ^includ- 
ing copper,  lead,  tin,  zinc,  and  iron — are  without  action  upon  it,  but  mercury 
abeorbe  it  completely.  The  gas,  when  dissolved  in  water,  furnishes  chlorous 
acid  (HCIOJ ;  and  the  solution  oxidizes  all  these  metals ;  they  commonly  yield 
a  mixtore  of  dilorate  and  chloride,  especially  if  the  acid  be  in  excess ;  for  instance, 
2Zn  +  4HCIO,  =  ZnCl,  +  Zn2C10, 4- 2H,0. 

The  composition  of  chlorous  anhydride  is  the  following,  and  its  combining 
TC^ome  is  anomalous,  as  appears  from  the  experiments  of  Millon,  confirmed  by 
those  of  Sehiel,  the  molecule  occupying  3  volumes  instead  of  2 1~^ 
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Qjweif^i.  MUloii.         BjtoL  Sp.gr. 

Chlorine  Clj  =  71  or  59*66        60*15    2  or  o'66  1*635 

Oxygen  0,   =  48      40*34        39*85    3      ^^o  1-105 


}  01,0,  =119 


100*00      100*00  3       I '00      3740 


Chlorous 
anhydride 

This  gas  is  soluble  in  about  one-sixth  of  its  bulk  of  water,  and  the  solution,  even 
when  diluted  very  largely,  has  a  bright  yellow  colour.  The  compound  is  pre- 
pared by  deoxidizing  chloric  acid ;  this  object  is  effected  by  means  of  arsenious 
acid,  when  the  gas  is  required  in  a  state  of  purity.  Three  parts  of  arsenious 
anhydride  (white  arsenic)  and  4  of  potassio  chlorate  are  rubbed  up  into  a  paste 
with  water,  and  16  parts  of  pure  nitric  acid,  of  sp.  gr.  1*24,  are  added;  the 
whole  is  placed  in  a  small  flask,  which  is  filled  up  to  the  neck  with  the  mixture, 
and  a  very  gentle  heat  is  applied  by  means  of  a  water-bath  (Millon,  Ann.  de 
Chimie,  III.  viL  322).  The  gas  must  be  collected  by  displacement  in  dry 
bottles,  as  it  is  rapidly  decomposed  by  mercury.  In  this  operation  the  arsenious 
acid  becomes  oxidized  at  the  expense  of  the  nitric  acid  ;  nitrous  acid  is  formed, 
and  this  in  turn  is  reconverted  into  nitric  acid  by  decomposing  the  liberated 
chloric  acid :  for  example 


Aneoioiu  Nitrio  Anenio  Kitrou 

add.  aoid.  acid.  aoid. 


HjAsO,     -h    HNO,    =     H,As04    +    HNO,;  and 

Kitrooa  PotMtio  Potaatie  CUorooa  Walar 

add.  ohlonte.  nitrate.  anhydride.  water. 

2HN0j    +     aicio,    =    2KNO,    +     CIA    +     5^0. 

Tartaric  acid  may  be  substituted  for  arsenious  anhydride  in  this  operation, 
but  the  gas  is  then  mixed  with  carbonic  anhydride. 

Chlorous  acid  (HCIO,  =  68*5)  possesses  considerable  bleaching  power ;  it 
acts  slowly  upon  bases,  and  forms  monobasic  salts,  termed  chlorite*,  with  the 
general  formula  M'CIO,.  Fotassic  chlorite  (KCIO,)  is  deliquescent :  if  its  solu- 
tion be  slowly  evaporated  to  dryness,  it  is  converted  into  a  mixture  of  chloride 
and  chlorate  of  the  metal,  in  equivalent  proportions.  The  chlorites  of  sodium, 
barium,  and  strontium  are  also  deliquescent.  The  chlorites  are  decomposed  by 
the  feeblest  acids,  such  even  as  carbonic  acid.  Plumbic  nitrate  produces  a 
sulphur-yellow  scaly  precipitate  in  their  solutions,  owing  to  the  formation  of 
plumbic  chlorite  (Pb2C10,).     Argentic  chlorite  is  also  yellowish  and  insoluble. 

The  chlorites  may  be  distinguished  from  the  hypochlorites  by  the  addition  of 
a  mixture  of  arsenious  anhydride  with  nitric  acid,  which  does  not  destroy  the 
bleaching  power  of  the  chlorites,  whilst  it  destroys  that  of  the  hypochlorites. 
Their  solutions  deoxidize  an  acidulated  solution  of  potassic  permanganate. 

(385)  Peroxide  of  Chlorine  :  Chloric  Dioxide  (0103=67-5)  ; 
ReL  wt.  3375;  Theoretic  Sp.  Gr.  2*331 ;  Observed,  2*3227 ;  Boil^ 
ing-pt.  68°  (20°  0.) ;  Mol.  Vol. }     j     . — ^This  compound  is  gaseous 


at  ordinary  temperatures^but  by  slight  pressure,  or  by  exposure  to  a 
cold  of  —4°  ( —  20°  0.),  it  is  reducible  to  a  red  liquid,  which,  accord- 
ing to  MiUon,  is  liable  to  explode  as  powerfully  as  chloride  of 
nitrogen.  The  gas  is  of  a  colour  still  deeper  than  that  of  chlorous 
anhydride,  and  has  a  similar  but  less  irritating  odour.  It  may  be 
preserved  imaltered  in  the  dark,  but  is  gradually  decomposed  in 
the  sunlight  into  its  component  gases.  Water  dissolves  about  20 
times  its  bulk  of  the  gas,  and  forms  a  yellow  solution,  which 
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bleaches  powerfully.  The  gas  requires  great  care  in  its  prepara- 
tion, as  a  temperature  a  little  above  140°  (60°  C.)  or  145°  deter- 
mines its  explosion ;  2  volumes  of  this  gas  furnish  a  mixture  of  2, 
volumes  of  oxygen  and  i  of  chlorine,  its  composition  being  thus 
represented : — 

By  weight.  By  toL  8p.  gr. 

Chlorine       ...        CI     =    35*5  or  52*59        i  or  0*5    =     1*226 
Oxygen        ...        0,     =    320      47*41         2       1*0    =     i*io5 

Chloric  dioxide    CIO,    =    67*5     loo'oo        2     i*o     =     2*331 

Chloric  dioxide  may  be  thus  obtained: — Fused  potassic  chlorate 
is  broken  into  coarse  fragments,  and  treated  with  two-thirds  of  its 
weight  of  oil  of  vitriol,  the  action  being  favoured  by  a  very  gentle 
heat.   The  reaction  may  be  represented  by  the  following  equation  : 

PotoMio  Snlphnrio  Chlorine  Potutio  Hydro-potosiio         Water 

ehlonto.  aoid.  dioxide.  perohlo»te.  snlphate.  vtmct. 

sKaOj  +  aHjSO^  =  aOO,  +  KCIO^  +  oKHSO^  +  H^. 

This  peroxide  may  also  be  procured  mixed  with  carbonic  anhy- 
dride, by  mixing  potassic  chlorate  and  crystallized  oxalic  acid,  both 
finely  powdered  separately,  and  gently  heating  to  149°  (65°  C.) 
(Calvert). 

Chloric  dioxide  acts  rapidly  upou  mercury,  and  must  there- 
fore be  collected  by  displacement.  Mere  contact  with  many 
combustible  matters  at  once  determines  its  explosion.  Place,  for 
faistance,  about  0*3  grm.  of  potassic  chlorate  at  the  bottom  of  a 
tall  glass,  and  pour  upon  it  a  little  water ; 
then  having  placed  the   glass  in  a  deep  ^i^«  3^7' 

plate  (fig.  307),  add  a  piece  of  phosphorus 
of  about  the  size  of  a  pea,  and  by  means 
of  a  long  funnel  pour  slowly  in  about  a 
teaspoonful  of  oil  of  vitriol ;  flashes  of  a 
beautiful  green  light,  attended  with  a 
crackling  noise,  will  be  immediately  pro- 
duced. If  loaf  sugar  and  potassic  chlo- 
rate be  separately  powdered,  and  mixed 
in  equal  proportions  with  each  other  on 
a  sheet  of  paper,  by  means  of  a  spatula, 

the  addition  of  a  drop  of  sulphuric  acid  will  liberate  the  dioxide, 
which  will  be  decomposed  by  the  combustible  matter,  and  suffi- 
cient heat  will  be  emitted  to  cause  the  mass  to  burst  into  flame, 
and  to  deflagrate  with  great  brilliancy.  Peroxide  of  chlorine  is 
not  possessed  of  acid  properties;  alkaline  solutions,  however, 
absorb  it  rapidly,  but  when  evaporated,  they  yield  a  mixture  of 
chlorite  and  chlorate  of  the  metal . — 


140  CHLO&IDB   OV  NIT&OOBN. 

Chlorlo  dkndde.      FotMtIo  hydrat*.        PotMaio  ehlorite.       PotMBle^lanite.  Wctar. 

aOO^     +     aKHO     =     KCIO,     +     KOOj     +     H^ 

Other  oxides  of  chlorine  have  been  obtained ;  they  have  a 
composition  which  may  be  explained  by  considering  them  as 
compounds  of  chlorous  anhydride  with  chloric  or  with  perchloric 
anhydride;  they,  however,  present  but  few  points  of  interest. 
Davy's  etichlorine,  which  is  evolved  on  gently  heating  a  chlorate 
with  hydrochloric  acid,  is  a  yellow  explosive  gas,  consisting  of  a 
mixture  of  chlorine  with  one  of  these  compound  oxides,  the  chhrO" 
chloric  acid  {2  Clfi^^Cifi^;  Millon). 

(386)  Chloride  op  Niteogbn  (HCl3N,Cl3N?);  Sp.  Gr.  of 
Liquid,  i'653. — ^The  attraction  existing  between  chlorine  and 
nitrogen  is  very  feeble ;  the  compound  commonly  known  by  the 
name  of  chloride  of  nitrogen  is  always  obtained  by  indirect  means. 

If  a  current  of  ammoniacal  gas  be  directed  into  a  bottle  of 
gaseous  chlorine  it  will  take  fire  spontaneously,  burning  with  a 
green  flame,  whilst  hydrochloric  acid  is  formed,  and  nitrogen  is 
set  free ;  dense  white  fomes  being  generated  by  the  union  of  the 
hydrochloric  acid  with  undecomposed  ammonia.  By  modifying 
the  experiment,  the  reaction  may  be  employed  as  a  means  of 
obtaining  nitrogen  gas,  for  when  a  stream  of  chlorine  gas  is  trans- 
mitted through  a  solution  of  ammonia,  the  hydrochloric  add  as 
fast  as  it  is  formed  combines  with  undecomposed  ammonia,  and 
nitrogen  is  liberated :  if  the  solution  be  concentrated,  each  bubble 
of  chlorine  produces  a  flash  of  light.  One  atom  of  ammonia, 
when  decomposed  by  3  atoms  of  chlorine,  yields  i  atom  of  nitro- 
gen; aH3NH-3Cl3,  becoming  6HCl-hN5,.  The  nitrogen  is  apt 
to  be  mixed  with  a  variable  quantity  of  oxygen,  a  little  water 
being  also  decomposed  at  the  same  time.    (A.  Anderson.) 

But  if  instead  of  acting  on  a  solution  of  free  ammonia,  a  bottle 
of  chlorine  perfectly  clear  from  greasy  matter  be  inverted  over 
a  leaden  dish  containing  a  solution  of  i  part  of  sal  ammoniac 
(H^NCl),  in  I  a  parts  of  water,  drops  of  a  yellow  oily-looking 
liquid  gradually  collect  on  the  surface  of  the  liquid  and  fall  to 
the  bottom,  whilst  the  chlorine  slowly  disappears ;  this  liquid  is 
the  substance  known  as  chloride  of  nitrogen.  A  safer  method  of 
obtaining  this  body  consists  in  suspending  a  fragment  of  sal 
ammoniac  (say  1*5  or  3  grammes)  in  a  solution  of  hypochlorous 
acid ;  oily  drops  of  the  so-called  chloride  of  nitrogen  are  gradually 
formed,  and  sink  in  the  liquid  as  the  salt  is  dissolved.  The  new 
body  remains  liquid  at  —16°  (— a7°C.),  but  is  very  volatile,  and 
possesses  a  peculiar  penetrating  odour.     It  is  one  of  the  most 
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dangerous  compoondB  known^  for  it  explodes  with  tremendous 
riolence  when  heated  to  between  200°  and  2 1  a°  (93°  and  100°  C), 
emitting  a  flash  of  light  when  the  detonation  occurs.  The  ex- 
plosion is  so  sudden  that  it  inyariably  breaks  an j  glass  or  porce-* 
lain  yessel  in  which  it  niay  be  contained :  hence  a  leaden  saucer 
is  used  in  preparing  the  compound.  The  liquid  chloride  also 
explodes  violently  at  ordinary  temperatures  when  brought  into 
contact  with  many  inflammable  substances^  such  as  oil  of  tur- 
pentine, phosphorus,  and  the  fixed  oils.  The  alkalies  likewise 
cause  its  immediate  explosion.  On  the  other  hand,  it  does  not 
explode  when  touched  with  the  resins,  the  strong  acids,  with 
metallic  bodies  in  general,  or  with  sugar. 

Little  or  nothing  is  known  of  the  cause  of  these  remarkable 
reactions,  or  of  the  light  and  heat  emitted  when  the  chloride 
explodes  by  slightly  elevating  its  temperature ;  in  this  case  and  in 
the  analogous  instances  of  the  explosion  of  the  oxides  of  chlorine, 
light  is  emitted,  not  during  the  act  of  combination,  as  is  usual, 
but  during  the  expansion  and  sudden  separation  of  the  two 
gaseous  elements. 

The  analysis  of  this  body  is  attended  with  great  difficulty.  It 
is  a  substitution  product  obtained  from  ammonia,  the  hydrogen 
of  which  has  been  more  or  less  completely  displaced  by  chlorine ; 
and  it  is  highly  probable  that  it  is  not  simply  a  chloride  of 
nitrogen,  but  a  combination  of  chlorine,  nitrogen,  and  hydrogen 
(HCl^,Cl3N),  somewhat  analogous  to  the  corresponding  ex- 
plosive compoimd  which  may  be  formed  with  iodine  (400). 

(387)  Chlorides  of  Carbon. — Chlorine  does  not  unite  directly 
with  carbon,but  Faraday  succeeded  in  procuring  several  compounds 
between  these  elements  by  the  decomposition  of  Dutch  liquid,  a 
combination  of  carbon  and  hydrogen  with  chlorine,  obtained  under 
circumstances  which  will  be  explained  when  treating  of  olefiant 

gas  (488). 

Acetylene  chloride  (formerlj  Suhchhride)  of  carbon  (C,C1,  =  95)  fonxiB  fine 
silkj  crystals,  which  may  be  sablimed  in  closed  vessels  without  change ;  it  is 
■olabk  in  ether.  This  substance  is  obtained  by  decomposing  the  ethylene-chloride 
of  carbon  (C,C1J,  by  causing  it  to  pass  several  times  through  a  tube  heated 
to  bright  redness.  If  heated  in  air  on  platinum  foil,  it  bums  with  a  red  smoky 
flame. 

Ethylene cUoride  (formerly  Protochloride)  qf  carbon  (C,C1^  =  J 66);  1^.  Or, 
qf  Liquid,  i'6i9;  of  Vapour,  ^'82;  Mol.  Vol.  C_];  Rel.  wt  83  ;  Boiling 
pt.  248^  (120''  C.)* — This  compound  was  procured  by  Faraday  from  the  solid 
chloride  (0,01  J  by  subliming  it  repeatedly  through  a  tube  filled  with  fragments 
of  glass  heated  to  redness.  It  is  a  transparent  colourless  liquid,  with  an  aromatic 
odour. 

Faraday's  chloride  (formerly  Sesquichloride)  of  carbon  (C,Clg 
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=237) ;  Sp.  Gr.  of  Solid,  2'o ;  of  Vapoury  8*157 ;  Mol.  Vol. 
Rel  wt  118-5 ;  MeUing-pL  320°  (160°  C);  BoHing-pt.  360°  (i8i^^). 
-^This  chloride  was  originally  procured  by  the  action  of  chlorine 
upon  Dutch  Uquid  (488) ;  but  it  has  since  been  obtained  by  the 
action  of  chlorine  upon  a  variety  of  derivatives  from  the  alcohol 
series.  It  is  a  volatile  crystalline  soUd,  with  an  aromatic  odour 
resembling  that  of  camphor.  It  is  soluble  in  alcohol^  in  ether^ 
and  in  the  fixed  and  volatile  oils.  An  isomeric  (506)  liquid  tri- 
chloride, the  vapour  of  which  has  a  density  of  4*082,  and  a  com- 
position CClg,  was  obtained  by  Regnault  by  passing  the  vapour  of 
tetrachloride  of  carbon  (CCl  J  through  a  tube  heated  to  low  redness. 
Tetrachloride  {{ormerly  Bichloride)  of  Carbon  (001^=154); 
Sp.   Gr.  of  Liqidd,   1*599;  ^f  ^opour,  5*30;  Mol.   Vol. 


Relwt.  77;  Freezing-pt.  -if  (-2300.);  Boiling^pt.  172°  (78°  C). 
— ^This  substance  was  obtained  by  Regnault  from  wood-spirit,  from 
chloroform,  and  from  other  derivatives  from  wood-spirit,  by  ex- 
posing them  in  the  sun  to  the  action  of  an  excess  of  chlorine. 
Kolbe  also  found  that  a  mixture  of  the  vapour  of  carboiiic  disul- 
phide  and  dried  chlorine,  when  passed  through  a  porcelain  tube 
heated  to  redness,  yields  the  same  compoimd  mixed  with  chloride 
of  sulphur ;  CS^  +  3013= CCl^  -f  S^Clg.  If  the  mixture  be  agitated 
with  a  solution  of  potash,  the  chloride  of  sulphur  is  decomposed 
and  dissolved,  and  the  tetrachloride  subsides ;  it  may  be  decanted 
and  purified  by  distillation.  It  is  a  colourless  liquid,  which  is 
insoluble  in  water,  but  soluble  in  alcohol  and  in  ether ;  an  alco- 
holic solution  of  potash  decomposes  it  into  chloride  and  carbonate 
of  potassium;  6KHO  +  CCl4=4KCl  +  K2C03-f  3H2O.  If  its  vapour 
diluted  with  air  be  respired,  it  exerts  an  anaesthetic  action  on  the 
system.  Tetrachloride  of  carbon  becomes  a  crystalline  solid  of 
pearly  lustre  at  —9°.  If  passed  through  red-hot  tubes  it  is  de- 
composed into  free  chlorine  and  a  mixture  of  ethylene -chloride 
and  Faraday's  sesquichloride  of  carbon. 

(388)  Carbonic  Oxydichloride  ;  Chhrocarbonic  Add ;  Phos^ 
gene  Gas  (0003=99);  Rel.  wt.  49*5;  Theoretic  Sp.  Gr.  3*42; 
Observed,  3*68;  Mol.  Vol.\    ''  ". — ^When  equal  measures  of  car- 


bonic oxide  and  chlorine  are  exposed  to  the  direct  rays  of  the 
sun,  they  combine,  and  become  condensed  into  half  their  volume. 
The  combination  takes  place  slowly  in  the  difiused  light  of  day ; 
but  no  action  occurs  if  the  two  gases  are  mixed  together  and  kept 
in  a  dark  room.  There  are  other  modes  of  obtaining  this  com- 
pound indirectly ;  for  example,  it  may  be  prepared  by  transmit- 
ting carbonic  oxide  gas  through  heated  antimonic  chloride  (SbClJ; 
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the  action  of  light  is  not  necessary  in  this  case.  This  reaction 
may  sometimes  be  usefrilly  employed  as  a  test  for  carbonic  oxide 
when  mixed  in  small  quantity  with  other  gases^  the  pungent  odour 
of  the  oxydichloride  which  is  formed  being  very  characteristic. 
The  composition  of  the  gas  is  the  following : — 

Bj  weight.  Bj  toI.  8p.  gr. 

Carbonic  oxide  CO       =     38  or  38*38        3  or  1*0    =    0*967 
Chlorine  CI,       =71        1^1^        2        I'o    =    3*453 

Pho^;ene  gas  COCl,  =  99  loo'oo  3  1*0  =  3*430 
Carbonic  oxydichloride  is  a  colourless^  suffocating  gas^  which 
is  immediately  decomposed  by  water  into  carbonic  anhydride  and 
hydrochloric  acid  :  COClg  -f  H^O = COg  -f  aHCl.  A  similar  decom- 
position occurs  if  it  be  treated  with  many  of  the  metallic  oxides^ 
sach  as  zincic  oxide^  whilst  a  chloride  of  the  metal  is  formed ; 
COClj+ZnO=COg-hZnCl2.  If  heated  with  arsenicum  or  anti- 
mony^ the  chlorine  is  removed  and  carbonic  oxide  is  liberated. 
Carbonic  oxydichloride  does  not  possess  the  characters  of  an  acid ; 
but  if  the  gas  be  mixed  with  ammonia  in  the  proportion  of  i 
Tolome  of  phosgene  to  4  volumes  of  ammonia^  both  gases  are  con- 
densed^ and  form  a  white  volatile  solid^  which  is  neutral  to  test- 
paper,  destitute  of  smelly  and  soluble  in  water  and  in  alcohol 
slightly  diluted,  but  insoluble  in  ether.  This  substance  consists  of 
a  mixture  of  anmionic  chloride  and  carbamide  (urea ;  Natanson) : 

4H3N  +  C0Cl2= aH^Na  +  H^NgCO. 

§  II.  Bbomine  :  Br.  =  80.* 

Atamie  Vol.  of  VaiptmT  [^ ;  Reh  wt.  80 ;    Theoretic  Sp,  Gr.  of 

Vapour,  5*528;  Observed,  5*54;  of  Liquid  at  32°  {oP  C.) 

3-187;  Melting-pi.  9®'5  (  — 12°-5  C.);  Boiling-pt. 

i45°-4  (63°  C.) ;  Monad,  as  in  HBr. 

(389)  Bbomine,  so  named  owing  to  its  irritating  odour  (from 
PpitfAOQ,  a  stench),  was  discovered  by  Balard  in  the  year  1826, 
in  bittern,  which  is  the  mother-liquor  of  sea- water  after  the  less 
soluble  salts  have  been  extracted  by  crystallization.  Bromine 
exists  in  sea  water  in  minute  quantity,  varying  from  one-third  of 
a  grain  to  about  one  grain  in  each  gallon,  or  from  4  to  14  mgrms. 
per  litre ;  the  waters  of  the  Dead  Sea  also  contain  bromine  in 
even  larger  quantity  than  this  :  it  appears  to  be  combined  with 
magnesiimi,  as  bromide  of  magnesium.  Many  saline  springs,  such 
as  those  of  Kreuznach  and  Edssingen,  likewise  contain  bromine 


•  The  molecular  volume  oifree  bromine  is  regarded  as  (BrBr)  =  I " .'    { ;  and 
its  molecular  weight  -  160. 
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in  quantity  sufficient  to  render  its  extraction  from  them  a  sonroe 
of  profit.  Indeed^  few  deposits  of  sodic  chloride  exist  in  which 
traces  of  bromine  have  not  been  discovered.  It  has  also  been 
found  in  a  silver  ore  from  Mexico^  and  it  is  abundant  in  the  mines 
of  Chanarcillo^  in  South  America ;  in  both  cases  the  bromide  of 
silver  is  mixed  with  chloride  of  silver. 

Extraction. — In  order  to  obtain  bromine,  the  mother-liquor 
from  the  brine^  after  all  the  salts  separable  by  crystallization  have 
>  been  removed^  is  subjected  to  a  current  of  chlorine,  taking  care  to 
avoid  an  excess  of  this  gas,  which  would  occasion  inconvenience 
by  forming  a  compound  with  the  liberated  bromine.  All  the 
bromides  are  decomposed  readily  by  chlorine,  the  attraction  of 
chlorine  for  the  metals  being  more  powerful  than  that  of 
bromine.  In  the  foregoing  operation  magnesic  chloride  is  formed, 
and  bromine  is  set  free :  MgBrjH-CljrsMgClg  +  Brg;  the  bromine 
shows  itself  by  giving  to  the  liquid  a  beautiful  and  characteristic 
yellow  colour.  This  yellow  Uquid  when  agitated  with  ether,  parts 
with  its  bromine,  which  is  dissolved  by  the  ether.  If  the  mix- 
ture be  allowed  to  stand  in  a  glass  globe  closed  at  the  top  by  a 
stopper,  and  furnished  with  a  glass  stopcock  at  the  bottom,  the 
ether  rises  to  the  surface,  where  it  forms  a  beautifrd  golden  yellow 
layer.  The  mother-liquor  is  drawn  off  by  opening  the  stopcock, 
and  the  ethereal  solution  is  agitated  with  a  solution  of  potassic 
hydrate ;  the  yellow  colour  immediately  disappears ;  bromide  and 
bromate  of  potassium  are  formed  and  dissolved  in  the  water; 
3Br2-f6KHO=KBr03-f5KBrH-3H20;  whilst  the  ether,  after 
repose,  rises  again  to  the  surface  despoiled  of  its  bromine,  and 
may  again  be  employed  in  a  repetition  of  the  process  upon  a 
fresh  quantity  of  bittern.  When  the  solution  of  potash  has,  by 
repeated  charges  of  bromine,  been  nearly  neutralized,  the  Uquid 
is  evaporated  to  dryness ;  the  saline  mass  is  gently  ignited  to  de- 
compose the  bromate,  after  which  it  is  mixed  with  peroxide  of 
manganese  mid  distilled  in  a  retort  with  sulphuric  acid :  dense 
red  vapours  of  bromine  pass  over,  which  may  be  collected  in  a 
receiver  containing  water,  and  kept  cool  by  ice.  The  decompo- 
sition is  of  the  same  nature  as  that  attending  the  liberation  of 
chlorine  from  sea  salt  by  means  of  oxide  of  manganese  and  sul- 
phuric acid : — 

2KBr + MnOj + sH^SO^rr  aKHSO^ + MnS  O^  +  ^H^O + Br,. 

In  this  operation  a  small  quantity  of  chlorine  passes  over  with 
the  bromine ;  since  from  the  manner  in  which  potassic  bromide  is 
formed,  it  is   always   contaminated  with   a  portion  of  potassic 
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cUoride.     The  chlorine  unites  with  part  of  the  bromine,  forming 

chloride  of  bromine^  which  is  partially  decomposed  and  dissolved 

\jy  the  water  in  the  receiver,  while  the  bromine  is  condensed  in 

led  drops.     In  order  to  obtain  bromine  free  from  chlorine  it 

mtut  be  saturated  with  baric  hydrate,  which  produces  a  mixture 

of  bromide  and  chloride  with  bromate  of  barium :  this  mixture 

must  be  heated  to  redness  in  order  to  convert  the  bromate  into 

bromide  of  barium,  and  the  residue  digested  in  alcohol,  which 

dishes  nothing  but  the  bromide.    The  baric  bromide  is  obtained 

b?  e?aporation  of  its  alcoholic  solution,  and  when  heated  with  black 

oxide  of  manganese  and  sulphuric  acid  it  yields  pure  bromine. 

Properties.— BTormne  forms  a  red  liquid,  so  deep  in  colour  as 
to  be  nearly  opaque.     It  has  a  sp.  gr.  of  ^'966  at  59®  (15®  C.) : 
it  is  very  volatile,  and  emits   dense  red  vapours  resembling  per- 
oxide of  nitrogen  in  colour  (Part  I.  fig.  81).     In  smell  it  resem- 
bles chlorine,  and  is  extremely  irritating  to  the  nose  and  fauces 
when  respired,  even  if  largely  diluted  with  air.     When  swallowed 
it  operates  as  a  powerfully  irritating  poison ;  it  acts  rapidly  on 
aU  the  organic  tissues,  and  renders  the  skin  permanently  yellow. 
Bromine  boils  at  I45°'4  F.  (63°  C.)  (Pierre),  and  when  exposed 
to  a  temperature  of  9^*5  (— ia°'5  C.)  it  forms  a  red  crystalline 
solid.      The  properties  of  bromine    greatly    resemble    those    of 
chlorine,  though  they  are  less  strongly  developed.     It  bleaches 
many  vegetable  colours.     Its  vapour  will  not  support  the  fiamc  of 
a  burning  taper.     Bromine  is  slightly  soluble  in  water,  and  gives 
to  it  a  yellow  colour ;  it  also  forms  with  it  a  hydrate  (Br  5H2O ; 
Lowig),  which  crystallizes  in  octohedra  at  3^°  (0°  C).    The  aqueous 
solution  of  bromine  is  decomposed  by  sunlight  into  hydrobromic 
acid  and  oxygen.     Alcohol  dissolves  bromine   freely,  and  ether 
does  so  still  more  abimdantly.     Olefiant  gas  is  rapidly  absorbed 
by  liquid  bromine,  and  a  liquid  compound  (CgH^Br^),  ethylene 
dibromide,  is   formed.     Bromine  combines   directly  with   phos- 
phorus, and  with  many  of  the  metals,  forming  compounds  termed 
bromides  (540),  the  act  of  combination  being  often  attended  with 
ignition,  as  in  the  case  of  antimony  and  of  tin  :  even  gold  combines 
with  it,  though  but  slowly ;   its  compound  with  silver  furnishes  a 
material  of  considerable  value  in  photographic  operations. 

(390)  Hydrobromic  Acid;  Hydric  bromide  (HBr=8i);  ReL 
wt,  40*5;  Theoretic  Sp.  Gr,  27986;  Observed,  2731;  MoL 
Vol.  ;  I  "j. — Bromine  resembles  chlorine  in  its  property  of  com- 
bining with  hydrogen,  and  forming  with  it  a  very  powerful  acid, 
which  is  a  gaseous  body  consisting  of  equal  measures  of  hydrogen 
and  bromine  vapour  united  without  change  of  bulk.     The  mixture 

II.  L 
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of  bromine  vapour  and  hydrogen  cannot  be  detonated  by  the  ap- 
proach of  flame^  or  by  the  electric  sparky  but  the  two  elements 
may  be  made  to  unite  slowly^  by  suspending  a  red-hot  platinum 
wire  in  the  mixture.  K  moisture  be  present,  the  occurrence  of 
combination  instantly  shows  itself  by  the  formation  of  white 
fumes,  which  arise  from  the  union  of  the  newly  produced  gaseous 
acid  with  the  aqueous  vapour. 

Preparation, — i.  Hydrobromic  acid  gas  may  be  procured 
abimdantly  by  decomposing  potassic  bromide  with  a  concentrated 
solution  of  phosphoric  acid.  If  sulphuric  acid  be  used  for  the 
purpose,  the  product  is  impure,  since  this  acid  itself  undergoes 
partial  deoxidation. 

2. — It  may  also  be  obtained  by  decomposing  phosphorous 
bromide  by  means  of  a  small  quantity  of  water,  when  the  following 
reaction  occurs : — 

PBr,+3H,0=3HBr+H,PO,; 

phosphorous  and  hydrobromic  acids  being  produced.  This  experi- 
ment may  be  easily  performed  with  the  aid  of  a  tube  bent  as  in 

fig«  308.     In    the   bend  p,   a   few 
Fig.  308.  fragments  of  phosphorus  and  moists 

ened  glass  are  placed,  bromine  is 
poured  into  b,  and  the  tube  is  closed 
by  a  cork,  c ;  on  applying  a  gentle 
heat  at  b,  the  bromine  is  distilled 
over  and  comes  into  contact  with 
the  phosphorus,  forming  the  tri- 
bromide,  which  is  decomposed  by  the  water  at  the  moment  of  its 
formation,  and  hydrobromic  acid  escapes  by  the  bent  tube,  t. 

Hydrobromic  acid  gas  is  colourless,  it  is  not  inflammable,  it  ex- 
tinguishes flame,  and  possesses  the  usual  irritating  action  of  acid 
gases  on  the  limgs.  Faraday  succeeded  in  liquefying  the  gas  under 
strong  pressure,  and  in  a  bath  of  solid  carbonic  anhydride  and 
ether,  he  even  obtained  it  in  the  form  of  a  solid,  which  melted  at 
—  124°  (—87°  C).     The  acid  has  the  following  composition : — 

By  weight.  By  Tolame.  8p.  kt. 

Bromine     ...        Br    ^  80    or    9876       i     or    0*5  =  2^^64 
Hydrogen  ...        H     =     i  1*24       i  0*5  =  0*034 

Hydrobromic  acid  gas  is  very  soluble  in  water,  forming,  when 
concentrated,  a  fuming  solution  of  greater  density  than  hydro- 
chloric acid.  A  solution  of  the  acid  of  sp.  gr.  1*486  (HBr,  ^Hfi) 
contains  about  47  per  cent,  of  the   anhydrous   acid ;  it  boils  at 
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259^  (126°  C),  and  may  be  distilled  without  change.  (See  note, 
p.  152.)  Chlorine  decomposes  it  immediately;  bromine  being 
set  free  and  hydrochloric  acid  produced. 

The  action  of  hydrobromic  acid  upon  the  metallic  oxides  is 
analogous  to  that  of  hydrochloric  acid  upon  them ;  bromide  of  the 
metal  and  water  being  produced ;  for  instance,  hydrobromic  acid 
and  potassic  hydrate  form  potassic  bromide  and  water ;  KHO  +  HBr 
yielding  KBr  +  HjO. 

(391)  Bromides. — ^The  bromides  are  all  solid  at  ordinary  tem- 
peratures :  most  of  them  are  fiised  by  a  moderate  heat,  and  are 
partially  volatilized ;  and  the  bromides  of  gold  and  platinum  are 
decomposed.  Most  of  the  bromides  are  readily  soluble  in  water. 
They  are  all  decomposed  by  chlorine,  and  when  in  solution  they 
may  be  recognized  by  the  yellow  colour  of  bromine  which  is  pro- 
duced by  the  addition  of  a  few  drops  of  chlorine  water,  taking 
care  to  avoid  an  excess  of  chlorine.  On  agitating  this  yellow 
solution  with  ether,  the  bromine  is  dissolved  by  the  ether,  which 
on  standing  separates  as  a  yellow  liquid,  at  the  top  of  the  colour- 
less aqueous  portion.  If  the  quantity  of  the  bromide  is  very 
minute,  a  small  quantity  of  carbonic  disulphide  may  be  advan- 
tageously substituted  for  ether,  as  it  acquires  a  yellow  tinge  with 
an  amount  of  bromine  too  small  to  act  upon  the  ether ;  the  pre- 
sence of  sulphuric  or  of  sulphurous  acid  must  however  in  this  case 
be  avoided.  The  bromides,  when  heated  with  black  oxide  of  man- 
ganese and  oil  of  vitriol,  yield  red  vapours  of  bromine ;  strong 
nitric  acid  has  a  similar  effect.  Both  argentic  and  plumbic  nitrate 
give  a  white  precipitate  with  solutions  of  the  bromides,  forming 
argentic  bromide  (AgBr),  or  plumbic  bromide  (PbBrg) ;  argentic 
bromide  is  insoluble  in  cold  nitric  acid,  but  is  dissolved  by  a  large 
excess  of  ammonia;  but  plumbic  bromide  ia  dissolved  by  the 
addition  of  diluted  nitric  acid.  Mercurous  nitrate  also  gives  a 
white  precipitate  of  mercurous  bromide  (HgBr)  when  added  to 
solutions  of  the  bromides ;  it  is  soluble  in  chlorine  water  with 
liberation  of  bromine.    Cupreous  bromide  is  also  sparingly  soluble. 

Bromine  often  combines  with  the  same  metal  in  more  than 
one  proportion,  and  the  compoimds  of  bromine  correspond  almost 
always,  both  in  number  and  composition,  with  those  of  chlorine 
with  the  same  metal.  Oxybromides  may  be  formed  resembling 
the  oxychlorides ;  and  the  bromides  of  the  alkali-metals  form 
double  bromides  with  the  bromides  of  the  metals  which  yield  acids 
with  oxygen. 

(392)  Bbomic  Acid  ;  Hydric  hromate  (HBrO,=  129). — The  oxyacids  of 
bfomine  are,  with  the  exoeption  of  bromio  acid,  nearly  unknown,  and  this  com- 
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pound  has  never  been  obtained  in  the  form  of  anhydride.  The  bromio  corre- 
sponds to  chloric  acid  in  composition.  Potassic  bromate  is  procured  by  acting 
on  bromine  with  caustic  potash,  and  from  this  salt  the  acid  is  obtained  by  a 
process  similar  to  that  employed  in  the  preparation  of  chloric  acid  (382).  By 
the  action  of  heat,  potassic  bromate  is  decomposed,  potassic  bromide  being 
formed,  whilst  oxygen  is  liberated.  Any  solid  bromate,  when  mixed  with  con- 
centrated sulphuric  acid  and  heated,  gives  off  red  fumes  of  free  bromine,  while 
.  oxygen  is  evolved.  Argentic  and  mercurous  bromate  are  anhydrous  and  spa- 
ringly soluble :  plumbic  bromate  retains  i  atom  of  water  (Pb2BrO,,H,0) ;  it 
likewise  is  but  slightly  soluble.  When  heated  with  hydrochloric  acid  these  pre- 
cipitates evolve  free  bromine.  All  the  salts  of  bromic  acid  which  have  as  yet 
been  prepared  are  monobasic.  A  hypohromous  acid  (HBrO),  which  is  very  un- 
stable, may,  it  is  said,  be  formed  by  agitating  finely  powdered  mercuric  oxide 
with  bromine  and  water.  Compounds  of  feeble  bleaching  powers  may  also  be 
obtained  by  treating  bromine  with  solutions  of  the  alkalies. 

Ferhromic  acid;  Hydric  perbromate  (HBrO^=i45)  ^**  obtained  by 
Kammerer  by  decomposing  perchloric  acid  by  the  gradual  addition  of  bromine 
to  its  solution. 

(393)  Bromous  chloride  (BrCl,  P),  is  easily  obtained  by  transmitting 
chlorine  gas  through  liquid  bromine :  it  is  a  volatile,  reddish-yellow  liquid,  with 
a  very  pungent,  irritating  odour.  Water  dissolves  it,  forming  a  deep  yellow 
solution  possessed  of  considerable  bleaching  power. 

Bromide  of  Nitrogen  may  be  obtained  by  digesting  potassic 
bromide  with  the  so-called  chloride  of  nitrogen  j  it  forms  a  de- 
tonating oily-looking  liquid,  resembling  chloride  of  nitrogen  in 
appearance  and  properties. 

According  to  Schiel,  a  carbonic  orydibromide  (COBrj)  analo- 
gous to  phosgene  may  be  obtained  by  the  action  of  bromine 
vapour  on  carbonic  oxide  in  the  sun^s  rays. 

§  III.  Iodine:  1=127.* 

Atomic  and  Comb.  Vol.  of  Vapour  \^;  Rel.  tot.  127;    Theoretic 

Sp.  Gr,  of  Vapour,  8756  ;  Observed,  8716  ;  Sp.  Gr.  of  Solid, 

4*947;    Melting-pt.   2,2^    (107°  C.)  ;    Boiling-pt.  347° 

(175°  C.) ;  Monad  as  in  HI,  rarely  Triad  as  in  ICI3. 

(394)  Iodine,  the  third  element  in  the  group  which  we  are 
now  examining,  is  still  denser  than  bromine,  as  it  assumes  the 
solid  form  at  the  ordinary  temperature  of  the  air.  It  was  dis- 
covered in  the  year  18 11,  when  it  was  foimd  by  Courtois  acci- 
dentally, in  the  waste  liquors  produced  in  the  manufacture  of 
sodic  carbonate  from  the  ashes  of  sea-weed. 

Iodine  exists  in  the  ocean  in  quantities  still  smaller  than 
bromine.  It  is,  notwithstanding,  obtained  with  less  diflSculty, 
since  the  fuci,  algse,  sponges,  and  other  marine  plants,  extract  it 


*  Taking  the  molecule  of  iodine  when  free  to  be  (I  I)  or  I,,  its  molecular 
volume  in  the  state  of  vapour  will  be  rTli  and  its  molecular  weight  =  254. 
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&om  8ea-water,  and  store  it  up  in  their  tissues.  These,  when 
burnt,  give  an  ash  which  is  technically  known  as  kelp ;  it  contains 
iodine  in  the  form  of  sodic  iodide.  In  the  mineral  kingdom, 
iodine  has  been  found  in  one  or  two  rare  ores ;  thus  it  occurs 
comhined  with  silver  in  Mexico,  and  with  sdnc  in  Silesia ;  it  also 
exists  in  small  quantity  as  iodate  in  the  crude  Peruvian  aodic 
nitrate. 

Extraction. — Iodine  is  at  present  largely  manufactured  at  Glas- 
gow, from  kelp  made  on  the  coasts  of  Scotland  and  Ireland  ;  the 
following  is  an  outline  of  the  process  adopted  in  procuring  it : — 
The  sea-weed,  having  heen  dried  in  the  sun,  is  burned  in  shallow 
excavations,  at  a  low  heat ;  owing  to  the  volatility  of  the  sodic 
iodide  at  a  red  heat,  the  loss  of  this  salt  would  be  considerable  if 
the  temperature  were  allowed  to  rise  too  high.  The  half-liiaed 
ash,  or  kelp,  which  remains,  is  broken  into  fragments  and  treated 
with  boiling  water,  which  dissolves  about  one-half  of  the  ash.  The 
liquid  thus  obtained  is  then  evaporated  in  open  pans,  and  all  that 
can  be  separated  by  crystallization  is  removed ;  a  double  sulphate 
of  potassium  and  sodium,  sodic  carbonate,  and  potassic  chloride 
are  thus  extracted.  The  iodine  remains  in  the  mother-liquor, 
which  still  retains  disodic  sulphide,  besides  sodic  hyposulphite, 
and  some  carbonate.  This  liquor,  or  iodine  ley,  of  specific  gravity 
from  i'33  to  i"38,  is  now  mixed  with  one-eighth  of  ita  bulk  of  oil 
of  vitriol,  and  allowed  to  stand  for  twenty-four  hours  j  carbonic 
anhydride,  sulphurous  anhydride,  and  sulphuretted  hydrogen  gases 


escape,  and  sodic 
sulphate  crystal- 
lises out,  mixed 
with  a  consider- 
able quantity  of 
deposited  sulphur. 
The  supernatant 
liquid  is  next 
transferred  to  a 
stoneware  or  lead- 
en retort,  which, 
if  of  lead,  is  of 
cylindrical  form, 
0,  fig.  309,  sup- 
ported in  a  sand- 
bath,  and  gently 
heated  from  be- 
neath by  a  small 


Fio.  309. 


the  head  of  the  retort,  b,  e,  is  luted  on 
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with  clay^  and  the  contents  of  the  retort^  having  been  heated 
to  about  140^  (60°  C.)^  a  quantity  of  powdered  black  oxide  of 
manganese  is  introduced  through  the  tubulure^  b.  The  process 
must  be  conducted  slowly^  at  a  low  temperature ;  iodine  distils 
over^  and  is  condensed  in  the  globular  receivers,  d.  It  is  purified 
by  a  second  sublimation.  The  object  of  the  second  tubulure, 
shown  at  c,  is  to  facilitate  the  clearing  of  the  neck  of  the  retort 
in  case  it  should  become  obstructed  by  the  formation  of  crystals. 
If  the  temperature  be  allowed  to  rise  as  high  as  212^,  the  sodic 
chloride  retained  in  the  ley  is  decomposed,  chlorine  is  disengaged^ 
and  combines  with  part  of  the  iodine,  forming  chloride  of  iodine, 
which  is  wasted. 

In  the  foregoing  process,  the  addition  of  the  sulphuric  add 
occasions  the  decomposition  of  the  sodic  carbonate  and  hypo- 
sulphite, which  still  remain  in  solution,  as  well  as  of  any  disodio 
sulphide  that  may  be  present,  forming  sodic  sulphate  which  ia 
removed  by  crystallization.  The  liquid  retains  an  excess  of  sul« 
phuric  acid,  and  all  the  sodic  iodide.  When  this  mixture  ia 
heated  with  peroxide  of  manganese,  the  iodine  is  liberated,  whilst 
hydro-sodic  sulphate  and  manganous  sulphate  remain  in  the 
retort.  The  process  resembles  that  for  chlorine  and  for 
bromine  :— 

aNaH-Mn03-f3HjSO^=aNaHSO^+MnSO^+aHjO-fIy 

Properties. — ^The  crystalline  form  of  iodine  is  an  octohedron 
with  a  rhombic  base ;  but  it  is  generally  obtained  in  bluish-black 
scales,  resembling  plumbago  in  lustre.  It  is  a  non-conductor  of 
electricity.  At  ordinary  temperatures,  and  especially  when  in  a 
moist  condition,  it  is  sensibly  volatile,  emitting  an  odour  like  that 
of  chlorine,  but  much  weaker ;  when  heated  it  imdergoes  fusion 
at  225° ;  and  at  about  347°  it  boils  and  is  converted  into  a  mag- 
nificent purple  vapour,  whence  it  derives  its  name  (from  loccS^, 
violet-coloured).  Iodine,  when  taken  internally,  acts  in  large 
doses  as  an  irritant  poison ;  but  in  small  quantities  it  is  a  very 
valuable  medicine,  particularly  in  glandular  swellings,  and  in 
certain  forms  of  goitre.  It  stains  the  skin  and  most  organized 
substances  of  a  brown  colour,  and  gradually  corrodes  them. 
Water  forms  with  it  a  yellow  solution,  but  dissolves  it  only  in 
very  small  quantity.  Its  bleaching  properties  are  very  feeble. 
Alcohol,  ether,  hydriodic  acid,  and  solutions  of  the  iodides,  dis- 
solve it  freely,  forming  brown  solutions.  LugoPs  Solution,  which 
was  formerly  much  used  in  medicine,  consists  of  2  parts  of  iodine 
and  3  of  potassic  iodide,  dissolved  in  44  parts  of  water ;  it  is  of  a 
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deep  brown  colour.  Iodine  is  also  soluble  in  carbonic  disulphide^ 
to  wbich  a  minute  quantity  of  iodine  imparts  a  characteristic 
rich  violet  colour.  A  strong  solution  of  iodine  in  the  disulphide 
is  opaque  to  light,  but  it  allows  the  less  refrangible  heat  rays  to  pass 
freely.  Chloroform,  carbonic  tetrachloride,  and  benzol  likewise 
dissolve  iodine,  forming  red  solutions.  Iodine  attacks  many  of  the 
metals  rapidly,  forming  compounds  termed  iodides ;  iron  or  zinc  is 
readily  dissolved  by  it  if  placed  with  it  in  water,  an  iodide  of  the 
metal  being  formed.  The  compounds  of  iodine  with  the  metals 
and  with  hydrogen  are  decomposed  by  chlorine,  and  even  by 
bromine,  while  the  iodine  is  set  free.  Advantage  is  taken  of  this 
fact  in  ascertaining  the  presence  of  iodine.  The  most  delicate 
test  for  it,  when  uncombined,  is  the  intense  blue  colour  which  it 
yields  with  starch;  by  i^  means,  with  due  precaution,  i  part 
of  iodine,  when  dissolved  in  one  million  parts  of  water,  may  be 
discovered. 

There  are  various  modes  of  applying  this  test :  the  simplest 
conrists  in  mixing  a  little  cold  starch  paste  with  the  liquid  which 
is  suspected  to  contain  iodine ;  if  it  be  present  in  an  imcombined 
form,  a  beautifid  blue  colour  shows  itself.  If  the  iodine  be  in 
combination,  this  colour  does  not  appear  until  a  drop  of  chlorine 
water  or  of  solution  of  bleaching  powder  be  added  to  set  the 
iodine  free.  An  excess  of  chlorine  must  be  avoided,  as  it  forms 
chloride  of  iodine,  and  prevents  the  action  of  the  test :  David 
Price  recommends  the  use  of  a  solution  of  potassic  nitrite  as  a 
substitute  for  the  chlorine,  the  liquid  to  be  tested  being  slightly 
acidulated:  no  inconvenience  arises  from  the  presence  of  the 
nitrite  in  slight  excess.  The  colour  fades  away  if  the  solution 
be  heated,  but  it  is  partially  restored  as  the  temperature  falls. 
Solutions  of  the  alkalies,  as  well  as  of  sulphurous  acid,  sulphu- 
retted hydrogen,  and  reducing  agents  generally,  destroy  the  colour. 
As  starch  paste  cannot  be  long  kept  without  imdergoing  decom- 
position, it  is  often  convenient  to  substitute  for  the  freshly  made 
paste,  paper  which  has  been  smeared  with  the  starch,  and  allowed 
to  become  dry.  If  kept  in  a  dry  place,  such  paper  may  be  pre- 
served for  an  indefinite  length  of  time,  and  is  ready  for  use  at 
any  moment. 

(395)  Hydriodic  Acid;  Hydric  iodide^  HI  =128;  ReL  wt. 
64 ;  Theoretic  Sp.  Gr.  4*4125;  Observed,  4*443;  MoL  Vol. 
j  [  [ — By  heating  iodine  in  hydrogen,  the  volume  of  the  gas 
becomes  doubled,  and  a  colourless  acid  gas  is  produced ;  but  it  is 
never  prepared  for  use  in  this  manner.  A  better  mode  is  the 
following : — ^Place  in   a  small  retort  10  parts  of  potassic  iodide 
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with  5  of  water,  and  ao  of  iodine ;  then  drop  in  cautiously  i  part 
of  phosphorus  cut  into  small  fragments,  and  apply  a  gentle  heat. 
Hydriodic  acid  gas  mh  be  extricated  abundantly,  and  may  be 
collected,  by  displacement,  in  dry  bottles.  The  iodide  of  phos- 
phorus is  first  formed,  and  this  is  decomposed  by  water  into 
hydriodic  and  phosphoric  acids,  whilst  a  fresh  portion  of  hydriodic 
acid  is  liberated  by  the  action  of  the  phosphoric  acid  on  the 
potassic  iodide.  The  final  result  of  the  reaction  is  exhibited  by 
the  following  equation : — 

^SSSf*"        Iodine.       JK~:         w.t«r  ^^S^£^^       ^^2^^ 

8KI    +    T^,    +    P^  +   i6H^  yield  ^K^HPO^  +  28HI. 

Hydriodic  acid  gas  is  not  combustible,  nor  does  it  support 
combustion.  It  fumes  in  the  air,  and  possesses  a  powerfully  acid 
irritating  odour.  It  is  reduced  under  strong  pressure  to  a 
yellowish  liquid,  which  freezes  at  —60°  (— 51°  C).  Water  dissolves 
the  gas  with  great  avidity. 

A  solution  of  hydriodic  acid  may  be  easily  prepared  by  sus- 
pending iodine  in  water,  and  transmitting  a  current  of  sulphu- 
retted hydrogen  gas  through  the  mixture  imtil  the  brown  colour 
of  the  iodine  disappears ;  sulphur  is  deposited  in  abimdance,  and 
hydriodic  acid  is  formed.  The  liquid  gradually  becomes  clear  if 
left  at  rest;  it  may  then  be  decanted  from  the  precipitated 
sulphur :  the  decomposition  consists  simply  in  the  displacement  of 
the  sulphur  by  the  iodine ;  aH^S  +  2I3  becoming  4HI  +  Sj.  This 
liquid  may  be  concentrated  till  it  acquires  a  density  of  17,  when 
it  consists  of  (alHiiHgO;  Bineau).*  It  then  distils  imchanged 
at  262°  (ia8*^  C).  It  is  a  powerful  acid,  and  dissolves  iodine 
freely,  forming  a  brown  solution :  by  exposure  to  the  air,  espe- 
cially if  placed  in  a  strong  light,  it  absorbs  oxygen,  water  is 
formed,  and  the  liquid  becomes  brown  from  the  liberation  of 
iodine.  Chlorine  efiects  its  instant  decomposition,  whether  it  be 
in  the  gaseous  form  or  in  solution.  Bromine  and  nitric  acid  act 
similarly  and  with  almost  equal  rapidity ;  many  other  oxidizing 
agents  also  decompose  it.  Mercury  decomposes  it  gradually,  and 
combines  with  its  iodine.     A  solution  of  hydriodic  acid  dissolves 

*  Boscoe  has  Rbown  that,  both  in  this  case  and  in  the  analogous  one  of  the 
solution  of  hydrobromic  acid,  the  constancy  of  the  boiling-point,  as  well  as  the 
apparent  definite  character  of  the  hydrate,  is  accidental,  and  dependent  upon 
causes  similar  to  those  traced  in  hydrochloric  acid.  (Note,  p.  123.)  Hydrofluoric 
acid  evidently  furnishes  a  true  hydrate,  but  it  was  found  to  be  partially  decom- 
posed by  varying  the  temperature  of  evaporation. 
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many  of  tlie  metals,  such  as  zinc  and  iron,  with  evolution  of 
hydrogen  and  formation  of  a  metallic  iodide. 

The  composition  of  hydriodic  acid  may  be  ascertained  by 
heating  potassium  in  a  measured  volume  of  the  gas.  Potassic 
iodide  is  formed,  and  hydrogen  remains  equal  in  bulk  to  half 
the  acid  gas  employed ;  consequently  its  composition  may  be  thus 
represented : — 

By  weight.  BjtoL  Sp.gr. 

Iodine    I    =  127    or    99*21         1     or    0*5    =    4*378 

Hydrogeii     ...  H    =       i  079        i  0*5    =    0*034 

Hydriodic  add  HI  128  loo'oo       2  1*0  4*4 1^ 

(396)  Iodides. — ^The  iodides  of  the  metals  are  all  solid  at 
ordinary  temperatures ;  they  are  less  fusible  and  volatile  than  the 
corresponding  chlorides  and  bromides.  The  iodides  of  gold, 
silver,  platinum,  and  palladium  are  decomposed  by  heat  alone, 
whilst  the  metals  are  left  in  a  state  of  purity ;  but  most  of  the 
iodides  are  converted  into  oxides  when  heated  in  the  air, — ^the 
oxygen  displacing  the  iodine.  All  the  iodides,  whether  solid  or 
in  solution,  are  decomposed  by  chlorine  and  bromine,  as  well  as 
by  nitrous  acid  and  concentrated  nitric  acid,  with  liberation  of 
iodine.  Iodine  is  also  set  free  when  an  iodide  is  heated  with  oil 
ol  vitriol  and  peroxide  of  manganese,  and  violet  vapours  of  iodine 
are  obtained.  Water  dissolves  the  greater  number  of  the 
metallic  iodides  fircely;  some  of  them  are  insoluble,  and  exhibit 
colours  of  great  brilliancy.  The  iodides  of  some  of  the  metals 
which  form  acids  with  oxygen,  such  as  those  of  tin,  arsenic,  and 
antimony,  are  decomposed  by  water.  The  soluble  iodides  of  the 
metals  may  be  obtained  by  the  direct  action  of  hydriodic  acid 
upon  the  metallic  oxide,  or  by  the  action  of  iodine  and  water 
upon  the  metal  itself.  These  iodides,  when  in  solution,  are 
characteruEed  by  the  reaction  with  starch  already  mentioned  (394). 
With  a  solution  of  corrosive  sublimate  (HgClg)  they  give  a  beau- 
tiful salmon-coloured  precipitate,  which  almost  immediately 
changes  to  a  brilliant  scarlet :  this  is  mercuric  iodide :  it  is 
soluble  in  excess  both  of  potassic  iodide  and  of  corrosive  sub- 
limate. Mercurous  nitrate  gives  a  green  precipitate  in  solutions 
of  the  soluble  iodides.  With  plumbic  nitrate  they  yield  a  bright 
yellow  precipitate  of  plumbic  iodide,  which  is  slightly  soluble  in 
boiling  water,  especially  if  the  lead  salt  be  present  in  excess ;  on 
cooling,  the  plumbic  iodide  is  deposited  in  very  beautiful  silky 
acales.  With  argentic  nitrate  a  buff-coloured  argentic  iodide,  nearly 
insoluble  in  ammonia,  is  formed,  but  it  is  freely  soluble  in  sodic 
liyposulphite  and  in  potassic  cyanide.     If  a  mixture  of  ferrous 
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sulphate  and  cupric  sulpliate  be  added  to  a  solution  of  any  iodide^ 
a  white  cupreous  iodide  (Cul)  is  precipitated.  With  auric  chloride 
the  iodides  give  a  lemon-yellow  precipitate ;  and  with  salts  of 
palladiimi  a  brown  palladious  iodide  (Pdl^)  is  produced^  which  is 
sometimes  iiscd  for  ascertaining  the  quantity  of  iodine  present  in 
a  solution  in  which  it  occurs  mixed  with  chlorine^  since  palladious 
chloride  is  freely  soluble  in  water  (541). 

(397)  Oxides  of  Iodine. — Iodine  has  a  more  powerful  attrac- 
tion for  oxygen  than  either  chlorine  or  bromine^  and  forms  with 
it  two  compounds  which  by  their  action  upon  water  funush  well- 
defined  acids^  viz.,  the  iodic  (HIO3)  and  the  periodic  acid  (HIOJ 
besides  some  other  oxides  but  imperfectly  known. 

Iodic  Anhydride  (120^=334);  Comp.  in  100 parti;  1  76*04; 
O  23*96. — ^This  body  may  be  obtained  by  the  cautious  application 
of  heat  to  iodic  acid. 

Iodic  acid;  Uydric  iodate  (HI02=:i76). — ^This  acid  cor- 
responds in  composition  to  chloric  and  bromic  acids.  It  may  be 
prepared  in  several  ways.  i. — It  may  be  procured  by  long  boil- 
ing of  iodine  in  concentrated  nitric  acid.  2. — ^Equal  parts  of 
potaasic  chlorate  and  iodine  may  be  mixed  with  5  parts  of  water 
and  a  little  nitric  acid ;  chlorine  is  thus  evolved  in  abundance^ 
whilst  potassic  iodate  is  formed  and  dissolved  in  the  liquid :  the 
chloric  acid  which  is  set  free  in  the  first  instance  by  the  nitric 
acid  imparts  its  oxygen  to  the  iodine,  chlorine  gas  escaping,  while 
the  iodic  acid  liberates  a  fresh  portion  of  chloric  acid  from  the 
chlorate,  and  this  imdergoes  a  similar  decomposition  (MiUon). 
3. — liebig's  plan  of  preparing  iodic  acid  consists  in  suspending 
iodine  in  water,  and  transmitting  through  it  a  current  of  chlorine 
gas  till  the  iodine  is  dissolved ;  the  liquid  is  then  neutralized  by 
sodic  carbonate,  when  a  copious  efiervescence  ensues,  attended  by 
a  precipitate  of  iodine,  which  may  be  again  treated  similarly  by 
chlorine.  In  this  case  the  chlorine  combines  directly  with  the 
iodine  and  forms  trichloride  of  iodine,  which  is  dissolved  by  water 
unaltered :  it  is  decomposed  on  the  addition  of  the  alkaline  car? 
bonate  in  the  following  manner  :— 

Trichloride  Sodio  Sodio  Sodio  lodiiiA.         CsrbonSo 

of  iodine.  oarbooftte.  chloride.  iodete.  Aoau>«>       Mihydride. 


#* 


5ias    -f   9Na2COj  =s  i5Naa  +  3NaI0g   +  I^  -f   900,- 

The  neutralized  liquid  contains  sodic  iodate  and  chloride.  Saric 
chloride  is  next  added ;  an  abundant  precipitate  of  baric  iodate^ 
which  is  but  sparingly  soluble,  is  formed ;  this  is  washed  from 
adhering  salts^  and  is  decomposed  by  a  quantity  of  sulphuric  acid 
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just  sufficient  to  combine  with  the  barium :  iodic  add  is  dis* 
solved  by  the  water^  whilst  the  insoluble  baric  sulphate  is 
separated. 

Iodic  acid  may  be  obtained  by  spontaneous  evaporation  of  its 
aqueous  solution  in  crystals  composed  of  3HIO3:  at  a  tem- 
perature of  266®  (130°  C.)  it  loses  two-thirds  of  its  water,  and 
becomes  (HIO^OJ  or  by  raising  the  heat  to  360°  (182°  C.)  it  is 
converted  into  the  anhydride,  and  at  about  700^  (371°  C.)  it  ia 
decompoeed  into  iodine  and  oxygen.  Its  solution  is  destitute  of 
odour,  and  has  a  sour,  astringent  taste:  many  organic  bodies 
decompose  it,  and  owing  to  this  circumstance  litmus-paper  is  first 
reddened  and  afterwards  bleached  by  it. 

lodates. — Iodic  acid  oflFers  some  anomalies  in  its  combination 

with  bases.  Some  iodates  contain  i  atom,  some  2,  and  some  3  atoms 

of  anhydride  to  i  atom  of  base :  for  example,  there  are  three  iodates 

of  sodium ;  they  may  be  represented  by  the  following  formulae  :•— 

(NalOyHjO,  sometimes  with  jH^O),  the  normal  iodate ;  (2NaI03, 

IjOg),  or  Na^I^O^i,  *^®  diniodate ;   (NaIOj,IjO^,  or  NaljOg,  the 

triiodate,  the  last  two  being  anhydro-salts.    All  the  iodates  are 

decomposed  by  heat,  and  give  off  oxygen :    if  the  metal  have  a 

stitMiger    attraction  for  iodine  than  for  oxygen,  an  iodide  of  the 

metal  ia  formed;   for  instance,  potassic  iodate,  2KIO3  becomes 

2KI  -f-  30j :  but  if  the  attraction  of  the  metal  be  greater  for  oxygen 

than  for  iodine,  the  oxide  is  left  behind :  baric  iodate,  for  example, 

is  converted  into  baryta,  oxygen  gas,  and  free  iodine,  the  latter 

escaping    with    oxygen   in    violet   vapours;    2{Bb,210^  yielding 

aBaO+502  +  219.      The   iodates  of  the  metals  of  the    alkaline 

earths,  if  not  heated  too  strongly,  leave  a  basic  periodate,  the 

barium  salt  consisting  of  (Ba2lO^,4BaO).     The  aqueous  solutions 

of  the  iodates  are  decomposed  by  sulphurous  acid ;  for  example, 

KIO,-h3HjS03  =  KI+3H,S04;  an  iodide  of  the  metal  is  formed, 

and  then  the  iodine  may  be  discovered  by  the  starch  test  in  the 

usual  way.     With  the  exception  of  the  iodates  of  the  alkali- 

metals  the  iodates  are  but  sparingly  soluble.     The  calcium   salt 

retains  6H,0 ;  those  of  strontium,  and  barium  (Ba2l03,HgO)  if 

precipitated  from  hot  solutions,   retain  H^O ;    whilst  the  iodates 

of  lead  and  silver   are  anhydrous :  argentic  iodate  is  insoluble  in 

diluted  nitric  acid.     Iodic  acid  forms  crystallizable  compounds 

with  the  sulphuric  and  many  other  acids. 

(398)  Pebiodic  Acid;  Hydric periodate s  (HI0^=  192). — ^Thia  acid  oor- 
responds  in  composition  to  the  perchloric :  the  anhydride  is  at  present  unknown. 
The  add  is  obtained  by  transmitting  a  current  of  chlorine  gas  through  a  solu- 
tion of  sodie  iodate,  to  which  caustic  soda  has  been  added  in  the  proportion  of  3 
atom  of  free  alkali  to  i  atom  of  aodio  iodate ;  an  unusual  deoompoaition  takes 
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place,  giving  rise  to  a  sparingly  soluble  basic  so^o  periodate.     The  reaction 
which  occors  may  be  represented  by  the  following  symbols : — 

iodato.  hydntA.  Cl»tonne.  sSSmn.  chloride.  *^***- 


2NaI0,    +   6NaH0     +     2CI,    =    NaaO.aNalO^    -f     4NaCl    +    3H,0. 

The  hydrated  basic  sodio  periodate,  which  when  crystallized  contains 
(Na^O,2NaIO^,3H,0)  is  dissolved  in  dilated  nitric  acid,  and  precipitated  by  the 
addition  of  argentic  nitrate ;  the  argentic  periodate  is  then  dissolved  in  boiling 
nitric  acid ;  a  normal  argentic  periodate  (AglOJ  crystallizes  as  the  liquid  cools, 
and  this  salt  when  treated  with  water  is  decomposed  into  a  basic  argentic  perio* 
date,  which  is  insoluble,  and  periodic  acid,  which  is  dissolved.  By  evaporation 
of  the  solution,  the  periodic  acid  may  be  obtained  in  deliquescent  oblique  rhombic 
prisms  (HI0^,2H,0),  which  are  somewhat  soluble  in  alcohol  and  in  ether.  The 
periodates  are  most  of  them  sparingly  soluble  in  water,  but  are  dissolved  freely 
by  diluted  nitric  acid.  The  normal  sodic  salt  (NalOJ  causes,  with  solutions  of 
normal  baric  salts,  a  precipitate  of  a  basic  periodate  2(Ba2lOJ,3BaO,5H,0. 
Analogous  precipitates  are  formed  with  salts  of  calcium,  of  lead,  or  of  silver, 
whilst  the  liquid  becomes  acid.  The  hydrated  argentic  basic  periodate  is  pale 
yellow  (2AgIO^,Ag,0,3H,0)  if  precipitated  from  cold,  but  red  (2AgI0^,Ag^0, 
H,0)  if  from  hot  solutions. 

(399)  Chlorides  of  Iodine. — ^Two  compounds  of  iodine  with 
chlorine,  a  protochloride  (ICl)  and  a  trichloride  (ICI3)  may  be 
obtained. 

The  protochloride f  or  iodous  chloride  (ICl),  is  a  very  irritating, 
volatile,  yellowish-brown  liquid,  which  is  obtained  by  distilling 
I  part  of  iodine  with  4  parts  of  potassic  chlorate ;  the  distilled 
iodous  chloride  is  soluble,  apparently  without  change,  in  alcohol, 
and  in  ether.  This  chloride  when  hot  dissolves  iodine  readily, 
and  deposits  it  in  beautiftd  crystals. 

Trichloride  of  iodine,  or  iodous  trichloride  (ICI3),  is  procured 
by  acting  upon  iodine  with  excess  of  dry  chlorine  gas.  It  forms 
magnificent  ruby  red  crystals,  which  undergo  spontaneous  subli- 
mation in  closed  bottles :  the  vapour  is  extremely  irritating  to  the 
eyes.  K  exposed  to  the  air  it  attracts  moisture,  and  is  dissolved 
by  water  without  experiencing  decomposition.  Alkaline  solutions 
decompose  it,  and  iodine  is  precipitated  as  in  Liebig's  method  of 
preparing  iodic  acid  (397). 

Bromides  of  iodine. — Iodine  also  combines  with  bromine,  and 
forms  compounds  with  it  which  are  possessed  of  properties  similar 
to  those  of  the  chlorides  of  iodine. 

(400)  Iodide  op  Nitrogen. — By  digesting  iodine  for  half  an 
hour  in  a  cold  solution  of  ammonia,  a  black  powder  is  obtained. 
The  brown  supernatant  liquid,  which  contains  an  excess  of  iodine 
held  in  solution  by  ammonic  iodide,  is  decanted,  and  the 
insoluble  powder  is  placed  upon  filtering-paper  in  quantities  of 
a  grain  or  less^  and  allowed  to  dry  spontaneously.     Two  com- 
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pounds  (NI,  and  NHI^)  appear  to  be  formed  together  under 
these  circumstances  j  both  these  compounds^  when  dry^  explode 
upon  the  slightest  touchy  and  indeed  often  detonate  without  any 
assignable  cause :  the  explosion  is  remarkably  sharp  and  sudden^ 
fumes  of  iodine  are  produced^  and  a  faint  light  is  emitted. 

Stahlschmidt  finds  that  in  order  to  obtain  the  compound 
NHIf  in  a  state  of  purity^  a  cold  saturated  solution  of  iodine  in 
absolute  alcohol  should  be  mixed  with  twice  or  thrice  its  bidk  of 
a  saturated  solution  of  ammonia  in  absolute  alcohol ;  the  precipi- 
tate thus  formed  must  be  washed  with  absolute  alcohol.  If  the 
alcoholic  solution  of  iodine  be  precipitated  with  concentrated 
aqueous  solution  of  ammonia^  and  the  precipitate  washed  with 
water^  the  black  powder  consists  of  a  body  which  may  be  repre- 
sented by  the  formula  NI^  or  ammonia  in  which  the  3  atoms  of 
hydrogen  have  been  displaced  by  3  of  iodine. 

Iodide  of  nitrogen  becomes  slowly  decomposed  in  water ;  am- 
monia retards,  but  potash  and  the  acids  accelerate  the  decomposi- 
tion ;  chlorine,  bromine,  and  strong  nitric  acid  destroy  it  rapidly ; 
sulphuretted  hydrogen  also  effects  its  decomposition  quietly  but 
completely.  The  results  of  the  reaction  last  mentioned  afford  a 
means  of  ascertaining  the  relative  quantities  of  nitrogen  and  iodine 
contained  in  the  body  under  examination :  i  atom  of  the  black 
powder  (NHI,),  when  treated  with  2  atoms  of  sulphuretted 
hydn^n,  furnishes  i  atom  of  ammonic  iodide,  i  of  hydriodic 
acid,  and  2  %toms  of  sulphur ; — 

NHI2 -f  aH^S = H^NI -f  HI  +  Sg. 

(401)  Natural  Relations  of  the  Halogens, — It  is  impossible  not 
to  be  struck  with  the  close  analogy  presented  by  the  three  ele- 
mentary bodies,  chlorine,  bromine,  and  iodine,  both  in  their  im- 
combined  state  and  in  their  compoimds  :  they  indeed  form  one  of 
the  best  defined  natural  groups  of  simple  substances.  All  these 
elements  have  the  characteristic  peculiarity  of  combining  with 
hydrogen  in  the  proportion  of  i  volume  of  the  gas  or  vapour  with 
I  volume  of  hydrogen ;  the  union  occurring  without  change  of 
bulk,  and  the  compound  formed  being  powerftdly  acid  and  ex- 
tremely soluble  in  water.  Chlorine,  bromine,  and  iodine  are  also 
capable  of  displacing  hydrogen  from  many  of  its  organic  com- 
pounds, producing  substances  which  correspond  in  composition 
with  the  original  body,  but  in  which  a  certain  number  of  atoms 
of  the  halogen  have  taken  the  place  of  a  corresponding  number 
of  atoms  of  hydrogen. 

The   specific  gravity,  fusing-point,  and  boiling-point  of  these 
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elements  rise  as  the  atomic  weight  increases^  as  is  shown  in  the 
table  which  follows  : — 


Elementa. 

Sp.  gnirity. 

Melting  point. 

Boiling  point 

Atomic 
weight 

Diff.  be- 
tween et. 
weights. 

GaMOQi. 

Uqaid  or 
•olid. 

*»C. 

"F. 

•0. 

^ 

^'F. 

Fluorine    1*313  P 
Chlorine    2*47 
Bromine,  5*54 
Iodine       8*716 

• 

133 

3-187 

4-947 

—"•5 
107 

P 
P 

9-i> 
225*0 

«3 
17s 

P 
P 

145-4 
347-0 

19 

355 

800 

127*0 

1 6*5 

44*5 

470 

The  intensity  of  their  chemical  activity  decreases  as  the  com- 
bining number  increases.  At  ordinary  temperatures,  chlorine  is 
gaseous,  bromine  liquid,  iodine  solid;  the  properties  of  bromine 
being  indeed  intermediate  between  those  of  chlorine  and  iodine. 
When  in  the  liquid  form,  the  three  elements  have  the  same 
atomic  volume ;  and  when  united  with  the  same  metal  the  salts 
which  they  furnish  are  isomorphous;  potassic  chloride,  bro- 
mide, and  iodide,  for  example,  all  crystallize  in  cubes.  Each 
of  these  elements  also  forms  a  powerful  monobasic  acid  with  3 
and  with  4  atoms  of  oxygen.*  The  attraction  of  these  three 
halogens  for  oxygen  is,  however,  in  the  inverse  order  of  that  of 
the  same  halogens  for  hydrogen  and  the  metals.  Neither  iodic 
anhydride,  nor  the  acid  in  solution,  is  decomposed  by  free  chlorine 
or  bromine :  bromic  acid  and  the  bromates  are  also  imaffected  by 


Hydrochloric  acid. 

'^    Hci    ' 

HjpochlorooB  acid. 

HC10~^ 

Chlorona  acid. 


HCIO^ 

Chloric  acid. 


HCIO3 

Perchloric  acid. 

Hcioi" 


Hydrobromic  acid. 

. ' s 

HBr 

Hypobromoaa  acid. 

HB^ 


Bromic  acid. 


HBrO, 

Ferbromic  acid. 

y » N 

HBiO^ 


Hydriodic  acid. 

HI 


Iodic  acid. 
, * . 

HIO, 
Periodic  add. 


HIO, 


firee  chlorine ;  but  iodic  acid  is  easily  obtained  by  the  decomposi- 
tion of  chloric  or  bromic  acid  by  free  iodine,  and  perbromic  acid 
by  acting  upon  perchloric  acid  with  bromine,  though  chloric  acid  is 


*  Nitrogen  is  remotely  connected  with  this  ^oup  by  the  similarity  of  the 
nitrates  with  the  chlorates,  and  of  the  nitrites  with  the  chlorites ;  it  forms  an 
intermediate  link  in  the  natural  grouping  of  the  elements  between  the  halogens 
and  the  elements  belonging  to  the  phosphorus  family ;  its  compound  with  hydro- 
gen (viz.,  ammonia)  presenting  some  analogies  with  phosphuretted  h^'drogen, 
which  will  be  more  fully  shown  hereafter. 
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only  in  small  proportion  converted  into  bromic  acid  by  the  action 
of  bromine  upon  it.  The  preceding  table  exhibits  some  of  the 
corresponding  compounds  with  hydrogen  and  oxygen  which  are 
formed  by  the  halogens. 

At  the  time  that  iodine  was  discovered,  chlorine  was  by  most 
diemists  regarded  as  a  compoimd  of  muriatic   acid  and  oxygen^ 
tod  was  consequently  known  as  oxymuriatic  add.     Indeed,  many 
of  the  reactions  which  it  presented  admitted  of  a  simple  explana- 
tion on  this  hypothesis,  and  this  circumstance  prevented  chemists 
from    adopting  generally  the  views  which  had  a  short  time  pre- 
ricmsly  been  put  forward  by  Davy,  maintaining  the  elementary 
nature  of  chlorine.     The  discovery   of  iodine,  however,  decided 
them,  and  assisted  materially  in  fixing  the   opinion  now  enter- 
tained respecting  the  compounds  of  fluorine,  the  fourth  member 
of  the   group,  and  of  which  our  knowledge  is  in  a  much  less 
satisfactory  condition. 

§  IV.  Fluorine  :  F=i9. 

Theoretical  Density,  1*313;  Comh.  VoL\^;  Rel,  wt,  19; 

Monad,  as  in  HF. 

(402)  Many  imsuccessful  attempts  have  been  made  at  various 
times  to  isolate  fluorine.  Its  chemical  activity  is  so  powerful,  and 
its  action  on  the  human  frame  is  so  irritating  and  deleterious,  that 
little  that  is  satisfactory  is  known  concerning  it  in  its  free  state. 
No  doubt,  however,  is  entertained  of  its  general  nature,  since  its 
compounds  are  closely  analogous  to  the  corresponding  ones  of  the 
three  elements  which  have  just  been  described.  According  to 
Kammerer  [Chemisches  Centralblait,  Aug.  1862,  p.  533),  free 
fluorine  may  be  obtained  in  the  following  manner  as  a  colourless 
gas  which  has  no  action  on  perfectly  dry  glass.  Into  a  perfectly 
dry  glass  tube  iodine  is  introduced,  together  with  a  thin  closed 
glass  cylinder  containing  well-dried  argentic  fluoride  in  excess 
over  the  iodine.  The  air  must  be  completely  expelled  from  the 
tube  by  converting  a  portion  of  the  iodine  into  vapour ;  the  tube 
is  then  to  be  hermetically  sealed,  and  the  little  cylinder  of  argentic 
fluoride  broken ;  after  which  the  tube  must  be  exposed  for  24 
hours  to  a  temperature  of  from  160°  to  180°  (71°  to  82°  C).  At 
the  end  of  this  time,  in  an  experiment  made  in  this  manner,  the 
iodine  had  entirely  disappeared,  and  a  colourless  gas,  permanent 
over  mercury,  and  rapidly  absorbed  by  a  solution  of  potash,  was 
obtained. 

Fluor-spar,  or  calcic  fluoride  (CaFg),  is,  with  the  exception  of 
cryolite  (3NaF,AlF3),  the  only  compoimd  of  fluorine  which  exists 
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The  concentrated  acid  obtained  by  the  foregoing  method  was 
long  believed  to  be  anhydrous ;  but  the  researches  of  Louyet 
(Comptes  Rendus,  xxiv.  434)  have  proved  that  it  contains  water. 
He  distilled  it  with  an  excess  of  phosphoric  anhydride  :  the  water 
was  thereby  removed,  and  a  colourless  gas  of  an  extremely  irritat- 
ing nature  was  set  free :  it  produced  dense  fames  on  escaping  into 
the  air,  had  but  little  action  on  perfectly  dry  glass,  and  was 
rapidly  condensed  by  water.  Fremy  [Ann.  de  Chimie,  III.  xlvii.  7) 
prefers  to  subject  the  double  fluoride  of  potassium  and  hydrogen 
(KF,HF)  to  distillation ;  the  salt  is  first  rendered  anhydrous  by 
careful  desiccation,  and  by  afterwards  applying  a  strong  heat,  the 
equivalent  of  hydrofluoric  acid  is  expelled :  by  the  application  of 
a  freezing  mixture  of  ice  and  salt,  the  anhydrous  acid  is  said  to  be 
obtained  in  the  form  of  a  colourless,  mobile,  very  volatile  liquid. 
Fremy  also  obtained  the  anhydrous  acid  by  decomposing  plumbic 
fluoride  by  dry  hydrogen. 

Properties. — The  acid  obtained  by  distilling  fluor-spar  with  oil 
of  ^dtriol  is  a  densely  fuming,  volatile,  colourless  liquid,  which 
boils  at  about  60°,  and  remains  imfrozen  at  —4°  (  —  20°  C).  The 
preparation  of  this  acid  must  be  conducted  with  the  greatest  care, 
and  special  provision  must  be  made  for  carrying  off  the  fumes  from 
the  operator.  The  liquid  acid  is  highly  dangerous,  from  its  caustic 
action  upon  the  skin ;  the  smallest  drop  occasioning  a  deep  and 
painful  bum.  Indeed,  it  ought  never  to  be  preserved  in  the  con- 
centrated form.  When  poured  into  water  it  combines  with  it  with 
great  avidity,  and  with  the  evolution  of  so  high  a  temperature  as 
to  produce  a  hissing  noise,  resembling  that  caused  by  quenching 
a  red-hot  iron.  In  its  concentrated  form  it  has  a  specific  gravity 
of  I  060,  but  by  the  addition  of  water  the  density  may  be  in- 
creased to  I*  150,  beyond  which  point  further  dilution  is  attended 
with  a  regular  decrease  in  density.  The  acid  of  sp.  gr.  1*150 
(HF,2H20),  boils  at  248°  (120°  C),  and  may  be  distilled  un- 
changed.  (See  note  p.  152.)  Diluted  hydrofluoric  acid  gradually 
dissolves  the  metals,  excepting  platinum  and  some  of  the  metals 
associated  with  it,  and  gold,  silver,  lead,  and  mercury ;  the  metal 
whilst  \mdergoing  solution  displaces  hydrogen.  Potassium,  if 
thrown  into  the  strong  acid,  decomposes  it  with  explosion. 

Tests. —  Hydrofluoric  acid  is  easily  recognized  by  its  corrosive 
action  upon  glass.  In  order  to  detect  a  fluoride  in  a  compound 
which  is  suspected  to  contain  it,  the  material  is  reduced  to  a  fine 
powder  and  mixed  in  a  platinum  capsule  with  strong  sulphiuric 
add ;  a  slip  of  glass  is  warmed  and  rubbed  over  with  bees'-wax 
•o  as  to  coat  it  uniformly ;  a  few  characters  are  next  traced  with 
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natave  in  abundance  j  and  from  it  all  the  preparationa  of  fluorine 
are  obtained.  Small  quantities  of  calcic  fluoride  are  contained  in 
a  variety  of  minerals,  particularly  in  tbe  phospbates  of  calcium 
and  certain  kinds  of  mica.  It  exists  too  in  minute  quantity  in 
tbe  bones  of  animalsj  and  especially  in  the  teeth. 

(403]  HYDaoFLtJORic  AciD:  Hydric  fivoridc  (HF=3o);  Rel, 
wt.  10;  Theoretic  Sp.  Gr.  of  anhydrous  Vapour,  0-689  J  -^io^c 
Vol.  I  \  |. — Fluorine  is  not  known  to  form  any  oxidcj  but  iritb 
hydrogen  it  constitutes  a  very  remarkable  acid. 

Preparation. — In  order  to  procure  hydrofluoric  acid  in  solutioa 
in  a  concentrated  form,  i  part  of  finely  powdered  fluor-spar,  firee 
from  silica  and  the  metallic  sulphides,  is  mixed  with  a  or  3  parta 
of  oil  of  vitriol ;  at  ordinary  temperatures  no  evolution  of  vapour 
occurs  if  the  fluor-spar  be  pure,  but  a  tramparent  gelatinous  mass 
is  formed.  On  the  application  of  a  gentle  heat  dense  acid  fiunes 
of  an  extremely  deleterious  nature  arise,  and  a  reaction  takes 
place  similar  to  that  which  occurs  in  the  preparation  of  hydro- 
chloric acid ;  for  instance, 

CaF,+H,S0^=aHF  +  CaS04. 

Owing  to  the  powerfully  corrosive  action  exerted  by  hydro- 
fluoric acid  upon  glass,  which  it  deprives  of  its  silicon,  it  is  neces- 
sary always  to  prepare  it  in  metallic  vessels.     For  ordiuary  pur- 
poses, the  distillation  may  be  conducted  iu  a  leaden  retort.     For 
the  convenience  of  re- 
Fia.  310-  moving     the     chni^ 

after  the  operation  is 
over,  it  is  fotmd  ad- 
vantageous to  make 
the  retort  in  two 
pieces,  a  head  and  a 
body;  the  head,  c, 
^g'  3'°)  ^^  accu- 
rately by  an  over- 
lapping grooved  joint 
into  the  body,  4.  The 
heat  may  be  conveni- 
ently applied  in  an  equable  manner  by  placing  the  body  of  the 
retort  in  a  shallow  iron  tray,  a,  filled  with  sand :  d  is  the  re- 
ceiver for  the  acid :  it  consists  of  a  leaden  pipe  fitted  by  grinding 
to  the  neck  of  the  retort,  and  is  cooled  by  immersion  iu  a  mixture 
of  ice  and  salt.  When  a  perfectly  pure  acid  is  required,  the  still 
and  receiver  must  consist  of  platinum. 
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The  concentrated  acid  obtained  by  the  foregoing  method  was 
long  belicYed  to  be  anhydrous ;  but  the  researches  of  Louyet 
{Comptes  Renduij  xxiv.  434)  have  proved  that  it  contains  water. 
He  distilled  it  with  an  excess  of  phosphoric  anhydride  :  the  water 
was  thereby  removed^  and  a  colourless  gas  of  an  extremely  irritat- 
ing nature  was  set  free :  it  produced  dense  fumes  on  escaping  into 
the  air,  had  but  little  action  on  perfectly  dry  glass^  and  was 
rapidly  condensed  by  water.  Fremy  {Ann.  de  Chimie,  III.  xlvii.  7) 
prefers  to  subject  the  double  fluoride  of  potassium  and  hydrogen 
(KF^HF)  to  distillation ;  the  salt  is  first  rendered  anhydrous  by 
careful  desiccation,  and  by  afterwards  applying  a  strong  heat,  the 
equivalent  of  hydrofluoric  acid  is  expelled :  by  the  application  of 
a  fireexing  mixture  of  ice  and  salt,  the  anhydrous  acid  is  said  to  be 
obtained  in  the  form  of  a  colourless,  mobile,  very  volatile  liquid. 
Fremy  also  obtained  the  anhydrous  acid  by  decomposing  plumbic 
fluoride  by  dry  hydrogen. 

Properties. — ^The  acid  obtained  by  distilling  fluor-spar  with  oil 
of  vitriol  is  a  densely  fuming,  volatile,  colourless  liquid,  which 
boili  at  about  60°,  and  remains  unfrozen  at  —  4°  ( —  20°  C).  The 
preparation  of  this  acid  must  be  conducted  with  the  greatest  care, 
and  special  provision  must  be  made  for  carrying  off  the  fumes  from 
the  operator.  The  liquid  acid  is  highly  dangerous,  from  its  caustic 
action  upon  the  skin ;  the  smallest  drop  occasioning  a  deep  and 
painful  bum.  Indeed,  it  ought  never  to  be  preserved  in  the  con- 
centrated form.  When  poured  into  water  it  combines  with  it  with 
great  avidity,  and  with  the  evolution  of  so  high  a  temperature  as 
to  produce  a  hissing  noise,  resembling  that  caused  by  quenching 
a  red-hot  iron.  In  its  concentrated  form  it  has  a  specific  gravity 
of  I '060,  but  by  the  addition  of  water  the  density  may  be  in- 
creased to  1*150,  beyond  which  point  further  dilution  is  attended 
with  a  regular  decrease  in  density.  The  acid  of  sp.  gr.  1*150 
(HF,2H20),  boils  at  248°  (120°  C),  and  may  be  distilled  un- 
changed. (See  note  p.  152.)  Diluted  hydrofluoric  acid  gradually 
dissolves  the  metals,  excepting  platinimi  and  some  of  the  metals 
associated  with  it,  and  gold,  silver,  lead,  and  mercury ;  the  metal 
whilst  imdergoing  solution  displaces  hydrogen.  Potassiimi,  if 
thrown  into  the  strong  acid,  decomposes  it  with  explosion. 

TeH9. — Hydrofluoric  acid  is  easily  recognized  by  its  corrosive 
action  upon  glass.  In  order  to  detect  a  fluoride  in  a  compound 
which  is  suspected  to  contain  it,  the  material  is  reduced  to  a  fine 
powder  and  mixed  in  a  platinum  capsule  with  strong  sulphuric 
acid ;  a  slip  of  glass  is  warmed  and  rubbed  over  with  bees^-wax 
so  as  to  coat  it  uniformly ;  a  few  characters  are  next  traced  with 
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a  point  through  the  wax^  so  as  to  expose  a  portion  of  the  glass : 
this  etching  is  then  inverted  over  the  platinum  capsule^  which  is 
gently  warmed  for  a  few  minutes^  the  glass  being  cooled  with  a 
piece  of  moistened  filtering  paper^  in  order  to  prevent  the  wax 
from  becoming  melted.  K  fluorine  be  contained  in  the  mixture^ 
the  glass^  on  cleaning  off  the  wax  with  a  little  oil  of  turpentine^ 
will  be  found  to  be  corroded  in  the  parts  exposed  :  if  the  traces 
be  very  faint^  they  may  be  rendered  visible  by  breathing  upon  the 
surface  of  the  plate. 

A  weak  solution  of  hydrofluoric  acid  is  often  employed  advan- 
tageously for  etching  on  glass :  in  this  way^  for  instance^  the 
graduations  on  the  glass  stem  of  a  thermometer  may  be  made 
with  great  precision  and  facility ;  the  glass  tube  is  first  coated 
with  engravers^  etching  varmsh^  the  divisions  are  traced  through 
the  varnish  with  a  fine  pointy  and  the  tube  is  plimged  into  a  long 
leaden  tube  filled  with  the  diluted  acid ;  in  the  course  of  a  few 
minutes  the  scale  is  permanently  engraved :  when  the  engraving 
is  effected  by  the  vapour  of  the  acid^  the  traces  are  white  and 
opaque^  but  if  the  liquid  acid  be  used  the  lines  are  transparent. 

Fluorides. — The  compoimds  of  the  metals  with  fluorine  for  the 
most  part  fuse  easily  on  the  application  of  heat^  and  hence  the 
origin  of  the  terms  jllttor-spar  and  fluorine  (from  fluo,  to  flow). 
When  ignited  in  a  current  of  steam  many  of  them  are  converted 
into  the  corresponding  oxide,  whilst  hydrofluoric  acid  is  formed. 
A  large  number  of  the  fluorides  are  insoluble,  or  only  sparingly 
soluble,  in  water.  They  are  all  decomposed  when  heated  with  oil 
of  vitriol,  and  evolve  hydrofluoric  acid ;  but  they  are  not  so  readily 
attacked  by  nitric  acid.  If  heated  with  chlorine,  many  of  the 
fluorides  are  decomposed,  whilst  chlorides  of  the  metal  are  pro- 
duced. The  solutions  of  the  soluble  fluorides  corrode  the  glass 
vessels  in  which  they  are  contained  :  they  give  no  precipitate  with 
argentic  nitrate,  since  argentic  fluoride  is  soluble ;  but  with  salts 
of  lead,  barium,  magnesium,  and  calcium,  insoluble  precipitates, 
consisting  of  the  fluorides  of  these  metals,  are  produced.  Calcic 
fluoride  is  so  transparent  as  to  be  perceived  with  difficulty ;  but 
on  heating  the  liqiiid,  or  on  the  addition  of  ammonia,  it  is  ren- 
dered more  opaque. 

Many  metallic  fluorides  combine  with  an  additional  atom  of 
hydrofluoric  acid,  and  form  compounds  which  may  often  be  ob- 
tained in  crystals  that  are  soluble  in  water.  The  double  fluoride 
of  potassium  and  hydrogen  (KF,HF)  has  been  already  mentioned 
as  a  convenient  source  of  concentrated  hydrofluoric  acid.  Double 
fluorides  of  the  alkaU-metals  with  the  fluorides  of  the  electro- 
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n^ative  metals  which  form  acids  with  oxygen  may  likewise  be  ob« 
tained  with  facility.  Many  insoluble  metallic  anhydrides^  such  as 
the  tantalic^  titanic^  molybdic^  and  timgstic  anhydrides^  are  thus 
dissolved  by  hydrofluoric  acid^  fluorides  of  the  metals  being  formed^ 
whilst  the  oxygen  of  these  compoimds  produces  water  with  the 
hydrogen  of  the  hydrofluoric  acid  :  the  metallic  fluorides  so  formed 
are  dissolved  by  the  excess  of  hydrofluoric  acid^  and  give  rise  to 
new  compound  acids.  Titanic  anhydride^  for  instance^  is  thus 
converted  into  fluotitanic  acid;  TiO^ 4- 6HF becoming  (aHF^TiFJ 
+  2HjO.     Silica  yields  a  similar  compoimd  (aHF^SiFJ. 

Hydrofluoric  acid,  when  mixed  with  nitric  acid,  readily  dis- 
solves silicon  which  has  not  been  strongly  ignited ;  but  it  is 
remarkable  that  the  mixture  does  not  dissolve  either  gold  or 
platinum* 

Numerous  other  compounds  of  fluorine  have  been  prepared, 
but  they  are  not  of  sufficient  practical  importance  to  require 
notice  here :  the  compounds  which  it  forms  with  silicon  and  with 
boron  will  be  described  hereafter  (478,  483). 

(404)  DetemUnation  of  the  Combining  Proportion  qf  Fluorine. — ^Although 
the  ckemkt  has  hitherto  been  unable  to  isolate  fluorine  in  a  state  of  parity,  yet 
its  eombtning  proportion  has  been  determined  with  precision ;  and  the  mode  of 
proceeding  offers  an  instmctiYe  illustration  of  the  resources  of  chemical  analysis 
in  such  a  case. 

The  method  of  operating  is  as  follows : — Pure  fluor-spar  is  reduced  to  an 
impalpable  powder,  and  dried ;  10  g^rms.  of  this  powder  are  accurately  weighed 
into  a  ooimterpoised  platinum  crucible,  and  concentrated  sulphuric  acid,  also  per- 
fectly pare,  is  added  in  quantity  sufficient  to  reduce  the  whole  to  the  consistence 
of  cream :  after  standing  for  some  hours,  the  excess  of  acid  is  expelled  by  the 
heat  of  a  lamp :  the  temperature  is  raised  very  cautiously,  and  the  crucible  and 
its  contents  are  finally  heated  to  bright  redness.  In  this  operation  the  whole  of 
the  flaorine  unites  with  the  hydrogen  and  is  expelled  in  the  form  of  hydro- 
fluorio  add,  whilst  the  calcium  combines  with  sulphion,  and  forms  calcic  sul- 
phate, which  remains  behind.  On  weighing  the  crucible  after  the  experi- 
ment is  completed,  the  calcic  sulphate  wUl  be  found  to  amount  to   17*436 


Now  it  is  known  that  68  parts  of  calcic  sulphate  contain  20  of  calcium 
and  48  of  sulphion,  20  being  the  quantity  of  calcium  equivalent  to  one  atom 
of  hydrogen,  (H  =  j)  though  since  it  is  a  dyad  its  atomic  weight  is  40  (13) : — 

but  68:  20:  :  17*436  :  ar(  =  5*125); 

I* -436  grms.  of  calcic  sulphate  must  consequently  contain  5*125  of  calcium  ; 
100  parts,  therefore,  of  fluor-spar,  if  it  consist  only  of  fluorine  and  calcium,  must 
be  composed  of  51*25  of  calcium  and  48*75  of  fluorine.  The  combining  propor- 
tion of  fluorine  is  then  found  directly  by  the  following  calculation : — 

Qty.  of  oftleinm      EmiiT.  of        Qty.  of  flaorine     Eqatr.  of 
inioopArti.         cMciam.  in  loo  parts.        flaorine. 

51*25       :       20      :  :       48*75       :       19. 

The  quantity  of  fluorine  equivalent  to  i  atom  of  hydrogen  is  thus  ascertained  to 
be  19. 

M  2 
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CHAPTER  VII. 


SULPHUR — SELENIUM TELLURIUM. 

(405)  Natural  Relations  of  the  Sulphur  Group. — Between 
sulphur^  selenium^  and  tellurium^  a  marked  analogy  in  chemical 
character  is  observable.  They  are  all  characterized  by  a  powerful 
attraction  for  oxygen.  The  properties  of  selenium  are  inter- 
mediate between  those  of  sulphur  and  tellurium^  which  latter 
presents  so  much  the  external  characters  and  appearance  of  a 
metal^  that  it  is  usually  described  with  the  metals.  The  specific 
gravity  and  fusing-point  of  these  elements  increase  as  the  atomic 
weight  increases^  as  will  be  seen  by  comparing  the  numbers  in 
the  different  cases : — 


Elements. 

Speoifio 
gravity. 

Meltini 

^c. 

;  point. 

Boiling 

point, 
op. 

Atwt. 

niflnBrenott 
between 
at.  wta. 

Sulphur 

Selenium 

Tellurium 

aog 

4788 
665 

"5 
217 

483 

239 

423 
900 

446 

836 

32 

79*5 
129 

475 
495 

Amongst  the  compoimds  of  each  of  these  bodies  with  oxygen 
are  two  anhydrides ;  one  with  a  atoms  of  oxygen  corresponding 
with  sulphurous  anhydride  SO,,  and  another  with  3  atoms  of 
oxygen  corresponding  with  sulphuric  anhydride  SO3.  One  volume 
of  the  vapour  of  each  of  these  three  elements  imites  with  2 
volumes  of  hydrogen  to  form  2  volumes  of  a  sparingly  soluble 
gaseous  compound  possessed  of  a  disgusting  odour  and  feebly  acid 
character.  Oxygen  also  presents  a  certain  analogy  with  the 
members  of  this  group,  i  volume  of  oxygen  uniting  with  2 
volumes  of  hydrogen  to  form  2  volumes  of  steam;  and  the 
oxides  and  sulphides,  generally,  exhibit  many  points  of  resem- 
blance. In  general  the  members  of  this  group  exhibit  dyad 
functions,  though  in  some  cases  they  act  as  tetrads,  sulphur  form- 
ing a  compound  with  four  atoms  of  ethyl,  8(03115)^  and  selenium 
and  tellurium,  each  combining  with  4  atoms  of  chlorine. 

The  atomic  volume  of  solid  sulphur  is  loi,  and  that  of  sele- 
nium 103,  or  nearly  identical;  but  that  of  tellurium,  128,  is  one- 
fourth  higher.  It  may  be  further  remarked  that  the  corre- 
sponding compoimds  of  sulphur,  selenium  and  tellurium  are 
isomorphous. 

The  singular  numerical  relations   which   Dmnas   and  others 
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have  pointed  out  between  the  atomic  weights  of  the  members 
composing  these  groups  and  those  of  several  other  elements  equally 
closely  allied,  will  be  discussed  at  a  future  point. 

It  will  be  sufficient  here  to  remark,  that  in  groups  of  electro- 
negative elements  of  similar  properties  it  is  usually  observable 
that  the  chemical  activity  of  each  element  of  the  group  is  usually 
greater,  the  smaller  is  its  combining  number ;  sulphur,  for  example, 
being  more  active  in  its  chemical  relations  than  selenium,  and 
selenium  than  telluriimi :  so  again,  jQuorine  is  more  energetic  in 
its  chemical  actions  than  chlorine,  chlorine  than  bromine,  and 
bromine  than  iodine.  In  the  metallic,  or  basylous  elements,  the 
order  of  their  activity  is  exactly  the  reverse,  potassium  being 
more  active  than  sodium,  and  sodium  than  lithium. 

The  following  table  exhibits  some  of  the  corresponding  com- 
poands  which  the  elements  of  this  group  form  with  oxygen  and 
hydrogen : — 


SnlphoreUad 
hjdrogen. 

H,S 

Solpharoat 
■Old. 

'h,so/ 

Solphono 
•oid. 


Selenioretted 
hydrogen. 

* » ^ 

H,Se 

Bdenioaa 
Mid. 

^  HjSeOj ' 

Selenio 
acid. 


TeUnrettad 
hydrogen. 

H^ 

TeUoroot 
aoid. 

HjTeOj 

Telliirio 
•oid. 

H.TeO^ 


§  I.  Sulphur:  8=32. 

Combimnff  Volume  below  1500°  (815°  C.)  \ ;  above  1904®  (1040°  C.) 

{~~|;  ReL  tot.  32;  Observed  Specific  Gravity  of  Vapour  at 

1904®,  2*23,  at  900°  (482°  C),  6-617  ;  Theoretic  Sp.  Gr, 

at  1904^  2-2168.     MeUing-pt.  239°  (i  15°  C.) ;  BoiU 

ing-pL  836°  (446''  C.) ;  Dyad,  as  in  HjS ;    Mol 

vol.  of  vapour  (SS)=|     \     j;  MoLwt,^6^. 

(406)  Most  of  the  sulphur  used  in  England  is  obtained  from 
Sicily,  where  it  occurs  in  the  native  or  uncombined  state  in  beds 
of  a  blue  clay  formation,  stretching  from  the  southern  coast  of 
the  island  towards  the  base  of  Mount  Etna.  It  is  also  found 
abimdantly  in  volcanic  districts  generally,  and  particularly  in 
those  which  border  the  Mediterranean.  Many  of  the  compounds 
of  sulphur  with  the  metals  occur  in  great  abundance  as  natural 
productions, — especially  the  sulphides  of  iron,  copper,  lead,  and 
line.  Ferric  disulphide  (FeS^,  iron  pyrites'  furnishes  a  large  pro- 
portion of  the  sulphur  consumed  in  the  manufacture  of  oil  of 
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vitriol.  Sulphur  is  still  more  extensively  distributed  in  the  oxi- 
dized condition  as  sulphuric  acid^  in  combination  with  various 
earths ;  the  sulphates  of  calcium^  magnesium^  barium^  and  stron- 
tium being  abimdant  natural  productions.  Sulphur  is  likewise 
an  essential  constituent  of  many  bodies  of  organic  origin;  it 
enters  into  the  composition  of  several  fcetid  volatile  oik ;  it  is  a 
necessary  ingredient  in  the  muscular  tissue  of  animals^  and  is 
indeed^  always  contained  in  the  albuminoid  or  proteic  compounds. 

Properties. — Native  sulphur  is  foimd  either  in  amorphous 
masses^  or  in  transparent  yellow  crystals^  the  form  of  which  is 
derived  from  the  octohedron  with  a  rhombic  base.  The  sulphur 
of  commerce  is  presented  either  as  a  harsh^  yellow,  gritty  powder, 
known  as  flowers  of  sulphur,  or  in  round  sticks,  constituting  roll 
sulphur  or  common  brimstone.  In  the  latter  condition  it  is  a 
solid,  nearly  opaque,  brittle  substance,  of  a  characteristic  yeUow 
colour,  with  a  slight,  peculiar  odour.  It  is  insoluble  in  water, 
and  is  consequently  tasteless ;  it  is  a  bad  conductor  of  heat,  and 
when  grasped  with  a  warm  hand  frequently  crackles  and  falls  to 
pieces  from  the  unequal  expansion ;  it  is  an  insulator  of  electri- 
city, and  becomes  negatively  electric  by  friction. 

Sulphur  is  highly  inflammable,  and  when  heated  in  the  air  it 
takes  fire  at  between  4^5®  and  500°  (^35°  ^^^  ^60®  C),  burning 
with  a  blue  flame,  and  emitting  pimgent  suffocating  fumes  of  sul- 
phurous anhydride.  At  239®  (115°  C.)  it  melts,  forming  a  yeUow 
liquid  which  is  less  dense  than  the  immelted  sulphur.  In  closed 
vessels  it  may,  by  a  further  heat,  be  distiUed,  the  boiling-point 
being  about  836®  (446°  C.)  (Regnault) ;  at  this  temperature  sul- 
phur yields  a  deep  yeUow  vapour  of  sp.  gr.  6*617 :  ^  volume  of 
this  vapour  contains  3  atoms  of  sulphur.  Bineau  found  that  when 
sulphur  is  heated  to  about  1832°  (1000°  C),  the  vapour  becomes 
dilated  to  three  times  the  bulk  that  an  equal  weight  of  the  vapour 
occupies  at  900®  (482°  C),  and  that  at  this  high  temperature  the 
volume  occupied  by  an  atom  of  sulphur  vapour  corresponds  with 
that  of  an  atom  of  oxygen ;  this  observation  has  recently  been 
confirmed  by  Deville  and  Debray. 

Sulphur  combines  readily  with  chlorine,  with  bromine,  and 
with  iodine,  especially  when  the  action  is  favoured  by  heat.  It 
also  enters  rapidly  into  combination  with  most  of  the  metals, 
many  of  which,  like  copper,  iron,  and  silver,  if  in  a  state  of  fine 
division,  bum  vividly  when  heated  in  its  vapour.  The  compounds 
of  sulphur  with  the  metals  are  now  termed  sulphides,  formerly 
they  were  known  as  sulphurets.  Generally  for  each  sulphide  a 
corresponding  oxide  exists,  each  atom  of  oxygen  in  the  molecule 
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of  the  oxide  being  represented  in  the  sulphide  by  an  atom  of  sul- 
phur ;  and  sulphur  often  displaces  oxygen  by  double  decomposi- 
tion ;  I  atom  of  sulphur  is  therefore  equivalent  to  i  atom  of 
oxygen  and  to  2  atoms  of  hydrogen  or  of  chlorine. 

£xiraetum, — When  the  proportion  of  sulphur  in  the  matrix  is  large,  the 
etrthy  impurities  are  removed  by  simply  melting  out  the  sulphur  from  them ; 
but  when  the  proportion  of  sulphur  does  not  exceed  8  or  12  per  cent,  it  is  found 
to  be  more  advantageous  to  subject  the  mineral  to  a  rough  distiUation,  which  is 
perfionned  upon  the  spot  where  it  is  obtained.  For  this  purpose  a  long  brick 
Inmaoe  ia  oonstmcted  so  as  to  contain  a  double  row  of  upright  earthenware  re- 
toftSp  eadi  of  a  capacity  of  4  or  5  gallons  (18  or  22  litres) :  each  retort  is  fur- 
nished with  a  large  aperture  at  the  top  for  charging  it  with  the  sulphur,  and 
with  a  short  wide  tube,  which  proceeds  from  the  side  at  the  upper  part,  and  slopes 
downwards  through  the  waUs  of  the  furnace  into  an  earthen  receiver  of  a  form 
similar  to  that  of  the  retort :  from  the  bottom  of  the  receiver  a  short  pipe  carries 
off  the  still  melted  sulphur  into  a  vessel  containing  water.  It  is,  however,  yet 
very  impure,  and  requires  a  second  more  careful  distillation  before  it  is  fit  for 
many  of  the  purposes  to  which  it  is  applied  in  the  arts.  This  second  distillation 
it  eondiicted  in  retorts,  generally  of  iron,  furnished  with  a  short,  wide,  lateral 
neck ;  the  fiunes  are  received  into  large  chambers  of  brickwork.  If  the  walls  of 
these  chambers  be  kept  cool,  and  the  process  be  conducted  slowly,  the  sulphur  is 
oondensed  in  powder,  and  forms  '  flowers  of  sulphur' ;  but  if  the  fire  be  urged, 
■ad  the  masonry  be  allowed  to  become  hot,  the  sulphur  melts,  runs  down,  and  . 
it  then  drawn  off  into  cylindrical  wooden  moulds,  which  give  it  the  usual  form 
of  roll  sulphur. 

When  sulphur  is  prepared  from  pyrites  (FeSJ,the  mineral  is  sometimes  dis- 
tilled in  closed  vessels,  and  by  this  means  about  one-third  of  the  sulphur  which  it 
oontains  ia  volatilized  and  condensed,  magnetic  pyrites,  Fe,S^,  remaining ;  but  it 
is  more  naual  to  conduct  the  operation  in  the  open  air,  as  a  preliminary  stop  in 
the  roasting  of  copper  pyrites  to  prepare  it  for  smelting.  Huge  heaps  of  the  ore 
sre  arranged  in  the  form  of  a  truncated  square  pyramid,  the  base  of  which  is 
about  30  feet  (or  10  metres)  in  the  side.  A  layer  of  powdered  ore  is  placed  at 
the  bottom,  and  over  this  one  of  brushwood ;  in  the  centre  is  constructed  a 
wooden  chimney,  which  communicates  with  air-ways  left  between  the  fagots ; 
fragments  of  ore  are  now  piled  up  until  the  heap  is  about  8  feet  (2*5  metres) 
high,  and  lastly  the  whole  is  covered,  for  a  depth  of  12  inches  (30  centimetres), 
with  a  layer  of  powdered  ore.  Such  a  heap  contains  upwards  of  2000  tons  of 
pjiitea,  and  will  furnish  about  20  tons  of  sulphur.  When  the  construction  of 
the  heap  is  complete,  the  fire  is  kindled  in  the  centre  by  dropping  lighted  fagots 
down  the  diimney ;  in  the  course  of  a  few  days  the  heat  becomes  diffused  through- 
out the  mass,  and  sulphur  begins  to  ooze  from  the  surface.  When  this  is  ob- 
served, numerous  hemispherical  wells  or  excavations,  fitted  with  covers,  are  made 
in  the  superficial  layer  of  ore,  for  the  reception  of  the  sulphur ;  into  these  cavities 
it  drains,  and  is  daily  ladled  out  and  cast  into  moulds.  The  process  of  roasting 
such  a  heap  occupies  five  or  six  months. 

Uies. — Sulphur  is  extensively  employed  in  the  arts ;  from  its 
ready  inflammability  it  is  used  to  facilitate  the  combustion  of 
many  bodies,  as  in  the  preparation  of  matches  ;  and  large  quanti- 
ties are  consumed  in  the  manufacture  of  gunpowder.  It  is  em- 
ployed to  some  extent  as  a  medicine,  especially  in  certain  forms 
of  cutaneous  disease  j  when  converted  into  sulphurous  acid  it  is 
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applied  to  the  bleaclimg  of  silks  and  flannels ;  but  its  chief  con- 
sumption is  in  the  production  of  sulphuric  acid. 

(407)  Various  forms  of  Sulphur, — Sulphur  has  been  already 
pointed  out  (87)  as  affording  a  striking  illustration  of  the  occur- 
rence of  allotropy  :  it  may  be  obtained  in  several  distinct  modifi- 
cations of  form^  or  in  different  allotropic  states. 

The  first  form  is  the  native  crystal  of  sulphur,  the  octohedron 
with  a  rhombic  base.  It  may  be  obtained  artificially  by  allowing 
the  solution  of  sulphur,  in  chloride  of  sulphur,  or  in  carbonic 
disulphide,  to  evaporate  spontaneously.  It  is  semi-transparent,  of 
an  amber  yellow  colour,  and  has  a  density  of  2*05.  Its  crystals 
undergo  no  change  in  the  air :  they  fuse  at  239°  (115°  C). 

The  second  variety  is  obtained  by  melting  2  or  3  kilogrammes 
of  sulphur,  and  allowing  it  to  solidify  on  the  surface ;  if  the  crust 
be  pierced  with  a  hot  wire,  the  still  fluid  portion  may  be  poured 
off,  and  the  solid  mass  beneath  will  be  found  to  be  lined  with 
transparent  brownish-yeUow  needles,  belonging  to  the  oblique 
prismatic  form ;  these  have  a  specific  gravity  considerably  less 
than  octohedral  sulphur,  viz.,  1*98,  the  density  of  ordinary  roll 
sulphur.  According  to  Brodie,  it  melts  at  248°  (120*'  C).  This 
form  is  not  permanent  in  the  air :  in  a  few  days,  or  (if  the  sur- 
face of  the  crystals  be  scratched)  in  a  few  hours,  the  transparency 
disappears,  and  although  to  the  eye  the  crystals  retain  their  pris- 
matic outline,  they  lose  their  coherence,  and  an  opaque  crumbling 
mass  is  produced,  consisting  of  minute  rhombic  octohedra.  On 
the  other  hand,  if  an  octohedron  of  sulphur  be  placed  in  a  liquid, 
the  temperature  of  which  is  slowly  raised  to  a  point  between 
220®  and  230°  (104°  and  110°  C),  it  loses  its  transparency,  owing 
to  the  formation  of  prismatic  crystals. 

Mitscherlich  has  ascertained  that  in  the  passage  of  the  pris- 
matic into  the  octohedral  form,  an  amount  of  heat  is  emitted 
which  would  raise  the  temperature  of  an  equal  weight  of  water 
4°'09  (2°'27  C).  This  conversion  of  the  prismatic  into  the  octo- 
hedral variety  may  be  effected  suddenly,  by  immersing  the  prisms 
in  a  solution  of  carbonic  disulphide,  even  when  this  solvent  is 
already  saturated  with  sulphur  {Arm,  de  Chimie,  III.  xlvi.  124). 

The  third  variety  is  even  more  remarkable  than  the  preceding 
forms  :  it  is  produced  by  the  action  of  a  still  higher  temperature. 
The  influence  of  heat  upon  sulphur  is  indeed  very  peculiar.  It 
begins  to  melt  at  about  239°  (115°  C.),  and  between  248°  (120°  C.) 
and  284®  (140®  C.)  it  forms  a  yellow,  transparent,  and  tolerably 
limpid  liquid  :  as  the  temperature  rises,  the  colour  deepens,  it 
becomes  brown,  and  at  last  nearly  black  and  opaque.     At  356^ 
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(i8o®  C.)  these  changes  are  very  decided ;  it  gradually  becomes 
more  and  more  viscid ;  the  temperature  at  this  point  for  a  while 
becomes  stationary,  notwithstanding  continued  accessions  of  heat 
from  without,  so  that  heat  is  becoming  latent,  as  in  the  analogous 
case  of  the  melting  of  ice.  After  a  while,  if  the  application  of 
heat  be  steadily  continued,  the  temperature  again  rises,  and  when 
it  has  attained  to  nearly  500^  (260°  C.)  the  sulphur  once  more 
liquefies,  though  it  never  becomes  as  fluid  as  at  the  temperature  of 
048°  (120®  C.)  when  first  melted.  If  it  be  now  suddenly  cooled 
by  pouring  it  in  a  slender  stream  into  cold  water,  a  soft  tenacious 
mass  is  produced,  which  may  be  drawn  out  into  elastic  threads. 
The  colour  of  the  cooled  threads  varies  from  a  pale  amber  to  a  deep 
brown,  becoming  darker  in  proportion  to  the  elevation  of  tempera- 
ture which  it  has  experienced.  Magnus  has  shown  [Pogg.  AnnaL 
xcii.  308)  that  this  deepening  in  colour  of  the  melted  sulphur  is 
due  to  the  formation  of  another  modification  of  sulphur,  which 
is  black  ;  the  more  frequently  the  sulphur  is  heated  up  to  about 
599^  (3^^  ^')f  *^^  *^^®^  suddenly  cooled,  the  larger  is  the  quan- 
tity of  this  black  sulphur  which  is  formed :  the  details  of  the  pro- 
cess required  for  insulating  it  are  given  at  length  in  the  memoir 
above  referred  to.  A  red  variety  of  sulphur  was  also  obtained  by 
Magnus,  which  Mitscherlich  proved  to  be  produced  only  when  a 
minute  quantity  of  some  fatty  body  is  present.  Ductile  sulphur 
has  a  sp.  gr.  of  only  i'957.  In  a  few  hours  it  becomes  yellow 
and  opaque,  and  returns  to  the  brittle  form,  giving  out  again  the 
heat  which  it  had  absorbed ;  it  also  increases  in  density,  the 
greater  part  of  it  assuming  the  octohedral  form.  If  this  ductile 
sulphur  be  heated  to  a  12°,  it  suddenly  returns  to  the  brittle 
condition,  the  temperature  rising  to  230^  (iio^  C.)  during  the 
change. 

(408)  According  to  Berthelot  [Ann,  de  Ckimie,  III.  xlix.  435) 
there  are  among  the  various  modifications  of  which  sulphur  is 
susceptible,  two  principal  forms  which  are  more  stable  than  the 
rest.  These  are  the  octohedrcU,  or,  as  he  terms  it,  the  electro^ 
negative  variety,  the  most  permanent  condition  of  sulphur,  and  a 
pulverulent,  or  electropositive  form,  which  is  insoluble  in  carbonic 
disulphide. 

In  the  Bo-called  electronegative  or  octobedral  condition  snlphnr  is  solnble  in 
carbonic  diBolphide.  Thid  variety  is  deposited  at  tbe  positive  electrode  of  the  voltaic 
battery  daring  the  electrolysis  of  an  aqaeoas  solution  of  sulphuretted  hydrogen. 
To  this  variety,  the  prismatic  form,  and  the  white  precipitate  obtained  from  the 
alkaline  polysulphides  by  the  addition  of  an  acid,  also  belong.  It  is  this  form 
which  is  always  deposited  from  cold  solutions  of  sulphur ;  whether  the  solvent 
be  alcohol,  benzol,  carbonic  disulphide,  or  chloride  of  sulphur. 


170  YABIOUS  POBMS   OF  SULPHUR. 

The  electropo«itive  condition  ib  obtained  when  solpliar  is  separated  from  its 
oombinations  with  elements  which,  like  oxygen,  bromine,  and  chlorine,  are  more 
electronegative  than  sulphur  itself.  The  most  stable  variety  is  that  obtained  by 
treating  flowers  of  sulphur  first  with  carbonic  disulplude,  then  with  alcohol,  and 
then  a  second  time  with  the  disulphide ;  it  is  somewhat  leas  stable  when  pro- 
cured from  the  chloride  of  sulphur  by  decomposing  it  with  water ;  if  the  pre- 
cipitate thus  occasioned  be  purified  by  digestion  in  carbonic  disulphide,  a  yellow, 
or  orange-yellow,  amorphous  powder  is  procured.  This  amorphous  sulphur  is 
much  more  readily  oxidized  when  heated  with  nitric  acid  than  the  crystalline 
modification.  If  maintained  at  230^  ( 1 1  o^  C.)  for  some  time,  it  gradually  passes 
into  the  octohedral  modification,  evolving  heat  during  the  change.  If  amor- 
phous sulphur  be  heated  to  572°  (300°  C),  then  suffered  to  cool  very  slowly, 
and  submitted  to  2  or  3  successive  sublimations  at  a  low  temperature,  it  becomes 
converted  into  the  electronegative  condition,  and  is  rendered  entirely  soluble  in 
carbonic  disulphide.  The  electropositive  variety  may  also  be  slowly  converted 
into  the  electronegative  form  by  contact  with  certain  electropositive  substances, 
as  by  digestion  for  some  days  in  a  solution  of  liquid  ammonia,  in  one  of  disodic 
sulphide,  or  in  one  of  hydropotassic  sulphite  (KHSOJ,  in  which  case  a  portion  of 
the  sulphur  becomes  dissolved,  and  the  remainder  is  rendered  soluble  in  carbonic 
disulphide.  Electropositive  sulphur  is  deposited  at  the  negative  electrode  of  the 
battery  during  the  electrolysis  of  sulphurous  or  sulphuric  acid.  Other  modifi- 
cations of  the  insoluble  form  of  sulphur,  which  pass  with  greater  facility  than  the 
foregoing  one  into  the  soluble  variety  (for  example,  by  exposure  to  212°  for 
some  hours),  may  be  obtained  by  decomposing  the  oxidized  compounds  of  sulphur, 
such  as  the  hyposulphites,  by  acids.  The  black  sulphur  of  Magnus  is  also  in- 
soluble in  carbonic  disulphide. 

Crystalline  sulphur^  of  either  the  octohedral  or  the  prismatic 
form^  is  soluble  in  about  3  times  its  weight  of  carbonic  disulphide ; 
it  is  also  dissolved  freely  by  the  chloride  of  sulphur ;  by  sponta- 
neous evaporation  of  these  liquids^  the  sulphur  is  left  in  octohedra. 
Benzol  is  also  an  excellent  solvent  for  sulphur^  especially  when 
heated.  Boiling  oil  of  turpentine  likewise  dissolves  sulphur 
freely^  and  retains  1*5  per  cent,  of  it  on  cooling :  as  the  liquid 
cools^  the  sulphur  crystallizes^  first  in  the  prismatic  form^  after- 
wards^ as  the  temperature  continues  to  fall>  octohedra  are  pro- 
duced. Vitreous  sulphur  is  but  partially  soluble  in  carbonic 
disulphide ;  and  after  it  has  lost  its  vitreous  and  tenacious  cha- 
racter by  exposure  to  the  air^  it  is  not  whoUy  changed  into  the 
crystalline  form  of  sulphur,  for  when  treated  with  carbonic  disul- 
phide a  pale  buff-coloured  powder  of  sp.  gr.  1*955  ^  ^^^^  ^*  ^^7* 
by  fusion,  be  reconverted  into  ordinary  sulphur,  soluble  in  car- 
bonic disulphide.  If  vitreous  sulphur  be  left  in  contact  for  24 
hours  with  an  aqueous  solution  of  sulphuretted  hydrogen,  it  is 
changed  into  the  amorphous  form. 

All  the  varieties  of  sulphur  are  soluble  to  a  small  extent  in 
boiling  anhydrous  alcohol,  the  electropositive  varieties  becoming 
modified  as  they  are  dissolved :  the  hot  solution  as  it  cools  de- 
posits minute  transparent  prismatic  crystals  of  the  electronega- 
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thre  variety.     Chloroform  loid  ether  dissolye  sulphur  less  freely 
than  alcohoL 

When  sulphur  is  distilled  in  small  quantities^  and  received  into 
vessels  in  which  the  temperature  is  not  considerably  reduced^  the 
sulphur  is  condensed  in  red  drops^  which  remain  liquid  for  many 
hours.  Sulphur  is  also  frequently  liberated  in  the  ductile  form 
from  the  native  sulphides  of  the  metals  during  their  solution  in 
aqma  regia,  and  from  the  hyposulphites  when  decomposed  by  con- 
centrated hydrochloric  acid.  When  nitric  acid  is  used^  the  sul- 
phur is  separated  in  solid  fiocculi. 

(409)  Compounds  of  Sulphur  with  Oxygen. — ^Two  oxides 
only  of  sulphur  are  known  in  the  anhydrous  state^  viz. : — 

MoLwt.  MoLtoL    Snlphnr.       Oxj^en. 


Solpknzoos  anhydride  SO,    =    64 
Solphnric  anhydride     SO,    =    80 


50*00  4-  5000  =  100 
40*00  4-  6o'oo  =  100 


Sulphur^  however^  forms  numerous  oxidized  acid  compounds : 
two  of  them  (sulphurous  acid  and  sulphuric  acid)  have  been  long 
known  and  employed  on  a  large  scale  in  the  arts ;  the  others  are 
less  important^  and  of  comparatively  recent  discovery.  Some  of 
these  acids  of  sulphur  are  interesting^  inasmuch  as  they  exhibit 
a  combining  ratio  diflferent  from  any  which  we  have  as  yet  con- 
sidered^ and  they  show  the  application  of  the  law  of  multiple  pro- 
portions to  the  case  of  the  sulphur^  as  well  as  to  that  of  the 
oxygen  which  they  contain. 

The  following  table  exhibits  the  composition  of  the  various 
oxyacids  of  sulphur^  the  existence  of  which  is  at  present  known. 
The  five  compounds  which  stand  last  on  the  list  are  often  spoken 
of  as  constituting  the  polythumic  series  (from  iroXv^  many^  OcFoi^, 
sulphur)^  in  allusion  to  the  multiple  proportion  in  which  the  sul- 
phur enters  their  composition : — 

Snlphorons  acid  HsSO,        =    83 


H^O^        =    98 
H,S,H,04  =  133 

HAO«     =  194 
HAO«     =  358 


Sulphuric  acid  

HypOBolpharoas  acid 

Dithionic  „      

Trithionio  

Tetrathionio        „      

Pentathionic       ,,      

We  will  examine  first  the  sulphurous  acid,  then  the  sulphuric 

acid,  and  will  pass  slightly  over  the  other  acids,  the  compounds 

of  which,  with  the  exception  of  some  of  the  hyposulphites,  have 

as  yet  received  no  practical  applications. 

(410)  Sulphurous  Anhydride  (formerly  Sulphurous  Acid) : 
SO,=64;  Mol.   Vol.  [Tli  ^f-  ^^'  3^  i  Theoretic  8p.  Gr.  of 
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Gasy  2*aii2;  Observed^  2*247;  of  liquid,  1*38,  at  60®  (15®  C); 
Melting-pt  - 1 05°  (- 76°  C);  5oi/in^-;>/.  14°  (— 10°  C.).— Sulphur 
bums  in  oxygen  with  a  lilac-coloured  flame^  and  produces  a  per- 
manent gas ;  after  the  combustion  has  terminated^  and  the  gas 
has  been  allowed  to  regain  its  original  temperature^  the  bulk  of 
the  gaseous  products  is  found  to  be  the  same  as  before  the  ex- 
periment^ but  the  density  of  the  gas  is  doubled.  This  experi- 
ment furnishes  an  easy  proof  of  the  composition  of  the  gas  ;  for 
it  is  thus  shown  to  contain  equal  weights  of  sulphur  and  oxygen. 
Sulphurous  anhydride  is  the  sole  product  if  the  oxygen  be  dry. 

The  composition  of  sulphurous  anhydride  may  be  represented 
in  the  following  way  : — 

Bj  weight.  By  toL  8p.  gr. 

SulpLur    ...        S       =    33    or    50        i    or    0*5    =     1*1056 

Oxygen     ...        0,      =32  50        a  I'o    =     1*1056 


anbydnde  ) 

Praperties. — ^This  gas  has  a  pungent  suffocating  odour,  like 
that  of  burning  sulphur,  and  in  a  concentrated  form  it  is  quite 
irrespirable ;  but  if  breathed  in  a  diluted  form  it  produces  the 
symptoms  of  ordinary  catarrh.  It  is  not  inflammable,  but  qnickly 
extinguishes  the  flame  of  burning  bodies.  Sulphurous  anhydride 
combines  with  water  immediately,  and  becomes  converted  into 
sulphurous  acidy  H^SOj.  This  compound  has  never  been  isolated 
in  a  pure  state,  and  a  very  gentle  heat  is  sufiScient  to  occasion 
the  decomposition  of  its  solution  into  the  anhydride  and  water. 
The  liqiiid  has  a  taste  and  smeU  similar  to  that  of  the  gas ;  the 
solution  gradually  absorbs  oxygen  from  the  air,  and  becomes  con- 
verted into  sulphuric  acid.  A  crystalline  hydrate  of  sulphurous 
acid  (SO2I5H2O,  Schonfeld ;  or  SO^pHgO,  Pierre)  may  also  be  ob- 
tained at  a  low  temperature  :  at  39°  (4®  C.)  this  hydrate  melts  and 
is  decomposed.  Water,  according  to  Bunsen,  takes  up,  at  32°, 
68*8  times  its  bulk  of  the  gas ;  43-5  times  its  bulk  at  59°  (15°  C.) ; 
and  32  at  75®  (24°  C).  Owing  to  the  solubility  of  sulphurous 
anhydride  in  water,  the  gas  must  always  be  collected  either  over 
mercury,  or  in  dry  bottles  by  displacement:  from  the  high 
density  of  the  gas  (double  that  of  oxygen),  the  latter  method  is 
easily  applied. 

Preparation. — i.  When  required  in  a  pure  state,  sulphurous 
anhydride  is  always  prepared  by  depriving  oil  of  vitriol  of  part  of 
its  oxygen.  In  order  to  effect  this,  two  or  three  ounces  (about 
90  grammes)  of  sulphuric  acid  in  a  concentrated  form  may  be 
boiled  in  a  glass  retort  upon  half  an  ounce  (15  grms.)  of  copper 
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olippings  or  of  mercury.     The  result  of  the  reaction  in  the  case 
^  copper  is  indicated  by  the  following  equation  : — 

Cu  +  2H3SO^=CuSO^+ SOjj-f  aHjO. 

The  gas  must  be  washed  by  allowing  it  to  bubble  up  through 
a  bottle  containing  a  small  quantity  of  water,  which  retains  sul- 
phuric acid  and  any  impurities  which  might  be  mechanically  sus- 
pended in  the  gas."^ 

a. — Sulphuric  acid  may  be  more  economically  deoxidized  by 
means  of  charcoal  or  dry  sawdust,  but  the  gas  in  this  case  is 
accompanied  by  one-half  its  volume  of  carbonic  anhydride ; 
C  +  aHjSO^=  aSOj  +  COg  +  2llfi.  For  most  purposes,  however, 
such  as  the  preparation  of  the  alkaline  sulphites,  the  presence  of 
carbonic  anhydride  is  unimportant. 

3. — Sulphurous  anhydride  may  also  be  procured  readily  by  a 
process  of  oxidation :  for  example,  by  heating  in  a  flask  an  inti- 
mate mixture  of  4  parts  of  flowers  of  sulphur  and  5  of  finely  pow- 
dered peroxide  of  manganese,  sulphurous  anhydride  and  manga- 
nous  sulphide  are  produced;  Sj-fMnOjsSOj-fMnS.  A  result 
somewhat  similar  is  obtained  by  heating  a  mixture  of  3  parts  of 
cupric  oxide  with  i  part  of  sulphur;  aCuO  +  Sg  becoming 
CujS+SOj. 

Sulphurous  anhydride  is  emitted  abundantly  from  the  craters 
of  volcanoes,  and  it  is  occasionally  met  with  in  solution  in  the 
springs  of  volcanic  districts. 

Snlphnroos  anhydride,  by  transmission  through  a  tabe  surrounded  by  a  mix- 
tare  of  ioe  and  salt,  may  be  condensed  to  a  colourless,  transparent,  limpid  liquid, 
which  dissolves  bitumen;  it  freezes  at  —  105^  (  —  7^  ^O*  forming  a  trans- 
ptrent,  colourless,  crystalline  solid,  heavier  than  the  liquid ;  in  closed  tubes,  at 
60^  (15^*5  C.)  it  exCTts  a  pressure  of  2*54  atmospheres.  Fig.  3x1  shows  a  method 
of  Bqaefying  sulphurous  anhydride.  The  gas  is  generated  in  the  flask,  ▲,  washed 
and  dried  by  means  of  concentrated  sulphuric  acid  placed  in  the  bottle,  b,  trans- 
mitted through  the  pewter  worm,  c,  which  is  surrounded  by  a  freezing  mixture 
of  ice  and  salt,  and  collected  in  the  receiver,  d,  which  is  also  cooled  by  a  freezing 
mixture ;  the  liquefied  compound  is  stored  up  for  use  in  small  tubes,  one  of  which 
is  shown  at  £,  fig.  3 1 2  :  the  tube  having  been  placed  in  the  freezing  mixture,  the 
tnhydride  is  poured  into  it  through  a  small  tube  funnel,  and  the  liquid  is  pre-^ 
served  by  drawing  off  and  sealing  the  tube  at  the  narrow  portion  in  the  flame  of 
the  blowpipe,  whilst  the  receiver  still  remains  in  the  freezing  mixture. 

Uses.  —  Sulphurous  acid  possesses  considerable  bleaching 
powers^  and  is  extensively  employed  in  bleaching  straw  and  wool, 


*  According  to  Maumen^,  a  certain  quantity  of  cupreous  sulphide,  Cu,S, 
is  also  produced  during  this  operation,  afler  which  a  mixture  of  cupric  sulphide 
and  oxysulphide  is  also  formed.  In  this  insoluble  residue,  according  to  Millon 
and  Commaille,  every  trace  of  arsenic  in  the  sulphuric  acid,  or  in  the  copper  dis- 
solved, aocnmulat^. 
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as  veil  as  silken  goods,  isinglass,  sponge,  and  other  articles  which 
would  be  iignred  by  chlorine.     The  articles  to  be  bleached  are 


moistened,  and  suspended  in  closed  chambers  in  whicli  sulphur  is 
burned  in  an  open  dish ;  the  sulphurous  anhydride  is  absorbed 
by  the  damp  goods,  and  their  colour  is  dischai^ed.  The  acid 
appears  to  act  by  forming  colourless  compounds  with  certain 
colouring  matters.  It  does  not,  like  chlorine,  decompose  the 
colouring  matter ;  for  the  sulphurous  acid  may  either  be  expelled 
by  a  stronger  acid,  or  it  may  be  neutralized  by  an  alkali,  and  the 
colour  will  be  restored  :  the  reproduction  of  the  yellow  colour 
in  new  flannel,  when  it  is  washed  with  an  alkaline  soap  for  the 
first  time,  afTords  a  practical  illuatration  of  the  effect  of  an  alkali 
upon  goods  which  have  been  bleached  by  sulphurous  acid.  Sul- 
phurous anhydride  is  also  highly  valuable  as  a  disinfecting  agent. 
It  is  a  powerful  antiseptic.  Meat  which  has  been  exposed  to  the 
action  of  the  gas,  and  then  sealed  up  in  metallic  canisters  filled 
with  nitrogen  to  which  a  little  nitric  oxide  has  been  added  to  re- 
move the  last  traces  of  oxygen,  may  be  preserved  fresh  for  years. 
It  is  often  used  to  check  fermentation  in  cider,  or  in  home-made 
wine :  a  little  sulphur  being  burned  in  the  cask  before  filling  it 
with  the  liquor. 

It  is,  however,  principally  as  a  preliminary  step  in  the  manu- 
facture of  oil  of  vitriol  that  sulphurous  anhydride  is  made  upon 
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the  large  scale,  and  in  this  ease  it  is  always  obtained  by  burning 
snlpliiir^  or  a  metallic  sulphide,  in  air. 

(411)  Sulphites. — Sulphurous  acid  is  a  weak  dibasic  acid. 
With  the  alkalies  it  forms  two  kinds  of  salts,  one  of  which  is 
represented  by  the  ordinary  disodic  sulphite  (NagSOj^ioH^O), 
while  the  other  class  is  represented  by  the  hydro-potassic  sul- 
phite (KHSO,)  often  called  the  bisulphite.  The  sulphites  of  the 
alkali-metals  are  the  only  ones  which  are  fireely  soluble  in  water; 
but  those  of  barium,  strontium,  and  calcium,  are  dissolved  to  some 
extent  by  an  aqueous  solution  of  sulphurous  acid. 

The  following  table  shows  the  composition  of  some  of  the 
sulphites : — 

G^eral  fonnnbB. 


Salpbaroiu  add 

*  •  • 

... 

... 

HjSO, 

Normal  salt 

0 

•  •  • 

... 

... 

M^O, 

Add  salt 

... 

... 

... 

HMSO, 

Doable  salt 

... 

.  •  * 

• .  • 

MM'SOj 

Potasdc  sulphite 

• . « 

. . 

... 

K,S0j,2H,0 

Hydropotasdc  sulphite  (bisulphite) 

... 

KHSOj 

Sodic  sulphite    ... 

. .  • 

... 

... 

NajSOyioHjO 

Hydrosodio  sulphite  (bisul 

Iphite) 

... 

NaHS0„4H,0 

Caldc  sulphite  ... 

... 

... 

CaSOj,aHjO 

Baric  sulphite    ... 

... 

... 

BaSO, 

Maguesic  sulphite 

... 

... 

MgS0,3H,0 

Plumbic  sulphite 

.  •  * 

... 

PbSO, 

Argentic  sulphite 

... 

... 

Ag^O, 

Many  of  the,  sulphites  are  decomposed  by  a  strong  heat,  the 
acid  being  gradually  expelled.  They  are  also  decomposed  by  sul- 
phuric or  by  hydrochloric  acid,  with  extrication  of  sulphurous 
acid,  which  is  known  by  its  peculiar  and  pungent  odour.  The 
best  test  for  detecting  small  traces  of  sulphites  consists  in  the 
addition  of  a  firagment  of  zinc  and  a  drop  or  two  of  hydrochloric 
add  to  the  solution ;  the  sulphurous  acid  is  deoxidized,  the  sul- 
phur combines  with  hydrogen,  and  sulphuretted  hydrogen  is 
given  off;  the  gas  last  named  may  be  detected  by  suspending  a 
piece  of  paper  moistened  with  a  solution  of  plumbic  acetate,  in 
the  upper  part  of  the  vessel,  which  should  be  closed  by  a  glass 
plate.  Salts  of  silver  in  solution  give  a  white  precipitate  with 
solutions  of  the  soluble  sulphites ;  the  precipitate  is  soluble  in 
excess  of  the  sulphite,  and  it  is  partially  reduced  to  metallic 
silver  when  the  liquid  is  boiled :  a  characteristic  reaction  is  the 
formation  with  baric  chloride  of  a  white  precipitate  of  baric  sul- 
phite, which  is  soluble  in  hydrochloric  acid,  but  the  solution  thus 
obtained  gives  a  white  precipitate  of  baric  sulphate  on  the  addi- 
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tion  of  a  solution  of  chlorine^  of  iodine^  or  of  bleacliing  powder. 
The  sulphites^  when  moist^  absorb  oxygen  from  the  air ;  and  solu- 
tions of  these  salts  are  often  used  as  deoxidizing  agents :  for  ex- 
ample^ the  ferric  salts  are  reduced  by  them  to  ferrous  salts.  Grold^ 
selenium^  and  tellurium^  are  precipitated  by  them^  from  solutions 
containing  excess  of  hydrochloric  acid,  in  the  reduced  or  metallic 
form  ;  arsenic  acid  is  reduced  to  arsenious  acid^  and  chromic  add 
to  a  green  salt  of  chromium. 

Sulphurous  acid  dissolves  and  is  decomposed  by  the  metals 
which,  like  zinc,  iron,  tin,  and  cadmium,  evolve  hydrogen  with 
hydrochloric  acid.  Iron,  for  example,  is  rapidly  dissolved  by  sul- 
phurous acid  if  heated  with  its  solution,  ferrous  sulphite  and  hypo- 
sulphite being  formed,  whilst  the  hyposulphite  is  speedily  resolved 
into  ferrous  sulphide  and  tetrathionate ;  and  the  tetrathionate  in  its 
turn  is  converted  into  ferrous  sulphate,  free  sulphur,  and  sulphurous 
acid,  as  is  represented  in  the  annexed  equations : — 

SnlpharouB  Ferrous  Ferroiu 

add.  hjpoaalphite.  tulphito. 

aFe    +    sHjSO,    =    FeSjHjO^    +    FeSO,    +     iHjO, 

FerrooB  Ferrooi  Ferroni  Ferroos 

hyposulphite.  sulphide.  tetnthionste.  sulphite. 

and  3FeS2HgO^    =    FeS     +    YeSfi^    +    FeSOj    3H3O, 
whilst  further,  FeS^O^  +  Ufi  =  FeSO^  +  H3SO3  +  S^. 

The  sulphites  are  readily  formed  by  transmitting  a  stream  of 
sulphurous  acid  through  water  in  which  the  oxide  or  the  carbo- 
nate of  the  metal  is  dissolved  or  suspended,  the  carbonates  being 
decomposed  with  eflfervescence. 

(41a)  Sulphuric  Acid  ;  Dihydric  Sulphate  (112804=98). — 
This  substance,  which  constitutes  one  of  the  most  important  pro- 
ducts of  chemical  manufacture,  is  made  in  enormous  quantities. 
In  Great  Britain  alone  upwards  of  100,000  tons  are  annually  con- 
sumed. The  acid  is  occasionally  met  with  uncombined  with  bases 
in  thermal  springs,  particularly  in  those  of  volcanic  regions.  Sul- 
phates  of  calcium,  barium,  magnesium,  and  some  other  metals, 
constitute  abimdant  constituents  of  the  crust  of  the  earth. 

Preparation, — ^When  sulphur  is  boiled  in  aqua  reffia,  or  in 
concentrated  nitric  acid,  it  is  gradually  oxidized  and  converted  into 
sulphuric  acid ;  but  this  method  is  never  employed,  excepting  for 
experimental  purposes  in  the  laboratory.  On  the  large  scale  it  is 
made  by  a  process  first  employed  by  Roebuck,  about  the  year  1746, 
since  which  period  the  mode  of  conducting  it  has  imdergone 
several  modifications  and  improvements,  though  in  principle  it 
continues  to  be  the  same. 
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The  changes  which  occur  in  this  process  are  remarkable  and 
instractiye.  It  has  been  already  mentioned^  that  when  sulphur 
is  burned  in  air  or  in  oxygen,  the  product  is  sulphurous  anhydride. 
This  gas,  if  made  to  combine  with  half  as  much  oxygen  again  as  it 
already  contains,  is  converted  into  sulphuric  anhydride.  Direct 
union,  however,  cannot  be  produced  between  the  two  gases ;  the 
intervention  of  some  third  substance  becomes  necessary ;  and  if 
water  be  presented  to  them,  a  very  gradual  combination  occurs. 
If  pure  and  dry  oxygen,  mixed  with  twice  its  bulk  of  sulphurous 
anhydride,  be  transmitted  over  spongy  platinum  {65)  heated  in  a 
tube,  the  two  gases  combine,  and  sulphuric  anhydride  (SO3)  is 
produced.  Wohler  has  also  observed,  that  the  two  gases  unite 
rapidly  when  transmitted  through  a  tube  heated  to  incipient  red- 
ness, and  containing  a  mixture  of  oxide  of  copper  and  sesquioxide 
of  chromium,  obtained  by  precipitation. 

The  following  table  represents  the  composition  of  sulphuric 
add: — 


Anhydride. 

Solphnr  S    =  3a    or    40 

Oxygen     ...        O3  =  48  60 


Sulphuric      I    SO3   =  80    or  100 
anhydride ) 


oa  of  vitriol. 
S    =  33  or  32-65 

O4  =  64        65-31 

H3  =     3  2*04 


H2SO4  =  98       lOO'OO 


If  sulphurous  anhydride  mixed  with  oxygen  in  a  moist  state 
be  presented  to  nitric  oxide,  or  to  any  other  of  the  higher  oxides 
of  nitrogen,  the  combination  may  be  effected  with  great  rapidity ; 
and  further,  a  small  proportion  of  the  oxide  of  nitrogen  will  suf- 
fice to  effect  the  combination  of  an  almost  indefinite  amount  of 
sulphurous  anhydride  and  oxygen,  if  water  be  also  present.  Upon 
these  facts  the  process  employed  in  the  manufacture  of  sulphuric 
acid  is  founded. 

The  reaction  is  easily  watched  upon  the  small  scale  by  the  following  means  :— 
Into  a  large  three-necked  receiver,  a,  fig.  313,  filled  with  atmospheric  air,  and 
ili^tly  moistened  in  the  interior,  sulphurous  anhydride  from  the  retort,  b,  and 
nitric  oxide  from  the  bottle,  c,  are  made  to  pass ;  ruddy  fumes  of  nitric  peroxide 
(NO^  are  immediately  formed  by  the  combination  of  the  nitric  oxide  with  atmo- 
spheric oxygen,  and  in  a  few  minutes  the  inner  surface  of  the  receiver  becomes 
coated  with  a  white  crystalline  deposit,  into  the  composition  of  which  sulphurona 
anhydride^  nitric  peroxide,  and  water  enter.  As  soon  as  this  crystalline  mass  is 
trei^ed  with  water,  it  is  decomposed  with  brisk  effervescence  ;  NO,  +  SO,  +  ^H,0, 
yielding  N0-hH,S0^  +  2?-iH,0;  i  atom  of  nitric  oxide  escapes,  and  i  atom 
of  sulphuric  acid  remains  in  solution :  the  [nitric  oxide,  by  again  absorbing 
oxygen  firom  the  air,  is  reconverted  into  nitric  peroxide ;  this  combines  again 
with  a  fresh  atom  of  sulphurous  anhydride  in  the  presence  of  a  small  quantity  of 
water ;  fresh  crystals  are  formed,  and  these  in  their  turn  are  decomposed  by  so* 
lutiooy  aa  before.    The  nitric  oxide  is  thus  again  liberated,  and  may  go  through 

U  If 
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the  auae  rouad  of  ooropoBitioiu  and  deoompoutioiii,  tilt  tiie  wkole  of  the  mjgea 
in  the  air  has  been  conaumed :  tlie  oxide  of  nitTOgen  that  acta  the  part  of  a 


carrier  of  oxygen  to  the  anlphoraos  anhjdiide.    In  the  nana&etnTe  of  Bulphtitic 

add  on  the  large  scale,  the  fbnntitioD  of  the  crystalline  body  and  its  deitrnction 
are  eimnltaneoiiB,  if  the  operation  be  properly  conducted,*  bo  that  no  depowtion 
of  crystale  actually  occurs. 


*  The  true  composition  of  this  oyetalline  body  has  been  the  abject  of  much 
discuBsion  and  numeroos  eiperimental  inquiries.  H.  Bose  states  that  bypassing 
pore  dry  nitric  oxide  into  a  glass  vessel,  from  which  oxygen  is  carefully  excluded, 
and  the  interior  of  which  is  moistened  with  snlphuric  anhydride  (SO,),  a  white, 
baid,  amorphous  sobstance  is  formed;  and  this  compound  he  regsids  aa  the 
essential  constituent  la  the  crystals  abore  described.  It  fuses  at  a  high  tempe- 
ratore,  aud  ma;  be  sublimed  withoot  decomposition.  Bnining  has  shown  that 
doling  the  formation  of  this  compound  snlphaions  anhydride  ia  liberated,  in  the 
proportion  of  i  atom  for  every  2  atoms  of  nitric  oxide  absorbed ;  and  he  found 
the  crystaUine  componnd  to  have  a  composition  which  may  be  represented  by  the 
formula  (N,0,,2S0,).  Water  immediately  decomposes  it,liberating  nitric  oxide, 
whilst  solpliuric  acid  ia  dissolved.  If  the  anhydrous  crystals  be  exposed  to  the 
Mr,  they  absorb  moistnre  and  emit  nitrous  fumes.  Concentrated  sulphuric  acid, 
by  the  aid  of  heat,  dissolves  them  in  all  proporiious  without  change  ;  the  solu- 
tion ciystallizca,  on  cooling,  in  rectangular  prisms,  which  appear  to  contain  water 
of  ciyslallization. 

Oil  of  vitriol  rapidly  absorbs  both  nitrous  anhydride  and  nitric  peroxide,  and 
forms  a  crystalline  compound  similar  to  the  forcing ;  the  addition  of  water  im- 
mediately liberates  red  fames  of  nitric  peroxide  Irom  it. 

There  are  many  other  methods  by  which  this  curious  sobstance  may  be  ob- 
tuned,  but  they  olUn  involve  very  complicat«d  considerations.  De  la  Provostaye 
jWDonrea  it  by  the  action  of  liquid  snlphnroua  anhydride  on  liquid  tutric  peroxide  t 
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(413)  In  the  manafacture  of  sulphuric  acid,  sulphurous  anhy- 
dride is  procuied  by  burning  either  sulphur,  or  iron  pyrites  (FeSj)  j 
promon  being  made  for  an  abundant  supply  of  atmospheric  air 
to  the  burning  material.  The  general  arraQgements  adoptcd^in 
tk  uumufactore  are  shown  in  fig,  314.     a,  Aj  represent  furnaces 

Fio.  314. 


in  wbicb  the  sulphur  is  burned :  in  the  current  of  heated  gas  an 
iron  pot,  b,  ia  suspended,  which  has  been  previously  charged  with 
a  mixture  of  sodic  nitrate  and  oil  of  vitriol.  Vapours  of  nitric 
acid  are  thus  liberated ;  they  pass  on  with  the  sulphurous  anhy- 
dride, by  suitable  flues,  into  immense  chambers,  7,  f,  constructed 
of  sheet  lead,  and  supported  by  a  strong  timber  framework.  These 
chambers  are  often  12  or  15  feet  high,  15  or  20  wide,  and  from 
150  to  300  feet  in  length,  or  about  4  or  5  metres  high,  5  or  7 
broad,  and  from  50  to  100  metres  long;  they  arc  sometimes 
partially  intersected  by  incomplete  transverse  leadeu^  partitions, 
interposed  in  the  current  of  the  mixed  gases,  with  a  view  of  effect- 
ing  their  more  intimate  admixture,  Water  to  the  depth  of  2  or 
3  inches  (6  or  8  cm.)  is  placed  upon  the  floor  of  the  cliamber,  d,  d, 
to  condense  the  acid ;  and  the  mutual  reaction  of  tlic  atmospheric 
oxygen,  sulphurous  anhydride,  and  nitric  oxide  is  further  facilitated 


he  conuden  it  when  Bnhydroui  to  ooiuiat  of  (S0,,S0,,2N0,),  which  b  coiuUteDt 
with  the  aiuljBU  of  Briining. 

WeUnen  found  liat  sulphuric  acid  {H,SO,)  combineB  directly  with  nitrouH 
anhydride  fN,OJ,  forming  a  white  crystalline  maM,  in  proportdona  whidi  may 
be  repnaented  1^  the  formula  (H,0,280,N,0,).  According  to  the  aame  chemisli, 
snlpfaurio  acid  alio  formi  with  nitric  peroxide  a  white  crjabdline  compound  fbaibls 
at  i63°'4  {73'  C),  which,  even  when  the  peroiide  ia  preeent  in  large  eicess,  coo- 
taina  the  two  asbatances  in  a  proportion  which  may  be  repieaented  by  the^onnnla 
(jH,0,380,aNO^.— i*e6.  Anmil.  cit.  ai(5. 

N  1 
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by  the  injection  of  steam  at  a  pressure  of  about  lo  lb.  upon  the 
inch  by  means  of  jets,  c,  c,  c,  supplied  from  the  boiler,  e.  The 
nitric  acid  extricated  from  the  nitre  speedily  becomes  deoxidized 
by  the  sulphurous  anhydride  to  the  state  of  nitric  oxide  (3802-1- 
aHN03  +  2H30=2NO+3H2S04),  and  then  the  changes  already 
pointed  out  succeed  each  other  rapidly,  and  sulphuric  acid  is 
formed  in  large  quantity. 

In  a  properly  managed  chamber,  the  gases  which  pass  off  by 
the  exit  flue,  c,  consist  only  of  nitrogen  and  nitric  oxide,  the 
sulphurous  anhydride  and  oxygen  being  supplied  in  quantities 
just  sufficient  to  effect  their  mutual  condensation,  fresh  atmo- 
spheric air  entering  at  the  other  end  along  with  the  sulphurous 
anhydride. 

Gay-Lussac  has  taken  advantage  of  the  solubility  of  nitric 
oxide  in  oil  of  vitriol,  to  economize  the  consumption  of  nitre  in 
the  process,  which  upon  the  old  plan  amounts  to  from  one-eighth 
to  one-twelfth  of  the  weight  of  the  sulphur  consumed.  By  the 
<x)ntrivance  to  be  mentioned  immediately,  the  quantity  of  nitre 
formerlv  requisite  has  been  reduced  by  one-half,  or  even  by  two- 
thirds.  '  The  improvement  consists  in  conducting  the  spent  gases 
into  a  leaden  tower  filled  with  fragments  of  coke,  through  which 
a  stream  of  concentrated  sulphuric  acid  is  continually  trickling. 
"The  acid  thus  becomes  charged  with  the  nitrous  vapours,  and 
flows  off  at  the  bottom  of  the  tower  to  a  reservoir  from  which  it 
is  again  raised  by  a  forcing-pump  to  the  top  of  a  second  similar 
tower  at  the  entrance  of  the  chamber,  where  it  is  deprived  of  the 
nitrous  compounds  by  the  sulphurous  anhydride  as  it  enters  from 
the  fiimace. 

The  sulphuric  acid  which  collects  at  the  bottom  of  the  cham- 
l)ers  is  in  too  dilute  a  condition  for  sale :  it  is  not  found  advan- 
tageous to  allow  it  to  attain  a  degree  of  concentration  greater  than 
i'6o  in  the  chambers,  since  beyond  this  it  becomes  liable  to  absorb 
and  retain  the  nitrous  fumes.*  When  it  has  reached  a  specific 
gravity  of  about  i'6o,  it  is  sufficiently  strong  for  the  manufacture 
of  salt-cake,  but  it  requires  concentration  for  other  purposes : 
with  this  view  it  is  drawn  off  and  evaporated  in  shallow  leaden 
pans  till  it  has  acquired  a  density  of  1*720 ;  beyond  this  point  the 
<X)ncentration  cannot  be  carried  in  these  vessels,  because  the  tem- 
perature required  would  endanger  the  melting  of  the  leaden  pan 
And  its  corrosion  by  the  acid.     This  acid  of  sp.  gr.  1*720  forms 


•  The  crude  acid  of  sp.  gr.  i  '60  does  not  usually  contain  more  than  o*6  per 
cent  of  nitrous  acid  (Mr.  Allhasen). 
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the  Proton  acid  of  commerce ,-  it  is  estenaiTely  employed  in  the 
manufacture  of  the  so-called  supcrphoaphate  of  lime  for  raanure8> 
and  for  other  coarse  purposes.  When  required  in  a  still  more 
concentrated  form,  the  brown  acid  ia  transferred  into  glass  re- 
torts, or,  as  is  practised  iu  many  works,  into  platinum  stills; 
the  presence  of  nitrous  compounds  most  he  avoided  when 
phitinum  is  employed,  otherwise  the  metal  is  gradually  cor- 
roded; in  these  it  is  again  further  heated  until  white  fumes  of 
oil  of  vitriol  pass  over.  Beyond  this  point  it  is  useless  to  cany 
the  operatioD,  as  the  concentrated  acid  distils  over.  Indeed^ 
during  the  whole  operation  some  acid  passes  over  with  the 
wBter,  which  is  therefore  preserved,  and  returned  to  the  leaden 
chamber. 

The  acid  that  remains  in  the  retort  after  it  baa  thus  been 
btnled  down,  is  the  concentrated  oU  of  vitriol  of  commerce ;  it  is 
a  definite  compound,  consisting  of  HjSO^.  De  Marignac  {Ana. 
de  CAJMte,  III.  xxxix.  189)  finds  that  it  always  contains  a  slight 
eicesB  of  water  beyond  the  atomic  proportion  calculated  from  the 
fixmnla  HgO,SOg:  instead  of  18*36  per  cent,  of  water,  he  always 
obtained  i9'6z ;  and  a  similar  observation  was  made  by  Gay- 
Tiiiiiiii  Playfair  states  that,  if  the  concentration  of  the  acid  be 
effected  by  a  temperature  not  exceeding  500°  {260°  C),  the  true 
compoond  H^SO^  of  sp.  gr.  1*848  is  obtained;  but  if  heated  to 
ebullition,  it  is  partially  decomposed  in  the  manner  stated  by  De 
Uaiignac. 

Strength  of  Sulphuric  Acid  of  Different  Dentitiet  at  60° 
(150*5  C.)  (Ure). 
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The  preceding  table  gives  the  proportion  of  sulphuric  acid  con- 
tained in  solutions  of  the  densities  therein  mentioned.''^ 

(414)  HjSOp  sometimes  called  Protohydrate  of  Sulphuric 
Acid. — ^The  oil  of  vitriol  of  commerce  forms  a  dense^  oily-looking, 
colourless  liquid^  without  smelly  and  of  specific  gravity  1-842.  It 
is  intensely  caustic^  and  chars  almost  all  organic  substances^  from 
its  powerful  attraction  for  moisture.  With  water  it  mixes  com- 
pletely in  all  proportions,  and  the  mixture,  when  cold,  occupies 
less  bulk  than  the  two  liquids  did  when  separate.  Great  heat  is 
given  out  at  the  moment  the  mixture  is  made ;  the  dilution  should 
therefore  be  performed  gradually,  always  pouring  the  acid  into 
the  water,  not  the  water  into  the  acid.  So  powerful  is  the  attrac- 
tion of  the  acid  for  moisture,  that  if  it  be  exposed  in  a  shallow 
dish  to  the  air  for  a  few  days,  it  frequently  doubles  its  weight  by 
absorbing  aqueous  vapour  from  the  air.  In  the  laboratory,  advan- 
tage is  very  often  taken  of  this  property,  which  enables  it  to  be 
employed  in  a  variety  of  cases  as  a  desiccating  agent  {66  and  185). 
The  acid  of  commerce  is  sometimes  of  a  dark  brown  colour,  occa- 
sioned by  its  charring  action  on  fragments  of  organic  matter,  such 
as  straw  or  wood,  which  have  accidentally  fallen  into  it.  Sul- 
phuric acid  does  not  evaporate  at  the  ordinary  temperature  of 
the  air.  If  a  drop  of  the  diluted  acid  fall  upon  a  cloth,  the  water 
gradually  evaporates  until  the  acid  which  is  left  behind  acquires  a 
certain  degree  of  concentration.  On  approaching  a  fire  or  other 
source  of  heat,  a  further  portion  of  the  water  is  expelled,  and  the 
acid  becomes  more  concentrated,  until  it  chars  or  destroys  the 
cohesion  of  the  fibres ;  this  is  one  cause  of  the  destructive  action 
of  sulphuric  acid  upon  linen,  even  when  very  much  diluted. 

De  Marignac  finds  that  the  true  sulphuric  acid  (H^SOJ  when 
heated  emits  a  small  quantity  of  the  vapour  of  the  anhydride,  and 
the  remaining  liquid  boils  at  640^-4  (338°  C).  Bineau  states  that  just 
above  the  boiling-point  of  the  acid  the  vapour  has  a  sp.  gr.  of  2-15, 


*  Bineau  has  more  recently  made  a  careful  determination  of  the  strength  of 
sulphuric  acid  of  diflferent  densities  (Ann,  de  Chimie,  III.  xxiv.  341),  but  his 
results  differ  but  slightly  from  those  of  Ure,  as  may  be  seen  from  the  annexed 
table,  temp.  59''  (15°  C.) : — 


Specific 
gravity. 

H^SO^  in 
100  parts. 

Spedflc 
gravity. 

HjSO*  in            8p€ciflo 
ICO  parts.  .          Kfavity. 

H,S04  iu 
100  parts. 

1-842 
1-822 

1734 
1-615 

100 
90 

80 

70 

1           1-501 

1-398 
1-306 

1223         1 

60        1 

40 
30        . 

I-I44 
1-068 
1-032 

20 
10 

5 
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which  would  represent  2  volumes  of  the  anhydride  and  2  volumes 

of  steam  (i  atom  of  each)  condensed  into  the  space  of  3  volumes, 

but  it  continues  to  expand  by  heat  until  at  878°  (470°  C.)  an  atom 

of  the  compound   occupies  the  space  of  4  volumes,  which  would 

reduce  the  density  of  the  vapour  to  i'693.    This  by  some  chemists 

is  supposed  to  be  produced  by  the  separation  of  the  compoimd 

into  aqueous  vapour  and  anhydride  by  the  process  of  dissociation 

(see  note,  Part  I.  p.  103).     After  the  acid  has  been  frozen,  it 

melts  at  51®  (io°'5  C),  but  it  may  be  cooled   much  below  this 

point  without  solidifying.     On  dropping  into   the  cooled  acid  a 

crystal   of  the   acid  previously  frozen,   congelation   immediately 

occurs,  and  the  temperature  rises  to  51°.     The  concentrated  acid 

of  commerce  does  not  usually  freeze  till  it  has  been  cooled  to 

about  —29®  (""34°  C.);  but  when   frozen  it   does   not  become 

liquid  till  the  temperature  reaches  32°  (0°  C). 

(H,S0^3,0)  or  Second  Sydrate  of  Sulphuric  Acid, — If  water  be  added  to 
solphnric  acid,  until  the  denuity  is  reduced  to  1*78,  a  definite  hydrate  is  formed. 
It  freezes  at  47^  (8^*3  C),  and  crystallizes  in  splendid  rhombic  prisms,  the  sp. 
gr.  of  which  is  1*951 ;  from  this  property  it  is  often  termed  glacial  sulphuric 
acid.  According  to  Dalton,  it  boils  at  435°  (224^  C).  Graham  found  that 
this  hydrate  may  be  obtained  by  heating  a  more  diluted  acid  to  400^  (204^*5  C.) 
till  it  ceases  to  give  off  water. 

Another  hydrate  (H,S0^,2Hj0)  may,  according  to  Graham,  be  procured  by 
evaporating  a  dilute  acid  in  vacuo  at  100°  C,  till  it  ceases  to  lose  weight.  The 
density  of  this  hydrate  is  i'6^2,  and  its  boiling-point  is  348''  (^75°'5  ^O- 

(415)  Nordhausen  Sulphuric  Acid, — For  the  purpose  of  dis- 
solving indigo  in  the  process  of  dyeing  Saxony  blue,  an  acid  of 
stiU  higher  concentration  than  oil  of  vitriol  is  required.  Such  an 
acid  is  principally  prepared  at  the  town  of  Nordhausen,  in  Saxony, 
and  is  hence  known  as  Nordhausen  oil  of  vitriol.  The  old  name 
for  ferrous  sulphate  was  green  vitriol,  and  this  circumstance,  taken 
in  conjunction  with  the  oily  consistence  of  the  concentrated  acid, 
gave  rise  to  the  name  of  oil  of  vitriol,  by  which  the  concentrated 
acid  of  commerce  is  still  frequently  known,  and  which  is  con- 
venient as  distinguishing  it  from  more  diluted  acids.  In  preparing 
the  Nordhausen  acid,  ferrous  sulphate  is  dried  at  a  moderate 
heat  to  expel  its  water  of  cr}'stallization,  and  is  then  distilled  in 
earthen  retorts ;  a  dense,  brown,  fuming  liquid  passes  over,  of 
sp.  gr.  about  1-9. 

(416)  Sulphuric  Anhydride  {S0^= So) ;  ReLwt.40;  Mol.VoL 
;  I  '. — If  this  fuming  Nordhausen  acid  be  placed  in  a  glass  re- 
tort, furnished  with  a  receiver  which  is  kept  cool  by  ice,  and  a 
gentle  heat  be  applied  to  the  retort,  white  fumes  pass  over,  which 
solidify  into  a  white,  silky-looking  fibrous  mass.  This  is  the  com- 
pound formerly  called  anhydrous  sulphuric  add.     The  remainder 
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in  the  retort,  after  all  the  anhydride  is  expelled,  consists  of  ordi- 
nary oil  of  Titriol.  Sulphuric  anhydride  may  also  be  obtained 
fipom  the  hydro-sodic  siilphate  (NaHSOJ,  which  melts  at  a  dull 
red  heat,  and  is  deprived  of  its  hydrogen  in  the  form  of  water ; 
after  which,  if  distilled  in  an  earthen  retort,  it  yields  white 
ftimes  of  the  anhydride,  whilst  disodic  sulphate  remains  in  the 
retort: — 

iNB.HSO^=l^n^SO^SO^+Ilfi,  and 

Na3SO^SOs=Na2S04+  SOj. 

The  anhydride  forms  with  oil  of  vitriol  a  compound  (H^SO^SO^ 
that  crystallizes  in  plates  which  ftise  at  95®  (35°  C). 

Sulphuric  anhydride,  however,  possesses  no  acid  properties. 
It  is  tough,  ductile,  and  can  be  moulded  in  the  fingers,  like  wax, 
without  charring  the  skin.  It  ftunes  in  the  air,  and  is  very  deli- 
quescent :  when  thrown  into  water  the  heat  emitted  is  so  intense 
that  it  hisses  as  a  hot  iron  would  do.  The  solution  has  all  the 
properties  of  ordinary  sulphuric  acid.  The  anhydride  melts  at 
65®  (i8°-3  C),  and  boils  at  about  110°  (43°'3  C.),  forming  a  colour- 
less vapour,  which,  if  passed  through  ignited  porcelain  tubes,  is 
decomposed  into  2  volumes  of  sulphurous  anhydride  and  i  of 
oxygen ;  1  volume  of  sulphur  vapour  and  3  of  oxygen  being  con- 
densed in  the  anhydride  into  the  space  of  2  volumes  of  vapour. 
The  specific  gravity  of  this  vapour  was  found  by  Mitscherlich  to 
be  3'oi,  or  somewhat  higher  than  its  calculated  amount,  which  is 
2764 :  for 

B J  weight.  By  Tolnme.  8p.  gr. 

Sulphur    ...        S    =    33    or    40        i     or    0*5    =     1*1056 
Oxygen     ...        O3  =    48  60        3  1*5     =     1*6584 

Sulphuric      I  SO3    =    80         100        2  I     =     2*7640 

annydnde  ) 

Aooording  to  De  Marignac,  sulphuric  anhydride  exists  under  two  modifications 
one  of  which  melts  at  about  65°  (18^*3  C.),and  is  produced  by  distillation,  or  by 
fusion  at  a  high  temperature ;  but  when  once  it  has  been  solidified,  it  passes 
lapidly  into  the  other  form,  which  melts  near  212^  at  which  temperature  it  is 
slowly  volatilized,  and  becomes  reconverted  into  the  first  variety.  Sulphuric 
anhydride  in  some  cases  combines  with  the  anhydrous  bases ;  if  its  vapour  be 
passed  over  baryta  heated  to  the  point  of  redness,  the  two  combine  with  incan- 
descence, and  baric  sulphate  is  formed.  Mercury  when  heated  in  the  vapour,  is 
converted  into  mercuric  sulphate  with  liberation  of  sulphurous  anhydride.  Phos- 
phorus takes  fire  in  its  vapour,  setting  sulphur  free. 

Sulphuric  anhydride  combines  with  sulphur,  forming  solutions  which  have  a 
brown,  green,  or  blue  colour,  according  to  the  proportion  of  sulphur ;  the  blue 
compound  containing  the  smallest  proportion.  It  likewise  dissolves  iodine,  and 
with  one-tenth  of  its  weight  of  iodine  forms  a  green  crystalline  compound.  It 
also  combines  with  hydrochloric  acid,  and  forms  a  liquid  termed  chhrhydrosuU 
phuric  acid  (HC1,80J,  which  boils  at  293°  (145**  C),  and  is  decomposed  by 
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Williamson  obtained  it  by  the  action  of  phosphoric  chloride  upon  8iil« 
phuric  add;  H^^  +  PQ,  =  HC1,S0,  +  Ha  +  POCl, ;  hydrochloric  acid  and 
phosphoric  oxytrichloride  being  formed  at  the  same  time. 

We  are  therefore  acquainted  with  the  following  definite  com- 
pounds of  sulphuric  anhydride  with  water ;  starting  with  the 
anhydride : — 


HTdnto. 

Formula. 

FnaiDg  point. 

1 

BoiUog  point. 

1 

Sp«eiflo 
gravity. 

-oo. 

^F. 

^«c. 

°P. 

Soh^nric  anhydride   ... 
Anhydio-snlphorio  acid 

OilofTitriol 

CHaeial  add     

Graham's  hydrate 

SO, 
H^4,S03 

H^4 
H3^04,2H20 

18.3 

8-3 

65 

95 
51 
47 

338 
224 

176 

640 

435 
348 

1-848 
1-780 
1-632 

Uses. — ^The  applications  of  sulphuric  acid  in  the  arts  are  very 
nnmerous.  Immense  quantities  of  it  are  consumed  in  the  manu- 
hctare  of  sodic  sulphate  as  a  preliminary  process  in  making  sodic 
carbonate ;  and  it  is  in  constant  requisition  for  the  preparation  of 
nitric^  hydrochloric^  and  other  volatile  acids.  Its  applications  in 
the  laboratory  are  too  numerous  to  be  specified. 

(417)  Impurities  common  in  the  Commercial  Acid. — The  oil  of 
▼itriol  of  commerce  is  never  pure :  it  always  contains  lead,  derived 
finom  the  vessels  in  which  it  is  made.  The  greater  part  of  the 
plumbic  sulphate  is  precipitated  as  a  white  powder  when  the  acid 
is  diluted.  It  is  also  frequently  contaminated  with  arsenious  acid^ 
derived  from  the  pyrites :  the  diluted  acid  in  this  case  gives  a 
ydlow  precipitate  when  exposed  to  a  current  of  sulphuretted 
hydrogen  gas.  The  arsenic  is  still  more  easily  recognized  by  what 
is  termed  Marsh's  test,  which  will  be  described  under  the  head  of 
anenic  (846).  On  the  lai^e  scale  this  impurity  is  efiFectually  re- 
moved by  adding  a  small  quantity  of  baric  sulphide  to  the  acid ; 
orpiment  (AsgSj)  and  baric  sulphate  are  formed ;  they  are  both 
insoluble  in  the  acid,  and  may  be  separated  by  subsidence  and  de- 
cantation.  The  greater  part  of  the  arsenious  acid  may  also  be 
got  rid  of  by  adding  hydrochloric  acid  and  boiling  the  liquid, 
when  the  arsenic  is  expelled  in  the  form  of  arsenious  chloride 
with  the  excess  of  hydrochloric  acid.  Nitric  acid  and  some  of 
the  lower  oxides  of  nitrogen  are  also  often  present :  a  strong  solu- 
tion of  green  vitriol  in  water,  Avhen  added  to  the  undiluted  acid, 
shows  the  presence  of  these  impurities  by  striking  a  cha- 
racteristic purplish-red  colour  at  the  point  of  contact  of  the  two 
liquids.  Sulphurous  acid  may  likewise  sometimes^  be  detected  in 
the  acid,  as  may  also  hydrochloric  acid  and  potassic  sulphate. 
•   When  required  in  a  pure  form,  the  acid  must  be  re-distilled 
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with  a  little  amnionic  sulphate ;  this  salt  decomposes  any  nitrous 
acid  which  may  be  present  (p.  112).  The  distillation  requires  to 
be  conducted  with  much  care,  as  the  boiling  takes  place  with 
Tiolent  concussions  and  sudden  bursts  of  vapour:  the  danger 
may  be  avoided  by  distilling  it  from  freshly  broken  crystals  of 
quartz ;  or  by  using  a  gas-burner  in  the  form  of  a  large  ring,  so  aa 
to  apply  heat  to  the  sides  only  of  the  retort,  in  which  case  the 
insoluble  matters  collect  at  the  bottom,  whilst  the  ebullition  takes 
place  tranquilly  from  the  sides. 

(418)  Sulphuric  acid  in  its  concentrated  form  acts  but  feebly 
upon  metallic  bodies  in  the  cold,  but  when  boiled  upon  them  it 
in  some  cases  undergoes  decomposition  :  even  silver  is  dissolved 
by  it,  sulphurous  anhydride  being  formed,  whilst  the  sulphate  of 
the  metal  is  dissolved  in  the  excess  of  sulphuric  acid ;  for  ex- 
ample, Agg  -f  3H2S04= AggSO^  -f  SO3  -h  2,Up.  Copper,  mercury, 
arsenicum,  antimony,  bismuth,  tin,  lead,  and  tellurium  are  acted 
upon  by  the  acid  in  a  similar  manner.  Gold,  platinum,  rhodium, 
and  iridium  are  not  acted  upon  by  sulphuric  acid  even  when  boiled 
with  it.  The  more  oxidizablc  metals  are  dissolved  by  this  acid  when 
diluted  with  water,  hydrogen  being  liberated,  whilst  the  metal 
unites  with  sulphion  (SOJ,  forming  a  sulphate :  zinc,  iron,  cobalt, 
nickel,  and  manganese  are  acted  upon  in  this  way.  The  acid  is 
also  decomposed  when  boiled  with  charcoal  or  with  sulphur,  sul- 
phurous anhydride  being  evolved. 

Sulphates. — Sulphuric  acid  is  at  common  temperatures  the 
most  energetic  of  the  acids,  displacing  from  their  salts  all  acids 
which  boil  at  a  lower  temperature  than  itself.  The  salts 
formed  by  this  acid  are  termed  sulphates.  With  the  alkalies 
it  forms  acid  salts,  such  as  acid  sulphate  of  potassium,  or  hydro- 
potassic  sulphate  (KHSOJ  :  in  a  few  instances  basic  salts,  such  as 
the  basic  sulphate  of  copper  (CuSO^aCuHgOg),  may  be  formed. 
Many  of  the  sulphates  occur  native,  and  constitute  important  and 
well-known  minerals,  such,  for  instance,  as  gypsum  {CaSO^aH„0), 
and  the  sulphates  of  barium,  strontium,  and  lead.  Some  are 
formed  by  the  spontaneous  or  artificial  oxidation  of  the  sulphides, 
as,  for  instance,  the  sulphides  of  iron  and  copper,  which,  by  ex- 
posure to  the  weather,  or  by  roasting,  can  furnish  the  sulphates 
of  the  metals.  The  soluble  sulphates  of  the  metals  may  be  readily 
prepared  by  dissolving  in  diluted  sulphuric  acid  either  the  metal 
itself,  or  its  oxide  or  carbonate  in  cases  in  which  the  metal  is  not 
readily  attacked  by  the  acid.  The  insoluble  sulphates,  such  as 
those  of  barium  and  lead,  may  be  obtained  by  precipitating  a 
soluble  salt  of  the  metal  by  means  of  some  soluble  sulphate,  such 
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as  sodic  sulphate.  Many  of  the  sulphates  arc  formed  as  residues 
during  the  preparation  of  the  volatile  acids  by  the  action  of  sul- 
phuric acid  on  their  salts.  Potassic  sulphate  is  thus  obtained 
during  the  preparation  of  nitric  acid  from  saltpetrie,  sodic  sul- 
phate as  a  residue  from  common  salt  in  the  manufacture  of  hydro- 
chloric acid^  and  so  on.  The  sulphates  of  potassium^  barium, 
strontium,  lead,  silver,  and  both  mercurous  and  mercuric  sulphate, 
are  anhydrous.  Calcic  sulphate  (gypsum)  contains  CaSO^aHjO. 
The  sulphates  of  zinc,  magnesium,  iron,  cobalt,  and  nickel,  usually 
crystallize  with  7HjO ;  but  the  number  of  atoms  of  water  in  these 
salts  is  often  smaller  if  the  solution  be  allowed  to  crystallize  at 
a  high  temperature,  the  proportion  of  water  being  sometimes  5, 
at  others  4,  and  imder  some  circumstances  as  low  as  aH^O.  The 
sulphates  of  the  group  isomorphous  with  magnesic  sulphate  con- 
tain I  atom  of  water  which  admits  of  displacement  by  an  atom 
of  some  anhydrous  sulphate,  such  as  potassic  sulphate  or  ammonic 
sulphate:  peculiar  double  salts  are  thus  formed,  which  retain 
6  atoms  of  water  of  crjrstallization,  but  these  double  salts  are  still 
isomorphous  with  magnesic  sulphate  (555).  Cupric  sulphate  crys- 
tallizes with  5H3O,  but  it  forms  double  salts  containing  611  fi : 
such  as  (CuSO^KjS0^6H20)  isomorphous  with  those  just  men- 
tioned. Sodic  sulphate  crystallizes  usually  as  (NajSO^ioHgO), 
but  it  exhibits  some  singular  anomalies  (586). 

Neither  plumbic  sulphate  nor  the  sulphates  of  the  metals  of 
the  alkalies  and  alkaline  earths  are  decomposed  when  heated  to 
redness,  except  magnesic  sulphate,  which  loses  its  acid  partially; 
the  sulphates  of  zinc,  cadmium,  nickel,  cobalt,  copper,  and  silver 
require  an  intense  heat  to  decompose  them ;  but  the  other  sul- 
phates part  with  their  acid  without  diflSculty  when  strongly 
ignited.  When  heated  with  charcoal  the  sulphates  are  all  decom- 
posed; those  of  the  metals  of  the  alkalies  and  alkaline  earths 
being  converted  into  sulphides :  these  sulphides,  when  moistened 
with  hydrochloric  acid,  evolve  sulphuretted  hydrogen.  Baric 
sulphate  may  be  easily  recognized,  even  in  small  quantity,  if, 
after  having  been  mixed  with  a  little  charcoal  and  folded  in  a 
piece  of  platinum  foil,  it  is  heated  in  the  flame  of  the  blowpipe ; 
BaS0^+4C=BaS-f 4CO;  the  carbonic  oxide  escaping  as  gas; 
the  l^c  sulphide,  when  moistened  with  hydrochloric  acid,  is 
converted  into  baric  chloride,  and  evolves  hydrosulphuric  acid ; 
BaS4-2Ha=BaCl2-f  HgS.  The  sulphates  of  the  metals  of  the 
alkalies  and  alkaline  earths  may  also  be  converted  into  sulphides 
by  heating  them  to  redness  in  a  glass  or  porcelain  tube,  and 
transmitting  a  current  of  dry  hydrogen  gas  over  them.     In  this 
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way  potassic  sulphate  is  reduced  without  diflBiculty  to  sulphide, 
water  being  formed ;  KgSO^ + 4H2 = KgS  4-  4HgO. 

Sulphuric  acid  is  dibasic.     The  composition  of  some  of  the 
more  important  sulphates  is  shown  in  the  following  list : — 


<3eneiral  fonnal». 

Neutral  salt  ... 

••• 

••« 

... 

M^SO^ 

Acid  salt 

... 

••• 

... 

MHSO4 

Doable  salt    ... 

.  •  • 

..  • 

... 

M'MS04 

Potassic  sulphate 

... 

••• 

« •  • 

K3SO4 

Sodic          „ 

... 

*•• 

... 

Na2S04,ioHjO 

Hydro-potassio  sulph  ate 

(bisulphate) 

KKRO4 

Ammonio  sulphate 

••• 

•*• 

(H,N)^04 

Calcic            „ 

*• . 

.  •  • 

CaS04,2H«0 

Baric             „ 

••• 

... 

BaSO^ 

Strontic         „ 

... 

.  •  • 

SrSO^ 

Plumbic        „ 

... 

•  •  • 

PbSO^ 

Argentic       „ 

••• 

.  • . 

AggSO^ 

Maguesio      „ 

... 

... 

MgSO^sTHjO 

Zincic            „ 

... 

... 

ZnS04,7H20 

Ferrous         „ 

••• 

... 

FeS04,7H20 

Ck)balt 

... 

••• 

CoS04,7H,0 

Cupric          „ 

... 

•.. 

CuS04.5HjO 

Aluminic      „ 

... 

... 

Al23S04,i8H20 

Potash-alum 

••. 

••. 

i:AlaS04,i2H20 

Cuprico-dipotassic  sulphate  ... 

.*  • 

CuS04,X^S04,6HjO 

Basic  sulphate  of  copper 

■.• 

. .  • 

CuS04,3CuH303 

Tests. — Sulphuric  acid  and  its  salts  are  easily  recognized 
when  in  solution  by  the  white  precipitate  of  baric  sulphate  which 
is  formed  on  the  addition  of  baric  nitrate ;  this  precipitate  is  very 
insoluble  in  nitric  acid.  A  white  precipitate  of  plumbic  sulphate^ 
nearly  as  insoluble  as  baric  sulphate^  is  formed  on  adding  a 
soluble  salt  of  lead  to  a  solution  containing  sulphuric  acid  or  a 
sulphate.  The  sulphates  of  strontium^  calcium^  and  silver  are  but 
sparingly  soluble  in  water ;  the  others  are  readily  soluble ;  nearly 
all  the  sulphates  are  insoluble  in  alcohol^  unless  a  large  excess  of 
add  be  present.  The  sulphates  which  are  insoluble  in  water  and 
in  acids  may  be  entirely  decomposed  by  fusion  with  an  excess  of 
sodic  or  potassic  carbonate^  a  sulphate  of  the  alkali-metal  being 
formed^  which  may  be  dissolved  by  water^  whilst  an  insoluble 
carbonate  of  the  other  metal  is  left.  A  solution  of  either  potassic 
or  sodic  carbonate^  when  boiled  with  the  insoluble  sulphates^  pro- 
duces a  similar  but  less  complete  decomposition. 

(419)  Hyposulphurous  Acid;  H2SjjH304=I3jz. — Of  the  re- 
maining acids  of  sulphur^  the  only  one  of  any  practical  importance 
is  the  hyposulphurous  or  dithionous  acid.    Its  sodium  salt  has  been 
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largely  employed  in  the  fixing  of  photograpliic  pictures.  This 
application  has  arisen  from  the  power  possessed  by  this  compound 
of  dissolving  those  argentic  haloid  salts  which  are  insoluble  in 
water,  forming  with  them  soluble  double  salts ;  the  surface  of  the 
photograph  is  freed  from  the  unaltered  argentic  compound  by 
inunersion  in  a  solution  of  the  hyposulphite,  wlnlst  the  portion 
which  has  been  blackened  by  light  is  left  unacted  upon ;  if,  after 
this  operation,  the  picture  be  well  washed  with  water,  it  is  no 
longer  liable  to  alteration  by  exposure  to  light. 

Besides  its  application  in  photography,  the  sodic  hyposulphite 
is  employed  to  a  considerable  extent  as  an  antichlore,  for  remoYiug 
the  last  traces  of  chlorine  from  the  bleached  pulp  employed  in 
paper-making ;  and  it  has  been  proposed  by  Percy  as  a  solvent 
in  the  separation  of  argentic  chloride  for  metallurgical  purposes. 

Boee  states  that  none  of  the  hyposulphites  can  be  obtained  in 
the  anhydrous  form,  all  of  them  retaining  at  least  i  atom  of  water 
which  cannot  be  expelled  without  completely  decomposing  the 
salt,  so  that  their  true  formula  should  be  M'jSgHjO^ ;  that  of  the 
barium  salt,  for  instance,  instead  of  being  Ba''S203,H20,  should 
be  Ba^'SjHjO^. 

If  zinc  filings  be  digested  in  a  solution  of  sulphurous  acid,  the 
metal  is  dissolved  without  any  extrication  of  gas  ;  it  is  oxidized  at 
the  expense  of  a  portion  of  the  sulphurous  acid,  and  a  mixture  of 
zincic  sulphite  and  hyposulphite  is  found  in  solution : — 

SalphoTOiu  Zincio  Zinoio 

Mid.  hjposalphite.  sulphite. 


aZn  +  3H2SO3  =  ZnSjjHoO^  -f  ZnSOj  +  aH,0. 

Sodic  hyposiUphite  {hyposulphite  of  soda ;  NagSgHgO^HgO ; 
8p.  Gr.  1*672),  is  manufactured  to  some  extent  from  impure 
sulphide  of  sodium  (prepared  by  fusing  together  in  a  covered 
cmcible  equal  weights  of  sodic  carbonate  and  powdered  sulphur, 
or  by  converting  sodic  sulphate  into  sulphide,  by  calcining  the 
sulphate  with  carbon),  by  transmitting  through  a  solution  of  it, 
a  stream  of  gaseous  sulphurous  anhydride  until  it  ceases  to  be 
absorbed ;  the  liquid  is  then  filtered  and  evaporated ;  sodic  hjrpo- 
flulphite  crystallizes  in  bold  striated  rhombic  prisms,  terminated 
by  oblique  faces.  A  still  better  plan  consists  in  digesting  a 
solution  of  sodic  sulphite  on  powdered  sulphur ;  the  sulphur  is 
gradually  dissolved  and  forms  a  colourless  solution,  which  on 
evaporation  yields  crystals  of  sodic  hyposulphite,  i  atom  of 
sulphur  and  i  of  water  combining  with  i  atom  of  sodic  sulphite ; 
Na^SOj  +  H3O  +  S  becoming  Na^SgHgO^.  When  heated  in  closed 
vessels  the  hyposulphite  first  loses  water,  and  is  then  resolved  into 
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sodic  sulphate  and  pentasulphide ;  4Na3S2H20^=4HgO+3Na2S04 
+Na2S,. 

The  hyposulphites  of  calcium  and  strontium  (CaS2H20^5H30 
and  SrSjgHjO^H^O)^  may  be  prepared  by  transmitting  snlphnrous 
acid  through  the  sulphides  of  calcium  and  strontium  suspended 
in  water ;  their  solutions  are  decomposed  below  the  temperature 
of  212^  into  free  sulphur  and  sulphites  of  the  earths. 

Calcic  hjrposulphite  is  formed  spontaneously  in  large  quantity 
in  the  refrise  lime  from  the  gas-works^  and  in  the  refuse  from  the 
ball  soda  of  the  alkali  works ;  they  consist  chiefly  of  a  mixture  of 
calcic  sulphide  with  lime  and  calcic  carbonate^  and  are  now  em- 
ployed as  valuable  sources  of  sodic  hyposulphite^  which  is  readily 
obtained  from  them  by  double  decomposition  with  sodic  carbonate. 

Baric  hyposulphite  (BaS^H^OJ  may  be  obtained  in  small 
brilliant  crystals  by  mixing  dilute  solutions  of  baric  chloride  and 
sodic  hyposulphite.  It  is  impossible^  however,  to  obtain  the  acid 
in  the  form  of  a  hydrate  either  frt)m  this  or  from  any  of  its 
salts ;  when,  for  example,  sulphuric  acid  is  added  to  baric  hypo- 
sulphite^ baric  sulphate  is  precipitated';  but  if  the  solution  be 
filtered,  the  clear  liquid  speedily  becomes  milky  from  the  separa- 
tion of  sulphur,  and  the  odour  of  sulphurous  anhydride  is  emitted ; 
HgSjHgO^  becoming  decomposed  into  S  +  SOj  4-  aH^O. 

The  soluble  hyposulphites  are  easily  recognized  by  the  facility 
with  which  they  dissolve  argentic  chloride,  forming  the  argento- 
sodic  hyposulphite,  which  yields  a  solution  of  an  intensely  sweet 
taste;  AgCl+Na2S2H204=NaCl-fNaAgS3H30^.  Solutions  of 
the  hyposulphites  give  a  Avhite  precipitate  of  plumbic  hypo- 
sulphite in  solutions  of  the  salts  of  lead  ;  this  precipitate,  however, 
becomes  decomposed  and  blackened  if  dried  at  aia°,  owing  to  its 
partial  conversion  into  plumbic  sulphide ;  a  solution  of  mercurous 
nitrate  is  immediately  decomposed  by  a  solution  of  the  hyposul- 
phites at  ordinary  temperatures  in  a  similar  manner,  the  black 
sulphide  of  mercury  being  deposited.  These  salts  also  give  a 
brown  precipitate,  consisting  of  cupric  sulphide,  when  heated 
with  a  solution  of  a  cupric  salt  acidulated  with  hydrochloric  acid. 
An  alcoholic  solution  of  iodine  is  rendered  colourless  by  admix- 
ture with  an  excess  of  hyposulphite,  a  tetrathionate  of  the  metal 
being  produced  (42a). 

AurO'trisodic  hyposulphite,  or  Hyposulphite  of  gold  and 
sodium  (AuNa32S2H20J  is  used  for  gilding  the  daguerreotype 
plate,  and  for  colouring  the  positive  proof  obtained  in  photo- 
graphic printing.  It  may  be  prepared  in  a  state  of  purity  by 
mixing  concentrated  solutions  of  i  part  of  auric  chloride  and  3 
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parts  of  sodic  hyposulphite :  sodic  chloride,  sodic  tetrathionate, 
and  hyposulphite  of  sodium  and  gold  being  formed :  on  the  addi- 
tion of  alcohol  the  latter  salt  is  precipitated ;  the  precipitate  must 
be  redissolved  in  a  small  quantity  of  water,  and  again  precipi- 
tated by  alcohol.  It  crystallizes  in  groups  of  colourless  needles, 
which  are  very  soluble  in  water,  but  insoluble  in  alcohol.  It 
may  be  mixed  with  diluted  sulphuric  or  hydrochloric  acid  without 
the  evolution  of  sulphurous  acid.  The  formation  of  this  double 
salt  is  explained  by  the  following  equation  (Pordos  and  Gelis, 
An7i.  de  Chimie,  III.  xiii.  399) : — 

Sodk  Auric  Sodio  Anro-trisodio  Sodio 

hjpcMulplute.  chloride,     tetnthionate.  hTposolphite.  chloride. 

4NsL^S^llfi^ + AuClg = NaoS^Og  -f  AuNagaSgH^O^  4-  3NaCl  +  aH^O. 

(420)  Hyposulphfbic  Acid  :  Dithionic  add ;  Dihydric  dithioncUe ; 
H,SjOj=i62. — This  acid  is  more  stable  than  the  hyposulphurous  acid,  and 
may  be  obtuned  in  solution  in  water.  If  sulphuroas  anhydride  be  transmitted 
through  water  in  which  finely  divided  peroxide  of  manganese  is  suspended,  the 
gas  is  rapidly  absorbed,  and  if  the  liquid  be  kept  cool,  manganous  hyposulphate 
is  formed ;  MnO,  +  2SO2,  yielding  MnSjO^.  If  the  temperature  be  allowed  to 
rise,  manganous  sulphate  is  formed  instead  ;  MnO,  +  SO,,  becoming  MnSO^.  It 
is  difficult  to  prevent  the  formation  of  a  little  of  the  latter  salt,  but  the  two  salts 
are  easily  separated;  by  adding  baryta-water  manganese  is  precipitated  as 
hydrated  protoxide,  and  baric  sulphate  and  hyposulphate  are  formed ;  MnSO^  + 
MnS,0,  +  2BaH,0,  =  BaSO^  +  BaS,0,  +  2MnH,0,.  The  baric  hyposulphate, 
being  soluble,  may  be  separated  from  the  insoluble  baric  sulphate  by  filtration, 
and  it  may  be  obtained  in  prismatic  efflorescent  crystals  (BaS20,^.H,0)  by  eva- 
poration below  41°  (j^  C.) :  at  higher  temperatures  it  yields  permanent  crystals, 
with  only  2  atoms  of  water,  which  belong  to  the  oblique  system.  By  the  cautious 
addition  of  diluted  sulphuric  acid  to  its  solution,  until  a  precipitate  ceases  to  be 
formed  on  the  addition  of  a  drop  of  sulphuric  acid,  hyposulphuric  acid  is  liberated, 
and  may  be  filtered  from  the  baric  sulphate. 

Many  double  hyposulphates  may  be  obtained,  such  as  the  bario-disodic  hypo- 
sulphate (BaNa^2S,0,,4H,0),  and  the  corresponding  silver  salt  (AgNaS,0^,2H,0). 

The  hypo6i:dphates  are  all  soluble  in  water.  The  solid  salts  when  heated 
emit  sulphurous  anhydride,  whilst  a  sulphate  of  the  metal  remains  behind. 
When  in  solution  they  may  be  oxidized  at  a  boiling  heat  by  chlorine  or  by  nitric 
acid,  and  two  atoms  of  sulphuric  acid  are  formed;  2H,S,0j  +  2Kfi  +  0,  =  4H,S0^. 
In  the  cold,  they  present  no  appearance  of  decomposition  when  treated  with  sul- 
phuric acid,  but  if  heated  with  it,  sulphurous  anhydride  is  evolved,  but  no  de- 
posit of  sulphur  occurs.  These  reactions  distinguish  the  hyposulphates  from 
both  the  sulphites  and  hyposulphites. 

(421)  Tbithionic  Acid;  Dihydric trithionate :  (H,S,Oj=  194.) — ^If  a 
saturated  solution  of  hydro-potassic  sulphite  (EHSO,)  be  digested  on  powdered 
sulphur  for  three  or  four  days,  till  the  yellow  colourwhich  the  liquid  acquires  at  first 
has  disappeared,  sulphurous  anhydride  gradually  escapes  and  potassic  trithionate 
(E,S,OJ  is  fi^rmed.  It  crystallizes  in  anhydrous  four-sided  prisms,  terminated 
by  dihedral  summits.  A  solution  of  the  salt  gives  a  black  precipitate  with  mer« 
carous  nitrate,  and  a  white  with  the  mercuric  nitrate ;  with  argentic  nitrate  it 
gives  a  yellowish-white  precipitate,  which  soon  becomes  black.    Potassic  trithio* 
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naie  may  be  decomposed  by  means  of  tartaric  acid,  and  the  liberated  txithionic 
acid  has  even  been  obtained  in  prismatic  crystals,  but  its  solution  gradually  un- 
dergoes spontaneous  decomposition  into  sulphur  and  sulphurous  and  sulphurio 
acids ;  H,0  +  H.S,0,  =  S  +  H,SO,  +  H,SO,.  When  the  trithionates  axe  heated 
in  a  closed  tube,  sulphur  is  sublimed,  sulphurous  anhydride  is  expelled,  and  sul- 
phate of  the  metal  is  left. 

(422)  Tetbathionic  Acid;  Dihydric  Utrathionate ;  (H,8^0g  =  226).— 
When  baric  hyposulphite  is  suspended  in  water,  and  iodine  is  added,  baric  iodide 
is  formed,  and  a  new,  sparingly  soluble  salt,  baric  tetrathionate,  is  separated  in 
hydrated  crystals  which  contain  2  atoms  of  water : — 2BaSjH,0^  +  ■'^j  =  ^*^  "*■ 
BaS^0^,2H«^0.  The  tetrathionate  is  purified  by  reciystallization ;  and  from  a 
solution  of  this  salt  a  pure  solution  of  tetrathionic  acid  may  be  prepared  by  the 
addition  of  a  quantity  of  sulphuric  acid  just  sufficient  to  precipitate  the  whole  of 
the  barium ;  tiie  acid  may  be  concentrated  in  vclcuo  over  sulphuric  acid.  By 
boiling  the  solution,  sulphur  is  deposited,  sulphurous  anhydride  escapes,  and  sul- 
phurio acid  remains  in  the  liquid. 

(423)  Pentathionic  Acid  :  H,SjOg  =  258. — ^A  solution  of  sulphurous  add 
is  decomposed  by  transmitting  through  it  a  current  of  sulphuretted  hydrogen ; 
sulphur  is  deposited,  and  a  new  acid  remains  in  the  liquid ;  ioH,SO,  +  loH^S  = 
26,8^0^  "^  5^9  '^  i8H,0.  It  is  very  unstable :  tetrathionic  and  trithionic  adds 
are  formed  by  the  decomposition  of  its  solution,  attended  with  a  deposition  of 
sulphur.  Baric  pentathionaie  (BaSjO^,2H,0)  may  be  obtained  in  silky  scales 
by  neutralizing  the  acid  with  baryta-water,  and  precipitating  the  salt  from  its 
aqueous  solution  by  the  addition  of  alcohol :  mercurous  nitrate  gives  a  yellow 
precipitate  in  its  solution ;  and  argentic  nitrate  a  yellow  precipitate,  which  quickly 
becomes  decomposed  and  turns  black. 

Tests  for  the  Acids  of  Sulphur. — The  action  of  sulpliiiric  acid 
upon  the  salts  of  the  various  oxy-acids  of  sulphur^  affords  a  simple 
means  of  distinguishing  between  several  of  these  different  classes 
of  salts.  When  concentrated  sulphuric  acid  is  poured  upon  the 
sulphates,  it  evolves  no  odour,  even  when  heated  with  them.  The 
sulphites,  even  in  the  cold,  yield,  with  diluted  sulphuric  acid,  an 
odour  of  sulphurous  acid.  The  hyposulphates  emit  no  odour  of 
sulphurous  acid  with  diluted  sulphuric  acid  in  the  cold,  but  evolve 
sulphurous  acid  by  the  aid  of  heat :  whilst  diluted  sulphuric  acid 
produces  with  the  hyposulphites,  even  in  the  cold,  an  odour  of 
sulphurous  acid  attended  with  a  deposit  of  sulphur. 

(424)  Bulphuryl  Chloride,  or  Chlorosulphuric  Acid  (80^01,)  =  135;  8p, 
Or.  oflAquid,  i*66;  of  Vapour,  theoretiCf  ^'66^1  observed,  ^"]o^»,  MoL  Vol, 
I  .'  t ;  J^el.  tct,  67*5;  Boiling-pt,  i*j&^'6  (77°  C.). — If  equal  measures  of  sul- 
phurous anhydride  and  chlorine,  both  perfectly  dry,  be  mixed  together,  no  change 
occurs  in  diffused  daylight,  but  under  the  influence  of  bright  sunshine  they  unite 
and  become  condensed  into  a  colourless  liquid,  with  an  extremely  pungent  odour, 
and  an  irritating  effect  upon  the  eyes.  It  may  be  obtained  more  easily  by  dis- 
tilling an  intimate  mixture  of  phosphoric  chloride  or  of  phosphoryl  chloride  with 
plumbic  sulphate;  plumbic  phosphate  and  sulphuryl  chloride  being  formed 
(Carius) ;  the  reaction  with  the  phosphoryl  chloride  being  as  follows ; 
3PbS0,  +  2POCI,  =  Pb,,2P0^  +  3^0JC\^.  This  substance  ought  not  to  be  called 
an  acid,  for  it  does  not  form  any  peculiar  class  of  salts.     It  may  be  distilled 
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wnrhanged  firom  caustic  lime  or  baryta ;  bat  by  admixture  with  water  it  is  im- 
mediately decomposed  into  sulphuric  and  hydrochloric  acids ;  SO^Cl,  +  2H,0  = 
H^SO^  4-  2HCI.  An  analogous  compound  (SO^I,)  may  be  formed  with  iodine. 
Tlieee  bodies  were  considered  by  H.  Bose  and  by  Berzelius,  as  compounds  of 
nilphniic  anhydride  with  chloride  or  iodide  of  sulphur;  380,012  =  2 S0,,SC1^; 
bat  tfaey  prolobly  are  to  be  regarded  as  bodies  formed  on  the  type  of  sulphuric 
anbydiidey  and  containing  2  atoms  of  chlorine  or  of  iodine  in  place  of  the  third 
atom  of  oxygen.  By  transmitting  the  vapours  of  sulphuric  anhydride  into 
diloride  of  sulphur  cooled  by  a  freezing  mixture,  Rose  obt^ed  a  fuming,  oily* 
looidng  compound  (80^80,01, ;  fp.  gr.  of  liquid,  i  'SiS ;  qf  vapour,  4*481), 
which  boils  at  293**  (145°  0.). 

(425)  KiTBOSULFHXTBio  AciD  (H,S0,2N0  =  142)  18  not  known  in  the  form 
of  the  free  add.— Nitric  oxide  and  sulphurous  anhydride  may  be  mixed  with 
eadi  other  in  a  dry  state  without  entering  into  combination,  but  if  a  strong  so- 
lution of  potash  be  thrown  up  into  a  jar  containing  a  mixture  of  2  volumes  of 
nitric  oxide  and  i  volume  of  sulphurous  anhydride,  over  mercury,  the  gas  is 
gndually  and  completely  absorbed.  If  a  concentrated  solution  of  ammonia  be 
■atmated  with  sulphurous  add,  then  mixed  with  four  or  five  times  its  bulk  of 
the  solution  of  ammonia,  and  a  current  of  nitric  oxide  be  slowly  transmitted,. 
whilst  the  liquid  is  artificially  kept  cool,  the  gas  is  in  great  measure  ab- 
sorbed, and  beautiful  snow-white  rhombic  crystals  of  ammonic  nitrosulphate 
[(H^jBO^aNO]  are  deposited ;  they  may  be  collected  on  a  filter,  washed  with 
a  litUe  ice-cold  solution  of  ammonia,  and  dried  in  vacuo  over  sulphuric  acid. 

This  salt  is  a  singularly  unstable  compound;  when  dissolved  in  water  it 
to  undergo  decomposition  at  ordinary  temperatures :  the  presence  of  a 

alkafi  increases  its  stability.  If  an  attempt  be  made  to  liberate  the  add  by 
the  addition  of  another  add  to  the  salt,  brisk  efiervescence,  due  to  the  escape  of 
niinras  oxide,  takes  place,  and  sulphuric  add  remains  in  the  liquid,  H,80,2N0 
giving  HjSO^  -f  N,0.  Mere  admixture  of  the  solution  of  the  ammonic  nitro- 
solphate  with  that  of  many  metallic  salts,  such  for  instance  as  cupric  sulphate, 
produces  a  similar  decomposition:  probably  a  double  decomposition  occurs; 
CnSO^  +  (H^,S0,2N0  becoming  (H,N),SO^  +  OUSO32NO,  whilst  the  cupri^B 
mtrasnlphate  is  immediately  resolved  into  nitrous  oxide  and  cupric  sulphate.  If 
the  drj  ammonic  nitrosulphate  be  heated  a  littl6  above  230°  (115^  0.),  it  is 
decomposed  with  explosive  evolution  of  nitrous  oxide. 

The  potasdc  and  sodic  nitrosulphates  are  rather  more  stable.  No  insoluble 
nitrosulphates  have  been  formed ;  they  give  no  predpitate  with  baryta  water. 
The  ni^osulphates  of  the  alkali-metals  ai'e  neutral  to  test-paper,  and  have  a 
pungent  bitterish  taste. 

(426)  Compounds  qf  Sulphurous  and  Nitrous  Acids;  Sulphazotised 
Acids  of  Fremy. — ^A  remarkable  series  of  salts  has  been  described  by  Fremy 
(Awn,  de  Chimie,  III.  xv.  408),  formed  by  the  action  of  sulphurous  anhydride 
upon  a  solution  of  potassic  nitrite  containing  a  large  excess  of  free  alkalL 
Sulphurous  anhydride  combines  with  the  elements  of  potassic  nitrite  and  water 
in  several  different  proportions,  and  forms  compounds  which  crystallize  readily, 
and  in  which  neither  a  sulphite  nor  a  nitrite  can  be  detected  by  the  usual  tests. 
The  solutions  of  these  salts  produce,  in  solutions  of  salts  of  barium,  a  precipitate 
which  oontuns  the  new  add.  These  compounds  are  all  decomposed  by  boiling 
thdr  solutions,  and  ammonia  and  sulphuric  acid  are  amongst  the  products : 
some  of  them  even  experience  a  similar  decomposition  at  ordinary  temperatures. 

The  sulgoined  formula  will  suffidentiy  incQcate  the  derivation  of  these  salts. 
from  potash,  water,  nitrous  and  sulphurous  anhydrides : — 

u.  o 
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PotasBic  sulphazite  3K.0,S^^,0„  or  3KtO+N,0,+3SO,+3H^ 

„       Bulphazate  sKjO.S^N.H.N^  or  3KiO+N,0,+4SOi+3HjO 

„       tulphKwtate        sKjO^jNjH.O,.  or  3K,0+N.O,+5SO,+3H^ 

BulphammonaU    4K30,S,NjH,05j  or  4KjO+N,0,+8SOj-(-3H,0 

It  is  remarkable  that  if  Bodic  nitrite  be  fiabdtitated  for  potassic  nitrite,  no  8nlph> 
azotised  salts  are  formed.  Indeed,  Fremy  was  nnablo  to  procnra  anj  snch 
compound  which  contained  sodinm. 

Potaseic  aulphammonato  is  ensilj  formed  bj  miiiog  a  strong  solotion  of 
potassic  sulphite  with  one  of  potasaic  nitrite ;  the  Bolpbammonste  is  deposited  in 
beantifal  silkj  needles. 

Compounds  or  Sulphue  ■with  Htdbooen. 
(437)  HvDROSDLPHCRic  AciD;  Dikydrjc  Sulphide ;  Sufpkaretled 
Hydrogen ;  H^S  =  34 ;  Mol.  Vol.  ^^  ' ;  Rel.  wl.  17;  Theoretic 
Sp,  Gr.  i'i74;  Observed,  i'i9i2. — Sulphur  forms  t ith  liydrogen 
au  important  compotmtl  commonly  termed  Bulphurettcd  hydrogen, 
but  whichj  as  it  possesses  feebly  acid  properties  is  sometimes  called 
hydrosulphuric  acid.  It  is  formed  in  small  quantities  when 
sulphur  is  heated  iu  hydrogen  gas,  but  it  is  always  prepared  for  use 
by  decomposing  one  of  the  metallic  sulphides  with  an  acid. 

Preparation. — i.  For  ordinary  purposes,  about  half  an  ounce 
(15  grms.)  of  ferrous  sulphide  (FcS),  in  small  fragments,  is  placed 
in  a  bottle,  aud  is  decomposed  in  the  cold  by  an  ounce  (about 
30  cub.  eentim.)  of  sulphuric  acid  diluted  nith  6  or  8  times  its 
bulk  of  water ;  gas  is  immediately  formed  in  abundance :  the 
iron  aud  hydrogen  change  places,  ferrous  sulphate  is  dissolved  in 
the  act  of  formation,  and  sulphuretted  hydrogen  is  evolved; 
FeS  +  HjSO^=H„S  +  FeSOi.  The  gas  which  is  procured  in  this 
manner  is  commonly  contaminated  with  free  hydrogen,  because 
the  ferrous  sulphide  ofteu  contains  a  portion  of  metallic  irou  dis- 
aemiuatcd  through  it. 

Fi^.  31J  shows  R  convenieDt  method  of  mounting  an  apparstas  for  disen- 
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gig^g  a  oontinturas  eorrent  of  the  gas  from  ferrous  sulphide.  The  cork  through 
vhich  the  tuhes  pass  is  not  fitted  at  once  into  the  bottle,  b  or  c,  but  Lb  made  to 
fit,  as  at  a,  into  a  piece  of  stout  glass  tube,  open  at  both  ends,  such  as  is  shown 
in  fig.  316;  this  tube  is  ground  so  as  to  close  the  neck  of  the  bottle  air-tight, 
like  an  ordinary  stopper.  The  apparatus,  which  requires  to  be  frequently  dis- 
mounted in  order  to  be  charged  afresh,  may  thus  be  kept  in  a  serviceable  con- 
dition without  the  trouble  or  loss  of  time  consequent  on  the  frequent  renewal  of 
the  oorka,  which  would  be  needed  unless  this  expedient  were  adopted.  The 
Tsrioos   small  tubes  are  con-  _ 

Dected  together  by  long  pieces  ^^^'3^7* 

of  vulcanized  caoutchouc  tubing. 
2. — When  the   gas  is  re- 
quired in  a  state  of  purity,  i 

part  of  powdered  antimonious 

sulphide  is  substituted  for  the 

ferrous  sulphide:  in  this  case 

it  is  necessary  to  employ  3  or 

4  parts  of   hydrochloric  acid 

of  sp.  gr.  i*j,  and  to  apply  a 

gentle  heat  to  the  mixture ;  the 

appaiatns  may  then  be  arranged 

as  in  fig.  317.     In  either  case 

the  gaa  requires  to  be  washed 

before  eoUecting  it,  in  order  to 

remove  any  particles  of  the  acid 

or  of  the  metallic  salt  which 

may  have  been  carried  over  with 

it  in  mechanical  suspension.     As  the  compound  of  antimony  with  sulphur  is  a 

sesquisolphide  (Sb,S,),  i  atom  of  it  requires  6  atoms  of  hydrochloric  acid  for 

its  decomposition,  and  furnishes  2  atoms  of  antimonious  chloride  and  3  of  sul- 
phuretted hydrogen ;  Sb^S,  +  6RC[  =  2SbCl,  +  3H,S. 

Properties, — Hydrosulphuric  acid  is  a  transparent  colourless 
gas,  of  a  disgosting  odour,  resembling  that  of  rotten  eggs.  It  is 
lugUy  poisonous  when  respired  in  a  concentrated  form,  and  even 
when  diluted  with  from  600  to  1200  times  its  bulk  of  air  is 
rapidly  fatal  to  the  lower  animals.  It  is  inflammable,  and  bums 
with  a  pale,  bluish  flame,  depositing  sulphur  if  the  supply  of  air 
be  insnfScient  for  complete  combustion.  If  transmitted  through 
tubes  heated  to  fiill  redness,  it  is  partially  decomposed  into 
sulphur  and  free  hydrogen.  Its  density  a  little  exceeds  that  of 
atmospheric  air,  i  litre  at  0°  C.  760°^*  Bar.  weighing  1*5475  gnn. 
or  iQO  cub.  in.,  weighing  at  60°  and  30  inches  rather  more  than 
38  grains. 

Composition, — The  proportion  of  hydrogen  in  a  given  volume 
of  the  gas  may  be  ascertained  by  heating  some  granulated  tin  in 
a  small  retort  filled  with  sulphuretted  hydrogen  and  inverted  in  a 
vessel  of  mercury :  the  sulphur  combines  with  the  tin,  whilst  the 
hydrogen  which  remains  occupies  when  cold  the  same  space  as 

o  2 
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the  gas  before  it  was  decomposed.*  In  sulphuretted  hydrogen, 
I  volume  of  sulphur  vapour  and  2  volumes  of  hydrogen  are  there- 
fore condensed  into  the  space  of  2  volumes,  and  the  composition 
of  the  gas  may  be  thus  represented : — 

U       Bywdght.  BjToL  Sp.gr. 

Sulphur    ...        S    ==32    or    94'i2        i    or    0*5  =  1*105 

Hydrogen...        Hj  =     2  5*88        2  I'o  =  0*069 

HjS  =  34         100*00        2  i*o  =  i'i74 

Sulphurous  anhydride  and  sulphuretted  hydrogen,  in  the 
presence  of  moisture,  decompose  each  other,  half  the  oxygen  of 
the  sulphurous  anhydride  uniting  with  the  hydrogen  of  the  sul- 
phuretted hydrogen,  water  and  pentathionic  acid  (423)  being 
formed  whilst  sulphur  is  deposited.  For  complete  decomposition, 
equal  volumes  of  sulphuretted  hydrogen  and  of  sulphurous  anhy- 
dride would  be  requisite ;  loSOg  -f  loHgS  =583  -f  8H3O  -f  aHjjSgOg. 
Much  of  the  sulphur  thus  deposited  is  in  the  electro-positive 
form  (408),  and  is  insoluble  in  carbonic  disulphide.  It  is  pro- 
bable that  a  large  proportion  of  native  sulphur  has  been  de- 
posited from  the  gaseous  form  in  consequence  of  this  reaction. 

Hydrosulphuric  acid  is  also  immediately  decomposed  by  chlo- 
rine, bromine,  and  iodine ;  sulphur  being  precipitated,  and  hydro- 
chloric, hydrobromic,  or  hydriodic  acid  being  formed  by  the  union 
of  the  hydrogen  with  one  of  the  halogens  above  mentioned. 

Under  a  pressure  of  about  1 7  atmospheres,  sulphuretted  hydro- 
gen is  reducible  to  a  colourless,  extremely  mobile  liquid,  which, 
according  to  Regnault,  boils  at  —  79^*6  ( —  62°  C.) ;  it  freezes  to 
a  transparent  mass  at  a  temperature  of  — 122°*8  (-  86°  C.) 

Water  at  32°  dissolves  4*37  times  its  bulk  of  sidphuretted 
hydrogen ;  3*23  times  its  bulk  at  59°,  and  2*66  at  75°'2  (24°  C.) 
(Bunsen).  The  solution  is  feebly  acid,  and  has  the  smell  and 
taste  of  the  gas.  When  exposed  to  the  air,  this  solution 
becomes  turbid ;  the  hydrogen  is  slowly  oxidized,  forming  water, 
and  the  sulphur  is  separated.  K  the  oxidation  of  sulphuretted 
hydrogen  takes  place  in  a  moist  atmosphere,  a  little  sulphuric 
acid  is  formed,  and  this  action  is  favoured  by  the  presence  of  a 
base  to  combine  with  the  newly-formed  acid. 

Sulphuretted  hydrogen  is  formed  spontaneously  under  a 
variety  of  circumstances.  Whenever  a  soluble  sulphate  remains 
in  contact  with  decaying  animal  or  vegetable  matter,  the  sulphate 

*  Potassium  cannot  be  employed  instead  of  tin  in  this  case,  because,  though 
it  decomposes  the  gas,  the  dipotassic  sulphide  which  is  formed  enters  into  com- 
bination with  another  portion  of  the  gas  without  decomposing  it 
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loses  oxygen,  which  combines  with  the  elements  of  the  decaying 
safastance,  whilst  sulphide  of  the  metal  remains;  one  atom  of 
calcic  sulphate,  for  example,  by  the  abstraction  of  4  atoms 
of  oxygen,  becomes  converted  into  calcic  sulphide;  thus 
CaS04-aOj=CaS. 

In  this  way  soluble  sulphides  are  formed  in  many  springs, 
such  as  those  of  Harrogate,  giving  to  them  their  peculiar  sulphu- 
reous odour  :  and,  in  a  somewhat  similar  manner,  sulphuretted 
hydrogen  is  generated  in  large  quantities  in  stagnant  sewers  and 
cesspools. 

The  sulphides  thus  formed  are  readily  decomposed  by  acids — 
even  the  carbonic  acid  absorbed  from  the  atmosphere  being  suffi- 
cient to  cause  the  expulsion  of  sulphuretted  hydrogen,  and  in  this 
way  to  occasion  the  odour  observed  on  exposing  such  compounds 
to  a  damp  air. 

(428)  HydrostUphates,  or  Sulphides. — Hydrosulphuric  acid, 
though  a  feeble  acid,  combines  readily  with  bases :  for  example, 
if  the  gas  be  transmitted  into  a  solution  of  potash  or  solution  of 
ammonia,  it  is  rapidly  absorbed, — ^hydrosulphate  of  potash, 
K30,H,S,  or  hydrosulphate  of  ammonia,  (H3N)3H3S,  being  formed. 
Such  solutions  are,  however,  generally  regarded  as  containing 
sulphides  of  the  metals,  because  the  hydrogen  of  the  acid  is 
exactly  equivalent  to  the  oxygen  of  the  base,  and  is  capable,  as 
in  the  analc^us  case  of  the  chlorides,  of  forming  water  and 
a  metallic  sulphide:  for  example,  hydrosulphate  of  potash 
(KjO^HgS)  may  be  regarded  as  dipotassic  sulphide  and  water, 
OP  as  K3S  +  HjO.  Moreover,  the  action  of  sulphuretted  hydrogen 
in  cases  in  which  it  occasions  a  precipitate  in  the  solution  of  a 
metallic  salt,  consists  in  the  formation  of  an  insoluble  metallic 
sulphide :  when,  for  instance,  cupric  sulphate  in  solution  is  treated 
with  sulphuretted  hydrogen,  an  abundant  black  precipitate 
of  hydrated  cupric  sulphide  is  produced,  water  is  formed,  and 
the  liquid  becomes  acid  &om  the  liberation  of  sulphuric  add : 
CuSO^ + H,S  +xJip = HjSO^ + CuS,a?H30.  The  larger  number 
of  the  metallic  sulphides  when  thus  formed  combine  with  water 
at  the  moment  of  their  precipitation. 

Sulphuretted  hydrogen  is  in  continual  requisition  in  the  labo- 
ratory as  a  test  for  the  discovery  of  metallic  bodies :  it  gives  cha- 
racteristic precipitates  with  many  metallic  salts;  for  instance, 
with  the  compounds  of  lead  it  gives  a  black,  with  those  of  arse- 
nicum,  a  yellow,  and  with  those  of  antimony  an  orange-coloured 
precipitate.  Many  metallic  solutions,  such  as  those  of  zinc* 
iron,  and  manganese,  when  acidulated,  yield  no  precipitate  with 
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it :  and  it  is  therefore  commonly  employed,  in  the  course  of 
analysis,  to  separate  these  metals  from  others  which  are  thrown 
down  by  it  in  the  form  of  insoluble  sulphides.  For  this  pur- 
pose a  current  of  the  gas  is  transmitted  through  the  solution  on 
which  it  is  designed  to  act.  In  these  cases  it  is  always  neces- 
sary to  purify  it  &om  particles  held  in  mechanical  suspension, 
and  carried  over  by  the  effervescence  of  the  materials  em- 
ployed; it  is  therefore  first  allowed  to  bubble  up  through  a 
layer  of  water  in  a  Woulfe's  bottle  interposed  between  the 
generator  and  the  liquid  to  be  submitted  to  its  action,  as  shown 
at  c,  fig.  315. 

When  in  any  salt  the  attraction  between  the  metal  and  the 
salt-radicle  is  too  great  to  be  overcome  by  the  action  of  hydro- 
sulphuric  acid,  the  sulphide  may  notwithstanding  be  obtained^ 
provided  that  an  alkali-metal  be  simultaneously  presented  to  the 
salt-radicle;  this  may  easily  be  effected  by  mixing  a  soluble 
sulphide  with  the  salt  to  be  decomposed : — if  ferrous  sulphate 
(FeSO  J  be  exposed  to  a  current  of  sulphuretted  hydrogen  it  will 
experience  no  change;  but  if  mixed  with  a  solution  of  dipotassic 
sulphide,  a  black  precipitate  of  hydrated  ferrous  sulphide 
(FeS,4?H20)  is  immediately  produced,  while  potassic  sulphate  is 
formed  in  the  solution:  FeS04+K3S,a?H20=K3S04+FeS,^H,0. 
The  sulphides  thus  formed  are  very  commonly  hydrated  com- 
pounds :  when  exposed  to  the  air  in  their  moist  condition,  many 
of  them  absorb  oxygen  rapidly;  solutions  of  the  alkaline  sul- 
phides have  indeed  been  employed  for  absorbing  oxygen  firom 
gaseous  mixtures.  The  results  of  oxidation  vary,  some  being 
converted,  like  nickel  sulphide  into  sulphate ;  NiS,^?!!^©  + 
ri02=NiSO^+^HjjO:  whilst  others  are  simply  converted,  like 
ferrous  sulphide,  into  free  sulphur  and  the  metallic  oxide; 
4FeS,a?H20+302  becoming  aFe303,^H20  +  2S2. 

Hydrosulphuric  acid  is  usually  stated  to  have  a  strong  dispo- 
sition to  combine  with  the  soluble  sulphides,  to  form  definite 
compounds  with  them.  These  compounds,  however,  arc  most 
easily  represented  by  regarding  them  as  double  sulphides  of  the 
metal  and  hydrogen,  intermediate  between  the  hydrosulphuric 
acid  and  the  ordinarj'  sulphide — e.g. : — 

Hydrosul-  Potassic  Dipotassic 

phurio  acid.  hydrosulphide.  sulphide. 

Ims      ;       KHS^      ;      'kksT 

corresponding  with  the  compounds  in  the  oxygen  series  indicated 
by  the  formulae : — 
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^•*"-  hydrate.  potash. 


HHO         ;  KHO         ;  KKO. 

To  this  class  of  double  sulphides  belongs  the  ordinary  test-liquid 
(H^NHS),  amnionic  hydrosulphide,  which  is  used  in  the  labo- 
ratory under  the  name  of  hydrosulphate  of  ammonia.  These 
compounds  emit  a  strong  odour  of  sulphuretted  hydrogen,  and 
when  decomposed  by  a  metallic  salt,  the  hydrosulphuric  acid  is 
set  at  liberty;  for  example;  aH4NHS  +  MnS04=(H4N)3S04  + 
MnS  +  HjS.  This  evolution  of  sulphuretted  hydrogen  dis- 
tingmshes  them  from  the  simple  sulphides.  No  such  double 
sulphides  are  formed  with  hydrogen  and  the  dyads  or  tetrads, 
such  as  the  metals  of  the  earths  proper  and  of  the  iron  group. 

Tests. — ^Many  of  the  hydrosulphates  and  sulphides  are  easily 
detected  by  the  odour  of  sulphuretted  hydrogen  which  they 
evolye  when  moistened  with  hydrochloric  acid.  A  very  minute 
trace  of  the  gas  may  be  detected  by  enclosing  a  piece  of  paper 
moistened  with  a  solution  of  plumbic  acetate  in  the  upper  part 
of  the  tube  or  vessel  in  which  the  suspected  sulphide  has  been 
mixed  with  acid ;  if  sulphuretted  hydrogen  be  evolved,  a  brown 
or  black  tinge  occurs  upon  the  paper  after  the  lapse  of  a  few 
minutes^  owing  to  the  formation  of  plumbic  sulphide.  The  pro- 
portion of  free  sulphuretted  hydrogen,  or  of  a  soluble  sulphide  in 
any  solution,  may  be  accurately  determined  by  mixing  the  liquid 
to  be  tested  with  a  small  quantity  of  a  cold  solution  of  starch 
slightly  acidulated  with  acetic  acid,  and  adding  a  standard  solu- 
tion of  iodine  dissolved  in  potassic  iodide  until  the  starch  assumes 
a  blue  tint  from  the  action  of  excess  of  iodine ;  in  this  reaction 
the  sulphuretted  hydrogen  converts  the  iodine  into  hydriodic 
acid,  whilst  the  liquid  becomes  turbid  from  the  separation  of 
sulphur;  aHgS-f  2l2=4HI-fS2. 

Traces  of  soluble  sulphides  may  be  detected  in  neutral  or 
alkaline  solutions  by  the  magnificent  purple  colour  which  they 
form  on  the  addition  of  a  solution  of  sodic  nitroprusside.  When 
heated  before  the  blowpipe,  most  of  the  sulphides  emit  the  odour 
of  sulphurous  anhydride  (535,  S3^)' 

(429)  Hydbic  Pessulfhide,  or  Persulphide  of  Hydrogen  (H^S,?  or 
HjSj?) ;  Sp,  Ch,  qf  Liquid,  1769. — In  order  to  procure  this  compound  it  is 
hsuaI  to  begin  by  preparing  a  calcic  pentasulphido  (CaS^),  which  may  be  obtained 
by  boiling  equal  weights  of  slaked  lime  and  powdered  sulphur  in  water ;  calcic 
pentasnlphide  mixed  with  a  corresponding  amount  of  calcic  hyposulphite  is 
formed,  and  enters  into  solution ;  3CaOH,0  +  68^  =  CaS,H,0^  +  2CaS,  +  2H,0 : 
the  undissolved  sulphur  is  separated  by  filtration.  On  allowing  the  deep  yellow 
liquid  to  fall  into  hydrochloric  acid  diluted  with  twice  its  bulk  of  water,  and 
gently  wanned,  hydric  persulphide  subsides  as  an  oily  liquid,  having  a  smell  and 
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taste  resembling  that  of  hydrosnlphnric  add :  it  burns  with  a  blue  flame.  In 
many  of  its  properties  it  presents  a  striking  analogy  with  hydrio  peroxide  (485) ; 
it  possesses  bleaching  powers,  is  very  prone  to  spontaneous  decomposition  into 
sulphur  and  sulphuretted  hydrogen ;  it  is  rendered  more  stable  by  the  presence 
of  acids,  and  is  immediately  decomposed  by  alkalies.  The  latter  circumstance 
renders  it  necessary  in  preparing  this  compound  to  add  the  caldc  pentasulphide 
to  the  acid,  not  the  acid  to  the  pentasulphide,  which  would  be  attended  with  an 
escape  of  hydroeolphuric  acid  and  a  predpitation  of  findy  divided  sulphur.  The 
sulphur  which  is  precipitated  in  this  manner  from  an  alkaline  pentasulphide  was 
.formerly  employed  in  medicine  under  the  term  of  lac  mlpkuris. 

Oxides  of  manganese  and  silver  decompose  hydric  persulphide  by  mere  con- 
tact with  the  liquid,  producing  a  violent  c^ervescence,  owing  to  the  disengage- 
ment of  sulphuretted  hydrogen.  Hydric  persulphide  dissolves  sulphur  freely, 
and  hence  its  composition  is  not  certainly  known,  since  a  portion  of  sulphur  de- 
rived from  the  caldc  hyposulphite  formed  in  preparing  the  pentasulphide  is 
always  predpitated  along  with  the  persulphide,  and  becomes  dissolved  in  the 
liquid  obtained,  which,  owing  to  its  instability,  cannot  be  purified  by  distillation. 

(430)  Carbonic  Disulfhide,  or  Bisulphide  of  Carbon ;  Sulpho- 
carbonic  Acid  {CS^=  76);  8p.  Gr.  of  Liquid^  1*272  at  60°  (15^*50.); 
of  Vapour,  Theoretic,  2*626;  Observed,  2*6447 ;  MoL  Vol.  |~  |  }; 
Bel,  wt,  38;  Boilinff'pL  ii8°*4  (48°  C). — ^This  compound  maybe 
prepared  by  heating  fragments  of  charcoal  to  bright  redness  in  an 
earthen  retort^  furnished  with  a  tubulure  into  which  is  luted  a 
porcelain  tubc^  passing  nearly  to  the  bottom  of  the  retort :  the 
tube  is  provided  at  its  upper  extremity  with  a  cork.  From  time 
to  time  this  cork  is  withdrawn^  and  a  fragment  of  sulphur  is 
dropped  into  the  retort ;  the  cork  is  then  immediately  replaced^ 
the  sulphur  melts,  and  is  converted  into  vapour ;  at  this  elevated 
temperature  the  carbon  combines  with  it,  and  the  disulphide  thus 
obtiuned  may  be  condensed  in  vessels  properly  cooled.  It  is  now 
manufactured  on  a  very  large  scale,  both  in  this  country  and  in 
France,  by  the  use  of  suitable  apparatus  constructed  on  this  prin- 
ciple, the  vapour  of  sulphur  being  driven  over  glowing  coke.  It 
is  yellow  when  first  formed,  and  contains  an  excess  of  sulphur ; 
but  by  redistillation  it  may  be  obtained  in  a  state  of  purity.  It 
is  a  very  volatile,  colourless  liquid,  of  high  refSracting  power,  of 
an  acrid,  pungent  taste,  and  a  foetid,  peculiar,  sulphurous  odour. 
It  is  heavier  than  water,  in  which  it  is  insoluble,  but  it  is  soluble 
in  all  proportions  in  ether  and  in  alcohol,  in  benzol,  in  oil  of  tur- 
pentine, as  well  as  in  the  fixed  and  volatile  oils.  Disulphide  of 
carbon  has  never  hitherto  been  frozen ;  hence  it  has  been  employed 
sometimes  in  the  construction  of  thermometers  destined  to  measure 
very  intense  degrees  of  cold. 

The  vapour  of  carbonic  disulphide  when  breathed  produces 
great  depression  followed  by  coma.  It  is  indeed  very  poisonous, 
^and  hence  much  care  is  requisite  in  preventing  its  escape  into  the 
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apartments  in  which  the  work-people  are  engaged.  It  produces 
in  those  more  or  less  exposed  to  its  fumes^  depression^  wealmess^ 
and  loss  of  memory ;  for  the  relief  of  these  symptoms  the  nae  of 
a  solution  of  ferrous  carbonate  in  carbonic  acid  water  has  been 
found  in  some  degree  effectual.  Advantage  has  been  taken  of 
this  poisonous  property  to  free  grain  infested  with  weevils  from 
the  insect ;  a  small  quantity  of  the  disulphide  enclosed  in  a  tight 
chamber  with  the  grain^  in  a  few  hours  kills  both  the  larvse  and 
the  eggs  (Doyere),  and  does  not  injure  the  grain ;  on  exposure  to 
air  the  disulphide  quickly  evaporates.  Indeed,  the  applications 
of  the  disulphide  in  the  arts  are  very  numerous,  and  are  of 
growing  importance. 

Carbonic  disulphide  is  highly  inflammable,  when  its  vapour  is 
mixed  with  hydrogen  or  carbonic  oxide  it  takes  fire  below  420® 
(ai^*5  C.)  (Frankland) ;  in  consequence  of  which  when  used  it  re- 
quires special  precautions  against  fire.  It  bums  with  a  blue  flame, 
producing  gaseous  sulphurous  and  carbonic  anhydrides.  It  dis- 
solves sulphur  freely,  and,  by  spontaneous  evaporation,  leaves  it 
in  rhombic  octohedra.  Phosphorus  is  also  freely  dissolved  by  it, 
and  may  be  obtained  in  crystals  from  the  solution  by  slow 
evaporation.  Iodine,  bromine,  and  chlorine  are  likewise  readily 
dissolved  by  the  disidphidc.  It  is  one  of  the  best  solvents  of 
caoutchouc ;  it  may  be  substituted  for  ether  as  a  solvent  for  some 
of  the  organic  bases,  and  it  has  been  used  on  a  very  lai^e  scale 
by  Deiss  as  a  solvent  for  extracting  oils  and  fats,  as,  for  example^ 
in  economizing  the  last  portions  of  olive  oil  left  in  the  pulp  of 
the  fruit  after  pressure.  It  has  also  been  used  as  a  solvent  for 
extracting  bitumen  from  minerals  which  contain  it,  instead  of 
subjecting  them  to  the  ordinary  process  of  destructive  distillation ; 
and  it  has  been  employed  as  a  solvent  in  the  analysis  of  oil  seeds^ 
for  the  purpose  of  ascertaining  the  proportion  of  oil  which  the 
ground  seeds  contain  {Richardson  and  Watts'  Technology y  vol.  i. 
Part  in,  p.  138). 

Carbonic  disulphide  offers  one  of  the  best  illustrations  of  the 
anal(^  in  properties  between  oxygen  and  sulphur ;  an  analogy 
which,  though  far  from  being  so  complete  as  that  of  the  different 
halogens  with  each  other,  is  yet  in  some  respects  of  a  striking 
character.  It  is  to  be  remarked  that  sulphur  is  the  only  non- 
metallic  element  excepting  oxygen  with  which  carbon  can  be 
easily  caused  to  unite  directly.  The  compound  of  carbon  and 
sulphur  so  obtained  affords  a  good  instance  of  the  class  of  com- 
binations which  Berzelius  has  called  sulphur-acids,  these  sub- 
stances possessing  the  power  of  uniting  with  the  sulphides  of  the 
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basic  metals,  and  forming  with  them  sulpho^saltSy  corresponding 
in  composition  to  analogous  salts  which  contain  oxygen : — Car- 
bonic disulphide,  for  example,  may  be  regarded  as  the  analogue  of 
carbonic  anhydride ;  it  contains  %  atoms  of  sulphur  in  the  place 
of  %  atoms  of  oxygen,  the  composition  of  the  compound  being 
the  following : — 

Bj  weight.  By  vol.  Sp.  gr. 

Carbon    ...        C    =     la    or    1579        2  P  or    I'o  =  0*4146 
Sulphur  ...        Sj  =    64  84*21        2  I'o  =  2'2ii4 


^^"i^l.^   \  CS.         76  100-00        2  ro  =  2-6260 

disulphide ) 

Carbonic  disulphide  combines  with  the  sulphides  of  the  alkali- 
metals,  forming  a  species  of  salts  which  are  called  mlphO'Car^ 
donates,  such  for  instance  as  potassic  sulpho-carbonate  (K3CS3), 
which  contains  3  atoms  of  sulphur  in  the  place  of  the  3  atoms  of 
oxygen  in  the  corresponding  carbonate,  K^COj.  Tlie  soluble 
sulpho-carbonates  are  easily  converted,  by  boiling  their  aqueous 
solutions,  into  carbonate  of  the  metal ;  water  being  decomposed, 
whilst  an  evolution  of  sulphuretted  hydrogen  takes  place ;  for 
example:  K2CS3+3H30=K3C03  +  3HjjS;  and  a  similar  decom- 
position takes  place  slowly  in  the  aqueous  solution  at  ordinary 
temperatures.  The  sulpho-carbonates  when  decomposed  by  hydro- 
chloric acid  form  a  yellow  oily  liquid,  containing  the  elements  of 
carbonic  disulphide  and  sulphuretted  hydrogen ;  for  instance, 
K2CS3  +  2HC1=H2CS3  +  2KCL  Solutions  of  the  sulpho-car- 
bonates of  the  alkali-metals  give  a  brown  precipitate  with  solu- 
tions of  the  salts  of  copper :  they  yield,  with  dilute  solutions  of 
argentic  nitrate  and  of  corrosive  sublimate,  yellow  precipitates ; 
and  with  lead  salts  they  give  a  red  precipitate.  All  these  preci- 
pitates blacken,  more  or  less  speedily,  when  kept,  owing  to  their 
conversion  into  sulphides.  Aqueous  solutions  of  the  hydrated 
alkalies  gradually  discolour  the  disulphide,  and  form  a  brown 
liquid  containing  carbonate  and  sulpho-carbonate  of  the  metal ; 
for  example,  6KHO+3CSs=:K5C03-f  aK3CS3+3H30. 

(431)  Sulphur  Chloride  (S2Cl2=i35);  Mol.  Vol.\    ]  ~1;  ReL 


^^-  67*5 ;  Sp,  Gr.  of  Liquid,  i'68  ;  of  Vapour,  470;  Boiling-pt. 
28o°-4  (138°  C). — Chlorine  and  sulphur  form  two  compoimds  with 
each  other ;  they  combine  gradually  at  common  temperatures,  but 
if  heated  together  the  union  is  rapid.  In  preparing  the  chloride 
(SgClo)  the  arrangement  shown  in  fig.  318  may  be  adopted,  in 
which  a  steady  current  of  washed  and  dried  clilorine  is  directed 
towards  the  bottom  of  a  retort  containing  melted  sulphur ;  the 
resulting  chloride  must  be  collected  in  a  perfectly  dry  receiver. 
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kept  cool :  it  may  be  purified  from  excess  of  chloriae  by  redistills^ 
tion  froiQ  powdered  sulphur ;  a  yellow  volatile  liquid,  of  pene- 


tratingj  peculiar,  and  disagreeable  odour  is  thus  formed .  It  emita 
fumes  on  exposure  to  the  air,  owing  to  its  action  on  the  atmo- 
spheric moisture.  When  dropped  into  water  it  falls  to  the  bottom, 
and  is  slowly  decomposed  into  hydrochloric  and  sulphurous  acids, 
mixed  with  some  of  the  polythionic  acids,  and  &ce  sulphur  in  the 
electro-positive  form.  It  acts  powerfully  on  mercury  when  brought 
into  contact  with  it,  and  dissolves  sulphur  freely ;  with  ammonia 
it  combines  in  two  proportions,  forming  the  compounds  sH^N, 
SjCla,  and  4H3N,S3Cl3.     An  oxychloride  of  sulphur  {S^Cifi^*  is 


*  Two  other  oxjohlorides  of  sulphiiT  are  bIm  known,  one  the  tktoi^l 
ekloridt  (SOCI,)  correapondiog  to  gulphoroa*  anhjdrLde  in  whieh  one-half  of 
the  osjgen  u  displaced  by  chlorine.  It  U  a  colourless  liqnid,  which  b<»l>  at 
I79'''6,  (82°C.)and  ieobtuDed  bj  decomposing  pbosphoric  chloride  by  mean*  of 
dryralphoroDS  anhydride.  The  other  compound  hu  already  been  described  nndar 
thfl  name  of  chloroaulphurio  acid  (SO,CI,),  or  tulphuri/l  chloride  (4.34)1  eons- 
aponding  to  inlphnric  anhydride  in  which  an  atom  of  oiygen  has  been  displaoed 
by  its  eqoivalsnt  (2  atoms)  of  chlorine. 

These  oxyehlorides  of  sulphor  and  Williamson'ii  chlorhydro-tulphnrio  acid 
(416)  form  a  seriea,  aome  relations  of  which  will  be  rendered  evident  by  writing 
tlieir  fbraiabe  aa  follows  ;— 

Thionyl  chloride        S,0,C1, 

Crystalline  oiydJoride  ^ACl, 

Salpbnryl  chloride     S,0,C!, 

Rom's  oiychloride S,0,C1, 

CUorhydro-Bolphuric  acid      S,0,H,CI, 
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obtained  in  crystals  by  transmitting  moist  chlorine  through  the 
chloride. 

Sulphur  dichhride  (SCI,  =  103  j  9p.  Or.  of  Liquid,  1*625)  ™*y  ^  formed 
by  saturating  the  preceding  compound  with  chlorine :  it  is  a  deep-red  liquid, 
which  fumes  strongly  in  the  air,  and  is  decomposed  in  the  direct  rays  of  the  son 
into  the  chloride  S,C1,  and  free  chlorine.  It  is  partially  decomposed  by  boiling 
it.  Carius,  in  his  elaborate  examination  of  these  compounds  {Liehig^s  AnnaL 
cvi.  291),  even  denies  its  existence  as  a  separate  body,  regarding  the  red  liquid 
as  a  mixture  of  the  chloride  S,C1,  with  a  higher  chloride  (SCIJ  not  yet  isolated. 

The  bromides  of  sulphur  are  liquids  analogous  to  the  chlorides.  The  iodide 
(S,I,)  is  a  crystalline,  brittle,  steel-grey  solid ;  but  the  compound  is  unstable,  and 
gradually  loses  iodine  by  exposure  to  the  air. 

(432)  NiTBOOBH  Sulphide  (SN;  Fordos  and  G^lis,  Ann.  de  Chimie,  UL 
^^^^  389).— This  compound  is  obtained,  though  in  small  quantity  only,  when 
sulphur  chloride  is  dissolved  in  10  or  12  times  its  bulk  of  carbonic  disulphide 
and  decomposed  by  a  current  of  dry  ammoniacal  gas.  The  gas  is  transmitted 
till  the  brown  colour  of  the  precipitate  which  is  formed  disappears ;  the  yeUow 
liquid  is  filtered  from  the  sal  ammoniac,  and  left  to  spontaneous  evaporation ; 
beautiful  golden  yellow  rhombic  crystals  of  nitrogen  sulphide,  mixed  with  crystals 
of  sulphur,  are  speedily  formed ;  the  sulphur  may  be  removed  by  digestion  in 
cold  carbonic  diBulphide.  The  reaction  which  attoids  its  formatbn  is  very  00m- 
plicated,  and  has  not  been  completely  ascertained.  Nitrogen  sulphide  detonates 
powerfully  by  percussion,  and  explodes  when  heated  to  314^*6  (157°  C).  It 
has  a  faint  odour,  adheres  strongly  to  paper  if  rubbed  on  it,  and  irritates  the 
mucous  membrane  of  the  eyes  and  nose  most  painfully.  Carbonic  disulphide 
takes  up  about  ^^  of  its  weight  when  boiled  upon  it;  alcohol,  ether,  and  oil  of 
turpentine  dissolve  it  very  sparingly ;  water  does  not  dissolve  it,  but  slowly  de- 
composes the  compound.  Nitrogen  sulphide  combines  with  the  chlorides  of 
sulphur  in  several  proportions. 

§11.  Selenium;  Se=79'5. 

Theoretic  Sp.  Or.  of  Vapour^  5' 5^6 ;  Observed  at  2588°  (1420°  C), 
568;  Atomic  Vol.  [^;  Rel.  wt.  79*5 ;  Sp.  Or.  Cryst.  4788 : 
usually  Dyad,  as  in  H^Se ;  occasionally  Tetrad,  as  in  SeCl^ ; 


Mol.  Vol.  of  Vapour  (SeSe)=     :      ;  Mol.  wt.^i^^. 


(433)  Selenium  is  a  mythological  name  (from  atXritni,  the 
moon)  given  by  Berzelius  to  a  rare  elementary  body,  discovered 
by  him  during  the  year  1817,  in  the  reftise  of  a  sulphuric  acid 
manufactory  near  Fahlun.  It  derives  its  chief  interest  from  the 
remarkable  analogy  to  sulphur  which  it  presents.  Selenium 
always  occurs  in  combination ;  the  compounds  which  it  forms  are 
termed  selenides.  The  native  selenides  are  very  rare  minerals,  the 
most  abundant  of  them  being  the  selenides  of  iron,  copper,  and 
silver. 

Extraction. — In  order  to  obtain  selenium  in  an  isolated  form, 
the  Fahlun  selenium  residue  is  mixed  with  nitrate  and  carbonate 
of  potassium,  and  deflagrated;  that  is  to  say,  the  mixture  is 
thrown  in  smaU  quantities  at  a  time  into  a  red-hot  crucible,  in 
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^Mch  it  bums  vividly.  The  selenium  and  other  bodies  with 
^hich  it  is  associated  are  oxidized  at  the  expense  of  the  oxygen 
of  the  nitre^  whilst  potassic  seleniate  is  produced  by  acting  on 
the  disengaged  potash  of  the  nitre.  The  mass  is  digested  in  water^ 
acidulated  with  hydrochloric  acid^  and  evaporated  down  to  a 
small  bulk :  the  selenic  acid  is  thus  reduced  to  selenious  acid ; 
iHa+HjSeO^rrrClg  +  HgO  +  HgSeOg:  and  the  selenious  acid, 
when  treated  with  sulphurous  acid,  yields  a  precipitate  of  reduced 
selenium  as  a  red,  flocculent,  amorphous  powder;  2H2Se03+ 
4H5S03=  Scg + 4H3SO4 + aHjO. 

Properties, — Selenium  may  be  obtained  in  the  amorphous,  in 
the  vitreous,  and  in  the  crystalline  condition.  When  collected 
and  dried,  the  pulverulent  selenium  begins  to  soften  at  a  tem- 
perature below  that  of  boiling  water,  and  at  a  few  degrees  above 
2\iP  (icx>°  C.)  it  melts ;  on  cooling,  it  forms  a  brittle  solid,  with 
glassy  fracture,  metallic  lustre,  and  deep  brown  colour,  varying 
in  specific  gravity  from  4*3  to  4' 8.  It  has  neither  taste  nor 
smell ;  it  is  insoluble  in  water,  and  is  a  non-conductor  of  heat  and 
of  electricity.  It  is  soluble  in  oil  of  vitriol,  forming  a  green 
solution  which,  when  diluted,  deposits  unaltered  selenium.  When 
melted  it  is  ductile,  and  may  be  drawn  out  into  fine  threads. 

Hie  statements  regarding  its  point  of  fusion  are  discordant,  owing  to  its 
power  of  existing,  like  salphur,  in  several  distinct  modifications.  If  it  be  main- 
tained for  some  hoars  at  200°  (93^*3  0.) — Le,  below  its  melting-point — ^the  tem- 
perature suddenly  rises  till  it  reaches  320°  (160°  C.)y  after  which  the  selenium 
is  fiyimd  to  have  become  granular  and  crystalline.  The  fusing-point  of  this 
variety  is  422^*6  (217^  C.)  (Hittorf.)  It  may  also  be  obtained  with  some  diffi- 
eolty,  crystallized  in  minute  rhomboidal  prisms  of  sp.  gr.  4*51  from  its  solution 
in  carbonic  disulphide,  which,  at  its  boiling-point,  dissolves  about  i  per  cent,  of 
vitreons  selenium.  If  these  crystals  be  heated  to  about  334°  (168^  C),  they 
become  almost  black,  and  increase  in  sp.  gr.  to  4*7,  experiencing  a  molecuhur 
diange,  in  consequence  of  which  they  are  no  longer  soluble  in  carbonic  disul- 
phide ;  when  this  black  mass  is  melted  and  quickly  cooled,  it  resumes  its  solu- 
bilitj  in  this  menstruum,  owing  to  its  reconversion  into  the  vitreous  condition. 

When  heated  in  the  air,  selenium  does  not  readily  take  fire ; 
it  bums  with  a  blue  flame,  but  a  portion  of  it  is  volatilized  in  red 
fumes,  emitting  an  odour  resembling  that  of  carbonic  disulphide ; 
this  is  probably  due  to  the  formation  of  a  protoxide  of  selenium, 
which,  however,  is  not  acid.  If  heated  in  closed  vessels,  selenium 
boils  at  a  temperature  below  a  red  heat,  and  gives  oflFa  deep  yellow 
vapour,  which,  according  to  Deville  and  Troost,  is  of  sp.  gr.  7*67 
at  1580°  (860°  C.) ;  when  heated  to  1904^  (1040°  C.)  it  has  a 
sp.  gr.  of  6*37  ;  while  at  2588°  (1420°  C.)  it  has  a  sp.  gr.  of  5*68  and 
has  expanded,  till,  as  in  the  case  of  sulphur,  it  occupies  a  bulk 
nearly  equal  to  that  of  an  equivalent  of  oxygen.     The  specific 
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gravity  of  selenium  Taponr  calculated  on  the  supposition  that  it 
exactly  corresponds  with  the  Tolnme  of  an  equiyalent  of  oxygen 
is  5*526.  The  Tapour  condenses  in  red  flowers  or  in  opaque 
metallic-looking  drops.  Selenium  forms  with  oxygen^  two  com- 
pounds^ which  when  acted  on  by  water^  furnish  acids ;  the  first  cor- 
responding with  sulphurous^  and  the  second  with  sulphuric  acid. 

(434)  Selenious  Anhydride^  (SeOj=  111*5:  Rel.  wt.  Solo  * 
Theoretic  Sp.    Gr.   of  Vapour,    3*8419;    Observed,   4*03;   Mol. 


Vol.  u)  may  be  obtained  by  burning  selenium  in  a  current  of 


oxygen^  but  it  is  usually  prepared  by  boiling  selenium  with  nitric 
acid  or  with  aqua  regia^  by  which  the  selenium  is  gradually 
oxidized  and  dissolved ;  the  excess  of  nitric  acid  may  be  expelled 
by  heat^  leaving  the  selenious  anhydride  as  a  white  mass^  which 
does  not  melt  on  further  urging  the  heat^  but  sublimes  below  red- 
ness^ forming  a  yellow  vapour^  and  condensing  again  in  beautiful 
snow-white  prismatic  needles.  The  crystals  are  deliquescent; 
their  aqueous  solution  is  strongly  acid^  and  it  has  a  sour  burning 
taste.  Selenious  acid  (H^SeOj)  in  solution  is  speedily  deoxidized 
by  iron  or  by  zinc,  either  of  which,  when  digested  in  the  liquid, 
occasions  the  deposition  of  selenium  in  the  form  of  a  reddish- 
brown  powder.  A  solution  of  sulphurous  acid  also  readily  reduces 
selenium  from  the  acid. 

Selenites, — ^Most  of  the  seleniteci,  except  those  of  the  metals  of  the  alkalies, 
are  insoluble  in  water,  but  soluble  in  nitric  acid.  With  the  alkali-metals  three 
classes  of  salts  may  be  formed :  normal  selenites,  with  the  general  formula 
M,SeO,,  like  disodic  selenite,  Na^SeO, ;  acid  selenites,  with  the  general  formula 
MHySeO,,  like  hydrosodic  selenite  (NaHySeO^.H^O)  ;  and  hyperacid  selenites,  or 
quadri-selenites,  with  the  general  formula  MH,2SeO,,  like  trihydro-sodic  selenite 
2(NaII,2SeO,)H,0.  The  selenites  are  easily  recognized  when  heated  on  char- 
coal before  the  blowpipe  in  the  reducing  flame,  by  the  peculiar  odour  of  selenium 
which  they  emit;  the  selenites  in  solution,  when  treated  with  sulphurous  acid, 
give  a  reddish-brown  precipitate  of  reduced  selenium. 

(435)  Selenic  Acid;  Dihydric  seleniate  ;  H3Se04=  145*5. — 
The  anhydride  of  this  acid  is  not  known.  The  acid  itself  is  best 
obtained  in  solution  by  deflagrating  selenium  or  any  selenite  with 
nitre ;  the  residue  is  dissolved  in  water,  and  mixed  with  a  solu- 
tion of  plumbic  nitrate ;  an  insoluble  plumbic  seleniate  is  pre- 
cipitated, and  this,  if  suspended  in  water,  may  be  decomposed  by 
a  current  of  sulphuretted  hydrogen.  Plumbic  sulphide  is  thus 
formed,  and  sclcnic  acid  is  set  at  liberty;  PbSe04+HgS  = 
HgSeO^  -f  PbS.  The  acid  may  be  separated  by  filtration,  and  con- 
centrated by  evaporation  till  it  has  a  specific  gravity  of  t6  ;  if 
heated  beyond  554°  (290°  C.)  it  is  decomposed  into  selenious 
anhydride,  water  and  oxygen.     Selenic  acid  dissolves  iron  and 
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zinc   with   evolution  of  hydrogen;    it  also  attacks  copper  and 

even  gold,  if  boiled  upon  these  metals,  which  are  oxidized  at  the 

expense  of  the  acid,  selenious  acid  being  disengaged ;  platinum  is 

not   attacked  by  it.     Sulphurous    acid    is  without   effect  upon 

selenic  acid,  but  hydrochloric   acid  decomposes  it  when  heated 

with  it,  chlorine  and  selenious  acid  being  liberated ;   HgSeO^-f 

aHClrrHoSeOj  +  HgO-fClg.       Selenic    acid     closely    resembles 

stdphuric  acid  in  its  properties,  and  its  salts  are  isomorphous  with 

the  sulphates  of  the  same  metals. 

SeleniaUt. — Selenic  acid  is  dibasic.  Solations  of  the  seleniates  give  white 
precipitates  with  salts  of  bariam,  strontiam,  and  lead,  owing  to  the  formation  of 
insoluble  seleniates  of  these  metals.  These  precipitates  are  insoluble  in  diluted 
nitric  acid.  When  the  soluble  seleniates  are  boiled  with  hydrochloric  acid, 
selenic  acid  is  liberated,  and  is  reduced  to  the  form  of  selenious  acid  :  sulphurous 
acid  will  then  precipitate  reduced  selenium  from  the  solution.  Baric  seleniate 
may  be  similarly  decomposed,  and  may  thus  be  distinguished  from  baric  sulphate. 
When  heated  on  charcoal  before  the  blowpipe  in  the  reducing-fiame,  the  seleni- 
ates emit  the  characteristic  odour  of  selenium. 

(436)  Seleniubetted  Hydbooen;  "^Hydroselenic  acid*,  Dihydric  seU' 
nide;  (U^  =  ^v^);  Eel.  wt.  4075;  *8p,  Gr,  2795;  ^0/.  Vol.  [HI].— 
Thin  substance  is  a  colourless  inflammable  gas,  which  resembles  hydrosulphuric 
add,  bnt  its  odour  is  much  more  offensive.  Berzelius  found  that  by  the  appli- 
cation of  the  nose  to  a  bubble  of  the  gas  no  larger  than  a  pea,  he  was  deprived 
of  the  sense  of  smell  for  several  hours.  Seleniuretted  hydrogen  is  obtained  by 
acting  on  selenide  of  potassium  or  of  iron,  with  diluted  hydrochloric  or  sulphuric 
acid.  This  gas  is  soluble  in  water,  and  precipitates  many  metals  from  their  salts 
in  the  form  of  selenides.  Its  solution  has  a  feebly  acid  reaction ;  if  exposed  to 
the  ur  it  absorbs  oxygen  and  deposits  selenium.  The  selenides  of  the  alkali- 
metals  are  soluble  in  water :  those  of  cerium,  zinc,  and  manganese,  are  flesh- 
coloured  ;  most  of  the  others  are  black. 

(437)  Chlorides  of  Selei^ium. — Selenium  unites  directly  with  chlorine, 
forming  two  compounds,  one  a  brownish  volatile  liquid  (Se^Cl,)  heavier  than 
water,  and  slowly  decomposed  by  it ;  the  other  a  volatile,  white,  crystalline  mass 
(SeCl^),  which  is  immediately  decomposed  by  water  into  selenious  and  hydro- 
chloric adds. 

§  III.  Tellueium:  Te=ia9. 

Theoretic  Sp.  Gr,  of  Vapour,  8-913;  Observed  Sp.  Gr.  at  2534° 
(1390°  C),  9*oo ;  Sp.  Gr.  of  Solid,  6*65;  Atomic  Vol.  [^; 
ReL  wt.i2g',  Mol.  Vol.  of  Vapour,  \  ;  Mol.  wt.,  Te^,  258 ; 


usually  Dyad,  as  in  HgTe  :  occasionally  Tetrad,  as  in  TeCl^. 

(438)  Tellueium  is  a  rare  substance  discovered  by  Miiller  in 
1782,  bnt  first  investigated  by  Klaproth  in  1798,  and  named  by 
him  firom  tellus,  the  earth.  It  is  found  chiefly  in  the  mines  of 
Hungary  and  Transylvania,  occasionally  native  and  nearly  pure, 
but  generally  combined  with  various  metals,  such  as  gold,  silver, 
bismuth,  copper,  or  lead ;  it  is  usually  also  accompanied  by  small 
quantities  of  arsenicum  and  selenium.     Its  most  common  ore  is 
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the  blacky  foliated  teUurinm  ore  of  Nagyag^  which  contains 
about  13  per  cent,  of  tellnrium  in  the  form  of  tellnrides  of  gold^ 
lead^  and  silver^  mixed  with  solphides  of  antimony  and  lead.  It 
may  be  extracted  firom  this  mineral  by  digestion  of  the  finely- 
powdered  ore  in  hydrochloric  acid^  which  removes  the  sulphides 
of  lead  and  antimony ;  the  residue  is  washed  and  heated  with 
nitric  acid^  the  solution  of  tellurous  nitrate  is  decanted^  evapo- 
rated to  dryness^  and  treated  with  hydrochloric  acid^  after 
which  the  tellurium  is  thrown  down  as  a  brown  powder  by  the 
addition  of  sodic  sulphite  to  the  acid  liquid.  For  additional 
particulars  regarding  the  extraction  of  tellurium^  the  reader 
is  referred  to  the  Lehrbuch  of  Berzelius  (German  edition^  1844^ 
voL  ii.  p.  229). 

Properties, — Most  English  writers  on  chemistry  class  tellurium 
amongst  the  metals.     It  presents^  however^  a  close  analogy  with 
sidphur  and  selenium^  though  it  possesses  a  high  metallic  lustre^ 
and  resembles  bismuth  in  colour.    It  is  very  brittle,  fuses  between 
800®  and  900°  (426°  and  482°  C),  and  at  a  high  temperature  it  is 
converted  into  a  yellow  vapour  which,  according  to  Deville  and 
Troost,  has  a  density  of  9*00  at  a  temperature  of  2534®  (1390^  C.). 
The  distillation  of  tellurium  is  best  conducted  by  heating  it  very 
strongly  in  a  porcelain  tube,  and  transmitting  a  current  of  dry 
hydrogen  gas  over  it ;  the  vapour  of  tellurium  is  thus  mechani- 
cally carried  forward,  and  it  is   condensed   in  drops  and  flexible 
crystalline  needles  in  the  cooler  parts  of  the  apparatus.    According 
to  Mitscherlich,  tellurium,  when  solidified  after  fusion,  exhibits  a 
rhombohedral  cleavage,  a  circumstance  which  seems  to  indicate  its 
isomorphism  with  arsenicum  and  antimony.     Tellurium  is  a  bad 
conductor  of  heat  and  of  electricity.     When  heated  strongly  in 
the  air  it  takes  fire,  bums  with  a  blue  flame  edged  with  green, 
and  emits  a  peculiar  characteristic  odour,  whilst  thick  white  fiimes 
of  tellurous  anhydride  are  produced.    Like  sulphur  and  selenium, 
tellurium  is  soluble  in  cold  concentrated  sulphuric  acid,  to  which 
it  gives  a  fine  purple-red  colour ;  on  dilution  it  is  precipitated 
unchanged.  Minute  quantities  of  tellurium,  when  taken  internally, 
impart  a  persistent  and  intolerable  odour  of  garlic  to  the  breath. 
Tellurium  forms  two  oxides  (TeO^;  TeOj),  which  correspond 
in  composition  to  sidphurous  and  sulphuric  anhydrides. 

(439)  Tellurous  Acid  {ll^eO^=^ijg). — Tellurium  is  readily 
dissolved  by  nitric  acid  of  sp.  gr.  1*25.  If  the  solution  be  poured 
into  water  immediately,  a  white,  bulky  hydrate  of  tellurous  acid 
subsides.  It  is  slightly  soluble  in  water,  reddens  litmus,  and 
combines  with  the  alkaline  bases ;  these  compounds  are  soluble. 
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Tellurous  acid  has  a  bitter  metallic  taste :  its  anhydride  may  be 
obtained  by  gently  heating  the  hydrate,  or  by  boiling  the  nitric 
acid  solntiony  when  it  is  deposited  in  crystalline  needles^  which 
ire  very  slightly  soluble  in  water.  The  anhydride  (TeOjj=i6i  ; 
Sp.  Gr.  5'93)  fuses  easily^  forming  a  transparent  glass,  which  is 
yellow  while  hot,  but  becomes  white  and  crystalline  on  cooling. 
Tellurous  anhydride  possesses  considerable  volatility :  if  Aised  with 
caustic  potash,  potassic  tellurite  is  formed. 

Tellaritet  may  be  formed  of  three  cl&isetf — normal  salts,  M^TeO, ;  acid  salts, 
MHTeO,,  and  hyperadd  salts,  or  qaadritellarites,  MHTeO,,H,TeO,.  The  tel- 
larites  of  the  alkali-metals  are  solable,  those  of  the  alkaline  earths  very  sparingly 
so.  This  anhydride  also,  like  many  of  the  metallic  anhydrides,  combines  with 
the  stronger  acids :  the  compounds  which  it  thos  furnishes  have  a  metallic  taste, 
and  are  said  to  act  powerfully  as  emetics.  Its  suits  with  oxalic  and  tartaric 
acid  are  aolable.  All  the  soluble  salts  in  which  tellurium  acts  as  a  basyl  are  de- 
composed if  mixed  with  hydrochloric  acid  and  heated  with  sulphurous  acid : 
redooed  tellurium  is  precipitated  under  these  circumstances.  With  sulphuretted 
hydrogen  a  bbck  sulphide  of  tellurium  is  produced. 

(440)  Telluric  Acid  (H2TeO^=  195)  is  obtained  by  gently  ^eat- 
ing tellurium  or  tellurous  acid  with  nitre.  A  potassic  tellurate 
is  formed,  from  which  the  acid  is  transferred  to  barium,  and  the 
barium  is  separated  by  sulphuric  acid.  Telluric  acid  crystallizes 
in  striated  hexagonal  prisms,  which  have  a  nauseous  metallic 
taste ;  they  exert  but  a  feeble  action  on  litmus.  These  crystals 
are  composed  of  (H<,Te0^2H20).  If  heated  nearly  to  redness 
they  furnish  telluric  anhydride,  and  then  assume  an  orange-yellow 
colour.  This  anhydride  (Te03=i77)  is  completely  insoluble  in 
water,  and  in  nitric  and  hydrochloric  acids,  as  well  as  in  alkaline 
solutions. 

Telluric  add  has  but  a  feeble  chemical  attraction  for  bases,  but,  like  selenic 
acid,  it  forms  three  classes  of  salts  which  may  be  represented  by  the  general  for- 
muljB,  M,TeO^;  MHTeO^;  and  MHTeO^,H,TeO^.  Their  solutions,  when 
acidulated,  yield  a  black  precipitate  with  sulphuretted  hydrogen.  When  telluric 
acid,  or  one  of  its  salts,  is  heated  to  redness,  ox3'gen  is  disengaged  and  the 
telluric  is  converted  into  tellurous  anhydride,  or  the  tellurate  into  a  tellurite  of 
the  basyl. 

Two  eklorides,  TeCl,  and  TeCl^,  have  been  obtained  by  the  direct  action  of 
chlorine  upon  tellurium  :  both  of  them  are  volatile ;  the  vapour  of  the  dichloride 
is  of  a  violet  colour ;  they  are  decomposed  by  a  large  quantity  of  water. 

(441)  Telluretted  Hydrogen  :  Dihydric  telluride  ;  }l^e=^ 
131  ;  Sp.  Gr.  4*489 ;  Atomic  and  MoL  Vol,  \  \  j;  ReL  tot.  65*5. — 
The  most  interesting  compound  of  tellurium  is  that  which  it  forms 
with  hydrogen.  It  is  a  gaseous  body  analogous  to  sulphuretted 
hydrogen,  contains  its  own  volume  of  hydrogen,  and  is  possessed 
of  feebly  acid  properties.  It  may  be  obtained  by  decomposing 
the  alloy  of  tellurium  with  zinc  or  tin,  by  means  of  hydrochloric 

II-  Y 
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acid.  The  gas  which  escapes  bturns  with  a  blue  flame ;  it  reddens 
litmns^  and  has  an  odour  which  cannot  be  distinguished  from  that 
of  sulphuretted  hydrogen  :  with  water  it  forms  a  colourless  solu- 
tion^ which  becomes  brown  by  exposure  to  the  air^  owing  to  the 
oxidation  of  the  hydrogen  and  separation  of  tellurium.  Tellu- 
retted  hydrogen  precipitates  most  of  the  metab  from  their  solu- 
tions^ in  the  form  of  tellurides^  which  have  a  close  analogy  with 
the  corresponding  sidphides.  The  tellurides  of  the  alkali-metals 
are  soluble  in  water. 

Telluriimi^  whether  in  the  form  of  a  soluble  tellurite  or  in 
that  of  a  tellurate^  is  thrown  down  from  its  solutions  in  the  re- 
duced form  by  zinc  or  iron ;  neutral  solutions  of  the  salts  of 
both  its  acids  are  also  reduced  by  ferrous  sulphate  and  by  stannous 
chloride;  in  these  cases  the  tellurium  falls  in  brown  flocculi. 
The  tellurates  of  the  alkali-metals  when  heated  to  redness  in  a 
tube  with  charcoal  are  reduced  to  tellurides^  which  are  soluble  in 
water^  and  form  a  red  liquid. 


'  ' 


CHAPTER  VIII. 

§  I.  Phosphokus:  P=3i.* 

Atomic  Vol,  [],  or  J ;  ReL  wi.  62 ;  Theoretic  Sp.  Gr.  of  Vapour , 
4*284;  Observed  Sp.  Gr.  of  Vapour,  4-42 ;  Fusing-pt.  iii°*5 
(44°- 2  C.) ;  Boilinff'pt.  about  550°  (288°  C.) ;  usually  Triad,  as 
in  H3P ;  frequently  Pentad,  as  in  PCI5 ;  Mol.  Vol.  [^ 
Mol.  tot.  P4=i24. 

(442)  Natural  Relations  of  the  Phosphorus  Group. — Phos- 
phorus is  described  here  for  the  sake  of  convenience,  and  not 
because  it  exhibits  any  relation  to  the  sulphur  group ;  it  has, 
however,  a  close  connexion  with  arsenicum  and  antimony,  two 
bodies  which  will  be  described  with  the  metals. 

Phosphorus,  arsenicum,  and  antimony  aflbrd  good  instances  of 
the  terequivalent  or  triad  group  of  elements,  as  in  most  cases 
when  in  combination  they  represent  3  atoms  of  hydrogen,  though 
sometimes  they  are  quinquequivalent,  or  represent  5  atoms.  These 
three  elements  are  indeed  related  much  in  the  same  way  as  sulphur, 
selenium,  and  tellurium ;  each  of  them  unites  with  hydrogen,  and 


•  The  vapour  volume  of  phosphorus  appears  to  be  tetratomic ;  for  if  the 
molecule  of  free  phosphorus  be  taken  as  P^  it  will  furnish  two  volumes  of  vapour. 
Arsenicum  resembles  phosphorus  in  this  respect. 
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fiirms  a  gaseous  compound  in  which  3  yolnmes  of  hydrogen  combine 
with  i  a  volume  of  the  vapour  of  the  other  element — the  compound 
which  is  formed  occupying  the  space  of  2  volumes — these  gaseous 
compounds  exhibiting  a  tendency  to  alkalinity.  Each  of  these 
elements  xmites  with  oxygen  in  the  proportion  of  2  atoms  with  3, 
and  2  with  5  atoms  of  oxygen^  forming  compoimds  in  which  the 
acid  character  is  less  and  less  marked  as  the  atomic  weight  of  the 
combustible  element  increases.  The  isomorphous  relations  of 
arsenious  anhydride  and  antimonious  oxide  have  long  been  known, 
and  the  corresponding  tribasic  phosphates  and  arseniates  offer 
some  of  the  most  striking  exemplifications  of  isomorphism. 
Chlorine  unites  with  the  members  of  this  group  in  the  proportion 
of  3  atoms  to  i  atom  of  phosphorus,  arsenicum,  or  antimony. 
Bismuth  is  ako  related  to  this  group  by  the  composition  and 
character  of  its  oxides  and  chloride ;  although  no  bismuthated 
hydrc^n  is  at  present  known.  Nitrogen,  as  already  pointed  out^ 
is  connected  with  the  phosphorus  group  by  its  combination  with 
hydrogen  (H,N),  and  by  its  formation  of  anhydrides  with  3  and 
with  5  atoms  of  oxygen.  An  interesting  isomorphous  relation 
exists  between  the  members  of  the  sulphur  and  those  of  the 
phosphorus  group;  sulphur  being  isomorphous  with  arsenicum, 
as  is  shown  in  the  correspondence  in  form  between  crystals 
of  iron  pyrites  (FeSj),  and  those  of  mispickel  (FeSAs). 

The  following  table  exhibits  some  of  the  corresponding  com- 
pounds of  the  5  triads  just  mentioned : — 


H,N 

KHroai 
chloride. 


Vitroas 
anhydride. 

NA 

Kitric 
anhydride. 

'  N,0,  ^ 


Fboephnreited 

hydrofen. 
^- — ' * 

H,P 

Phoaphoroos 

chloride, 
y ' * 

C1,P 

Phovphorio 
diloinde. 

PhoephorofU 
anhydride. 

/*— — * ^ 

p,o, 

Photphorio 
anhydride. 


Areenioretted 

hydrogen. 

^— ' » 

Aneniooi 
chloride. 

CiJAs' 


Araeniona 
anhydride. 

As^O, 

Anenio 
anhydride. 


A«A 


Antimonioretted 
hydrogen. 

Antimonious 
chloride. 

Antimonic 
chloride. 

'  Cl^Sb  * 

Antimoniooi 
oiide. 

, * 

SbjO, 

Antimonic 
anhydride. 

ibA 


Bismuth 
chloride. 


CljBi 


Bismuth 
sesquioxide. 

/*— — * ^ 

Bi,0, 

Bismnthio 
anhydride. 

'"bCoT 


A  gradation  of  properties  is  observed  in  these  elements,  and 
particularly  in  the  three  intermediate  ones  :  phosphorus  is  the 
least  dense,  the  most  fusible  and  volatile ;  next  follows  arsenicum, 
and  then  antimony,  in  the  order  of  their  atomic  weights.     The 

r  2 
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acid  properties  of  the  oxidized  compounds  axe  most  marked  in 
nitrogen^  then  in  phosphorus ;  they  are  weaker  in  arsenicum^ 
still  weaker  in  antimony^  and  are  scarcely  apparent  in  bismuth. 
The  compounds  with  hydrogen  follow  the  same  order :  ammonia 
is  a  powerful  base  and  requires  a  high  temperature  for  its  decom- 
position^ phosphuretted  hydrogen  a  very  feeble  base :  in  arse- 
niuretted  hydrogen  the  basic  character  is  not  perceived^  although 
manifest  in  some  of  its  deriyatives^  and  the  same  thing  is  true  of 
antimony ;  each  of  the  three  hydrides  last  mentioned  being  in 
succession  more  easily  decomposed  by  simple  exposure  to  heat, 
whilst  the  attraction  of  bismuth  for  hydrogen  is  so  feeble  that 
its  hydride  is  unknown. 

(443)  Phosfhokus  was  discovered  by  Brandt  in  1669.  It  is 
never  met  with  in  nature  in  the  imcombined  state,  but  it  occurs 
in  small  proportion  as  tricalcic  diphosphate  (CajizPOJ,  as  a  con- 
stituent of  the  primitive  and  volcanic  rocks,  by  the  gradual  dis- 
integration of  which  it  passes  into  the  soil :  from  the  soil  it  is 
extracted  by  plants,  which  accumulate  it,  particularly  in  their 
seeds,  in  quantity  sufficient  for  the  support  of  the  various  tribes 
of  animals  which  they  supply  with  food.  In  the  animal  system 
it  is  collected  in  large  amount,  and  when  combined  with  oxygen 
and  calcium,  as  a  particular  form  of  calcic  phosphate  {bone 
phosphate,  Ca4H,3POJ,  it  forms  the  principal  earthy  constituent 
of  the  bones  of  the  vertebrata.  Phosphorus  also  appears  to  be 
essential  to  the  exercise  of  the  higher  functions  of  the  animal, 
since  it  exists  as  a  never-failing  ingredient  in  the  substance  of 
which  the  brain  and  nerves  are  composed.  It  is  likewise  con- 
tained in  albumin  and  in  fibrin  in  small  proportions,  and  ia 
present  in  the  form  of  phosphates  of  the  metals  of  the  alkalies 
and  of  the  earths  in  the  urine  and  solid  excrements  of  animals. 

Extraction, — Phosphorus  was  originally  extracted  from  the 
salts  contained  in  urine,  but  it  is  now  obtained  almost  exclusively 
from  the  bones  of  animals,  or  from  native  calcic  phosphate.  In 
order  to  prepare  it,  bones  were  formerly  always  burned  to  white- 
ness by  calcining  them  in  an  open  fire  for  some  hours,  and  then 
reduced  to  powder;  but  now  the  gelatin  of  the  bones  is  first 
economized  by  heating  them,  under  pressure,  with  water ;  or  the 
bones  are  distilled  in  closed  vessels,  the  ammonia  and  volatile 
products  are  collected,  whilst  the  bone  black  is  employed  in 
sugar-refining,  and  afler  it  has  become  useless  for  this  purpose, 
it  is  burned  in  the  open  fire.  Three  parts  of  bone-ash  obtained 
by  any  of  these  methods  are  mixed  with  2  of  concentrated  sul- 
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phoric  acid,  or  3  parts  of  crude  acid  of  sp.  gr.  1550,  and  18  or 
20  parts  of  irater.  TTie  mixtore  is  allowed  to  stand  for  two  or 
three  days,  after  which  it  is  placed  upon  a  strong  linen  filter, 
and  the  acid  liquid  is  separated  from  the  calcic  sulphate  by 
pressure;  the  residne  is  further  washed  with  water,  and  the 
washings  are  added  to  the  filtered  solution.  In  this  process  the 
sulphuric  add  is  added  in  such  quantity  as  partially  to  decom- 
pose the  calcic  phosphate ;  two-thirds  of  the  calcium  are  removed 
by  it  in  the  insoluble  form,  as  calcic  sulphate,  the  remaining 
third  being  left  as  an  acid  salt,  in  combination  with  the  whole  of 
the  phoBphorie  acid,  with  which  it  forma  a  compound  readily 
soluble  in  water,  frequently  described  as  luperphosphate  of  lime 
(calcic-tetrahydric  diphosphate;  H^Ca2F0J.  The  reaction  may 
be  thus  expressed  in  symbols : — 


CajsPO^     -I-     aHgSO^    =     H^CaiPO^     +     aCaSO.. 
This  acid  solution  is  evaporated  to  the  conaiatence  of  a  syrup, 
then  mixed  with   from    one-fourth   to    one-half  its  weight   of 
charcoal,  and  heated  to  inci-  p,g_  .jg^ 

pient  redness  in  an  iron  pot, 
stirringconstantly.  The  mass, 
while  hot,  is  transferred  to  an 
earthen  retort  (a  6g.  319), 
which  is  covered  externally 
vith  a  thin  paste,  consisting 
of  a  mixture  of  equal  parts 
of  borax  and  fire-clay,  with 
a  view  of  rendering  the  re- 
tort less  porous.  It  is  then 
exposed  to  a  heat  which  is 
slowly  raised  to  a  full  red. 
Fhosphoms  gradually  rises  in 
vapour,  and  is  conveyed  by  "" 
means  of  a  wide  copper  tube, 
bent  as  at  ft,  so  as  to  dip  into  water  contained  in  a  vessel 
provided  with  a  smaller  tube,  open  at  both  ends,  for  con- 
veying the  nncondensed  gases  into  a  chimney.  The  phosphorus 
is  condensed  in  ypllow  drops.  In  this  operation  it  is  found 
necessary  to  convert  the  normal  phosphate  into  superphosphate  (rf 
calcium;  since  the  bone-ash,  when  heated  with  charcoal,  does 
not  part  with  its  phosphorus.  The  superphosphate,  when  heated 
with  charcoal,   is  decomposed;    the  oalcium  retains  sufficient 


214  FH08PHORU8 — PROPERTIES. 

phosphion  to  reconstitute  the  tribasic  phosphate^  whicli  remain 
unchanged  in  the  retort^  while  the  excess  of  acid  and  the  wate 
which  the  mass  always  contains  are  decomposed  by  the  charcoal 
hydrogen,  carbonic  oxide,  and  phosphorus  are  the  results 
Graseons  matters  escape,  therefore,  during  the  whole  operation 
which  may  be  regarded  as  consisting  of  two  stages,  the  firs 
being  the  decomposition  of  the  superphosphate  into  tribasii 
calcic  phosphate  and  phosphoric  acid : — 

3(H,Ca2POJ = CajiPO^  +4H5PO,  ; 

whilst  the  second  stage  consists  of  the  deoxidation  of  the  liberate 
acid: — 

4H3PO^+  i6C=P^+6H5+ 16CO.* 

With  a  view  to  render  the  phosphorus  perfectly  pure,  it  i 
fused  imder  warm  water,  with  a  solution  of  bleaching  powder,  an< 
squeezed  through  wash-leather ;  or  it  may  be  fused,  first  unde: 
ammonia,  and  then  under  a  solution  of  potassic  dichromate  ii 
diluted  sulphuric  acid.  The  easy  fusibility  of  phosphorus  enable 
it  to  be  moulded  into  sticks  with  facility;  it  is  melted  unde: 
water  and  forced  into  tubes,  in  which  it  is  allowed  to  solidify. 

Properties. — Phosphorus  is  a  soft,  semi-transparent,  colourless 
waxy-looking  solid,  which,  however,  becomes  hard  and  brittle  a 
low  temperatures :  it  fumes  in  the  air,  emitting  white  vapours  o 
an  alliaceous  odour.  It  has  a  specific  gravity  of  1*83  a 
50^(io°C.)  (Schrotter).  It  fuses  at  iii°-5  (44^-20.),  and  i 
melted  under  an  alkaline  liquid  and  allowed  to  cool  imdisturbed 
it  will  long  continue  fluid  at  ordinary  temperatures,  but  whei 
touched  with  a  wire  or  a  glass  rod  it  solidifies  suddenly.  Phos 
phorus  is  a  non-conductor  of  electricity,  both  in  the  solid  anc 
the  liquid  state.  It  is  extremely  inflammable,  taking  fire  in  th( 
open  air  at  a  temperature  very  little  above  its  fusing-point.  I: 
it  contain  impurities,  such  as  oxide  of  phosphorus,  it  takes  fin 
still  more  easily.  Great  caution  is  therefore  required  in  handlin|[ 
it ;  it  is  better  always  to  cut  it  imder  water.  The  bums  occa 
sioned  by  melted  phosphorus  are  deep  and  often  extremely 
severe,  from  the  difl&culty  of  extinguishing  the  flame. 

Phosphorus  bums  with  a  brilliant  white  flame,   and  emits 


*  PhcMphoros  may  also  be  obtained  by  heating  an  intimate  mixture  a 
charcoal  and  tricalcio  phosphate  or  of  bone-ash  to  bright  redness  in  a  current  o 
hydrochloric  acid  gas,  carbonic  oxide  and  hydrogen  being  liberated  along  wiU 
vapour  of  phosphorus  while  calcic  chloride  is  formed : — 

2(Ca^aP0J  +  16C  +  laHa  =  P^  +  16CO  +  6H,  +  6CaCl,. 


I 
•1 
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dense  white  fumes  of  phosphoric  anhydride.  In  closed  vessels  it 
boils  at  about  550°  (288°  C),  giving  off  a  colourless  vapour,  of 
which  100  cubic  inches  calculated  at  30  inches  Bar.  and  60^, 
would  weigh  about  135  grains.  An  atom  of  phosphorus^  there- 
fore, gives  off  a  volume  of  vapour  equal  to  only  half  that  of  an 
atom  of  oxygen ;  and,  according  to  Deville,  no  alteration  in  the 
relative  volumes  of  the  two  is  effected  by  a  temperature  of  1904° 
(1040^  C).  Phosphorus  is  insoluble  in  water ;  it  is  slightly  soluble 
in  ether,  but  more  so  in  benzol,  in  oil  of  turpentine,  and  in  the 
fixed  and  essential  oils.  It  is  also  freely  dissolvol  by  chloride  of  sul- 
phur, by  phosphorous  chloride,  and  by  carbonic  disulphide :  when 
its  solution  in  the  disulphide  is  allowed  to  fall  upon  filtering-paper 
in  the  open  air,  the  finely  divided  phosphorus  absorbs  oxygen  so 
rapidly  that  it  takes  fire  as  soon  as  the  solvent  has  evaporated. 
If  the  solution  be  allowed  to  evaporate  slowly  in  a  current  of 
hydrogen  or  carbonic  anhydride,  the  phosphorus  may  be  ob- 
tained crystallized  in  rhombic  dodecahedra. 

The  vapour  of  phosphorus  when  suspended  in  hydrogen  gives 
to  the  gas  the  property  of  burning  with  a  green  flame,  in  which 
are  seen,  when  viewed  by  the  prism,  two  intense  green  lines,  one 
of  which  appears  to  coincide  with  one  of  the  lines  of  barium : 
common  amorphous  phosphorus,  hypophosphites,  and  phosphites, 
when  introduced  into  Marshes  apparatus,  give  rise  to  this  phe- 
nomenon, which  is  sufficiently  sensitive  to  serve  as  a  qualitative 
test  of  the  presence  of  phosphorus. 

Phosphorus  is  always  preserved  under  water,  for  when  exposed 
to  the  air,  at  all  temperatures  above  32^  (o®  C.)  it  gradually  com- 
bines with  oxygen,  and  imdergoes  a  slow  combustion;  under 
these  circumstances,  in  a  darkened  room  it  emits  a  pale  greenish 
light  (hence  its  name,  from  <^w^,  light,  fopo^,  bearing)  attended 
with  the  production  of  the  white  fumes  and  the  garlic  odour 
already  mentioned.  The  luminosity  of  phosphorus  is  prevented 
by  the  admixture  of  certain  inflammable  vapours  and  gases  in 
minute  quantity  with  the  atmosphere  ;  if  air  be  mixed  with  either 
4-1-^  of  its  bulk  of  olefiant  gas,  ttttt  ^^  naphtha  vapour,  or  tttt 
of  vapour  of  oil  of  turpentine,  a  stick  of  phosphorus  no  longer 
appears  luminous  when  exposed  to  its  action  (Graham). 

It  is  remarkable  that  in  pure  oxygen  the  luminosity  is  not  ob- 
served until  the  temperature  rises  to  59°  (15°  C),  unless  the  gas 
be  rarefied,  or  be  diluted  with  some  other  gas. 

(444)  Different  forms  of  Phosphorus, — ^Phosphorus  assumes 
several  different  forms  under  the  influence  of  causes  apparently 
trifling.   '  The  transparent  variety  has  been  already  mentioned ; 
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thifl;  when  kept  exposed  to  light  under  water^  assumes  a  second 
form,  consisting  of  small  plates;  it  then  appears  to  be  white 
and  opaque,  and  is  somewhat  less  fiisible.  It  has  a  sp.  gr.  of 
^'5^5'  white  phosphorus  becomes  reconverted  into  the  vitreous 
variety  by  a  temperature  not  exceeding  122°  (50°  C).  A  third 
form  is  obtained  by  suddenly  cooling  melted  phosphorus ;  it  is 
perfectly  black  and  opaque,  but  by  simple  fusion  and  slow  cooling 
it  again  becomes  transparent  and  colourless ;  whilst  a  fourth  or 
viscous  modification,  analogous  to  viscous  sulphur,  may  be  obtained 
by  heating  very  pure  phosphorus  to  near  its  boiling-point  and 
suddenly  cooling  it.  A  fifth  form  occurs  in  the  shape  oired  scales, 
which  are  obtained  by  the  spontaneous  sublimation  of  phosphorus 
in  the  Torricellian  vacuum  when  exposed  to  the  rays  of  the  sun. 

Red  or  amorphous  Phosphorus. — ^The  red  form  of  phosphorus 
has  been  carefully  studied  by  Schrotter  (Ann.  de  Chimie,  III. 
xxiv.  406).  It  may  be  obtained  by  placing  a  quantity  of  dried 
common  phosphorus  in  a  flask  from  which  the  air  is  displaced  by 
means  of  a  current  of  carbonic  anhydride ;  to  the  neck  of  the 
flask  a  long  narrow  tube,  bent  downward,  is  attached ;  the  open 
end  of  this  tube  dips  into  a  little  mercury.  Heat  is  next  applied 
to  the  flask  by  means  of  an  oil-bath :  the  phosphorus  melts  readily, 
but  by  regulating  the  heat  steadily  between  446^  and  464^  (230^ 
and  240^  C.)  by  means  of  a  thermometer  plunged  into  the  oil- 
bath,  and  maintaining  it  for  30  or  40  hours,  almost  all  the  phos- 
phorus will  become  converted  into  the  solid  amorphous  variety. 
When  the  change  appears  to  be  complete,  the  apparatus  is  allowed 
to  cool :  carbonic  disulphide  is  then  poured  upon  the  mass  in 
the  flask,  and  digested  on  it  for  some  hours :  this  is  poured  off, 
and  fresh  disulphide  added,  the  digestion  being  repeated  so  long 
as  any  phosphorus  is  dissolved  ;  this  may  be  known  by  allowing  a 
few  drops  of  the  decanted  liquid  to  evaporate  spontaneously  in  a 
watch-glass :  any  dissolved  phosphorus  will  be  left  behind. 

The  red  powder  of  which  the  undissolved  portion  consists,  if 
not  quite  free  from  unaltered  phosphorus,  takes  fire  spontaneously 
when  exposed  to  the  air ;  if  quite  pure,  it  does  not  take  fire ;  but 
it  absorbs  oxygen  very  slowly,  the  oxidation  being  more  rapid  if 
the  powder  be  moist ;  phosphorous  acid  is  gradually  formed,  and 
fit)m  its  deliquescent  character  the  powder  becomes  damp.  This 
oxidation  occurs  so  slowly  that  it  was  at  first  imagined  that 
amorphous  phosphorus  underwent  no  change  by  exposure  to  the 
air.  The  higher  the  temperature  at  which  the  transformation  is 
effected,  the  deeper  is  the  colour  of  the  product,  which  in  the  finest 
specimens  rivals  that  of  vermilion.     By  heating  the  phosphorus 
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more  strongly  during  its  preparation^  the  change  may  be  produced 
much  more  rapidly^  but  the  phosphorus  then  assumes  the  form  of 
reddish-brown  friable  masses^  with  a  conchoidal  fracture.  This 
form  of  phosphorus  is  manufactured  at  Birmingham  on  a  con- 
siderable  scale.  The  process  occupies  some  weeks^  and  is  not  un- 
attended with  danger ;  for  if  the  red  powder  be  heated  up  to  the 
point  at  which  its  re-conversion  into  the  transparent  variety  takes 
place,  the  whole  mass  suddenly  passes  back  into  the  ordinary 
form,  with  a  copious  evolution  of  heat,  followed  by  the  sudden 
formation  of  a  large  volume  of  the  vapour  of  phosphorus.  The 
purification  from  ordinary  phosphorus  may  be  effected  by  grinding 
the  mass  to  a  fine  powder  under  water  and  boiling  it  with  a  solu- 
tion of  caustic  soda  so  long  as  phosphuretted  hydrogen  is  formed. 
The  residual  red  phosphorus  is  then  thoroughly  washed  from  sodic 
hypophoephite,  and  afterwards  dried.  The  changes  produced  in 
phosphorus  by  heat  may  be  readily  watched  by  placing  a  few 
fragments  of  well-dried  phosphorus  in  a  tube,  upon  which  two  or 
three  bulbs  have  been  blown,  then  expelling  the  air  by  a  current 
of  carbonic  anhydride,  and  sealing  one  end  of  the  tube, — ^the 
open  end  being  made  to  dip  into  mercury.  On  applying  heat  to 
the  phosphorus  it  becomes  red,  but  on  continuing  to  raise  the 
temperature  it  distils  over  in  perfectly  colourless  transparent  drops, 
which  frequently  remain  liquid  for  some  hours,  though  they  ulti- 
mately solidify  to  a  transparent  colourless  mass. 

Bed  or  amorphous  phosphorus  differs  remarkably  in  many 
of  its  properties  from  the  waxy-looking  stick  phosphorus.  It 
may  be  exposed  to  the  air  without  emitting  any  odour.  It  is  not 
soluble  in  either  carbonic  disulphide,  phosphorous  chloride,  or 
benzol.  The  density  of  amorphous  phosphorus  exceeds  that  of 
the  vitreous  form ;  the  red  powder,  according  to  Brodie,  having 
a  specific  gravity  of  2*14.  It  may  be  heated  in  the  open  air 
without  change  till  the  temperature  reaches  500°  (a6o°  C.) ;  at 
this  point  it  melts  and  bursts  into  flame,  and  bums  with  the 
dazzling  brilliancy  of  common  phosphorus,  emitting  dense  frmies 
of  phosphoric  anhydride.  Chlorine  acts  directly  upon  red  phos- 
phorus without  the  application  of  heat :  the  temperature  rises, 
but  the  phosphorus  does  not  take  fire.  When  rubbed  with 
potassic  chlorate  it  detonates,  very  slight  friction  being  sufficient 
to  produce  the  action :  peroxide  of  manganese  and  peroxide  of 
lead  act  with  it  in  a  similar  way,  but  less  readily. 

The  principal  consumption  of  phosphorns  is  in  the  manaftotoTe  of  Ineifer 
matches.  In  the  nsoal  mode  of  preparing  theae  matches,  the  ends  of  the  pieces 
of  wood  are  first  dipped  in  melted  paraffin,  or  are  gammed,  and  dosted  over  with 
snlphur,  and  then  tipped  with  a  mixture,  in  which  the  chief  ingredients  are  an 
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emulsion  of  phocphoros  in  gine,  and  potassio  chlorate,  or  black  oxide  of  mangv 
nese.  The  manofactore  is  one  attended  with  danger,  from  the  highly  inflam- 
mable and  explosive  nature  of  the  ingredients  used ;  bat,  in  addition  to  this  risk, 
those  employed  in  the  business  are  liable  to  a  distressing  form  of  caries  of  the 
lower  jaw,  arising  from  the  action  of  the  fumes  of  phosphorus  upon  those  who 
inhale  them.  Of  these  evils,  the  first  is  greatly  lessened,  and  the  second  alto- 
gether avoided,  by  the  use  of  amorphous  phosphorus.  An  ingenious  plan  for 
diminishing  the  risk  of  fires  from  the  use  of  lucifer  matches  consists  in  separating 
the  phosphorus  from  the  other  combustible  ingredients ;  a  mixture  of  amorphous 
phosphorus  with  half  its  weight  of  powdered  glass  is  attached  by  means  of  sin 
to  the  rubbing  surfiice  for  kindling  the  matches ;  the  composition  with  which  they 
are  tipped  (a  mixture  of  potassic  chlorate,  anidmonious  sulphide,  and  powdered 
glass),  takes  fire  when  rubbed  upon  the  phosphorized  surface,  but  not  by  ordinary 
friction  upon  any  other  substance,  as  the  match  itself  contfdns  no  phosphorus. 

Although  vitreous  phosphorus  acts  as  a  powerful  irritant  poison 
upon  animals  when  taken  internally,  the  amorphous  variety  may 
be  swallowed  with  impunity ;  the  vitreous  phosphorus  forms  the 
active  ingredient  in  the  phosphorus  paste  frequently  used  to  destroy 
cockroaches  and  other  kinds  of  vermin. 

Owing  to  its  strong  attraction  for  oxygen^  phosphorus  reduces 
some  of  the  soluble  compounds  of  the  metals  to  the  metallic  state ; 
a  stick  of  phosphorus  placed  in  a  solution  of  auric  chloride  or  of 
argentic  nitrate  becomes  speedily  incased  in  reduced  gold  or 
silver.  Salts  of  palladium,  platinum,  and  copper,  are  also  reduced 
gradually  when  a  stick  of  phosphorus  is  immersed  in  their 
solutions. 

(445)  Oxides  of  Phosphorus. — Phosphorus  is  usually  stated 
to  furnish  four  compounds  with  oxygen,  but  only  two  of  them  are 
known  in  the  anhydrous  condition,  viz. : — 


In  100  parte. 


Phosphorous  anhydride P3O,  =  no 


lydnde r,U,  =  110        so.jo  43*^ 

dride     P,0»  =  142        4X66  nS* 


Phosphoric  anhydride     P^O^  =  142 


Photroboma. 

50-.16 


Oxygen* 
1-64 


50*34 


Phosphorus  forms  three  oxidized  acids,  which  are  respectively 
monobasic,  dibasic,  and  tribasic,  in  proportion  as  the  quantity  of 
oxygen  increases :  these  acids  are  the  following : — 

Hypophosphorous  acid  (monobasic)  HPH^Oj 
Phosphorous  acid  (dibasic)  .  .  .  H^PHOj 
Phosphoric  acid  (tribasic)     .     .     .  HjPO^ 

(446)  Phosphoric  Anhydride:  P205=i4a. — ^The  most  im- 
portant of  the  oxides  of  phosphorus  is  that  which  when  acted  on 
by  water  forms  phosphoric  acid ;  it  occurs  native  in  considerable 
quantity  in  the  form  of  tricalcic  diphosphate  (CagZPOJ.  The  an- 
hydride of  this  acid  is  the  sole  product  of  the  rapid  combustion  of 
phosphorus  in  dry  oxygen  or  in  atmospheric  air.     By  means  of 
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the  apparatus  sIiowd  in  fig.  330,  a  la^e  quantity  of  phosphoric 
anhydride  may  be  readily  obtained  in  a  few  hours :  B  is  a  three* 
necked  slobe,  in  „ 

the  centre  of 
vhich  is  sus- 
pended a  porce- 
lain dish,  c;  this 
dish  is  attached 
by  means  of  pla< 
tinomirire  to  the 
wide  tube  a  6, 
vhich  is  closed  at 
a  irith  a  cork; 
the  bottle,  /,  is 
connected  hy  the 
tube  ff,  irith  an 
aspiratfnr,  or  other 
coavenieat  means 
of  maintaining  a 
oontinuouB  current  of  air  through  the  apparatus:  the  air  as 
it  enters  is  thoroughly  dried  by  passing  over  pumice  moistened 
■with  sulphuric  acid,  in  the  tube,  d,  A  firagment  of  well  dried 
phoephonu  is  placed  in  the  dish,  c,  and  kindled  by  touching 
it  with  B  hot  wire.  As  the  phosphorus  bums  away  fresh  pieces 
are  added  through  the  aperture  a,  which  is  again  immediately 
closed  with  the  cork.  The  anhydride  thus  obtained  generally 
contains  traces  of  one  of  the  lower  oxides  of  phosphorus.  It 
forms  a  snow-white,  flocculent,  non-crystalline,  anhydrous,  but 
extremely  deliquescent,  powder,  which  fuses  at  an  elevated  tem- 
perature, and  by  a  still  stronger  heat,  approaching  to  whiteness, 
may  be  subUmed.  When  dropped  into  nater  it  combines  with  it, 
emitting  a  hissing  noise  j  the  greater  part  is  instantly  dissolved, 
leaving  a  few  gelatinous  floccuH,  which  slowly  disappear ;  PjOj  + 
3H,0=iH,P0j.  After  it  has  once  been  dissolved,  it  cannot 
again  be  converted  into  the  anhydride  by  mere  elevation  of  tem- 
perature, BS  the  whole  compound  is  gradually  dissipated  in  vapour. 
It  does  not  emit  vapour  at  ordinary  temperatures ;  owing  to  its 
powerful  attraction  for  water,  this  anhydride  is  often  used  as  a 
desiccating  and  dehydrating  agent ;  and  for  this  purpose  it  sur- 
passes in  efScacy  almost  every  known  substance. 

(447)  Hydrates  ofPhotpkoric  Acid. — The  pure  acid  is  generally 
procured  in  a  hydrated  state,  by  boiling  i  part  of  phosphorus  in 
13  parts  of  nitric  acid  of  Bp.gr,  i'30.     The  phoapfaorus  becomes 
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oxidized  by  the  nitric  acid,  which  is  decomposed  with  escape  of 
nitric  oxide^  and  the  phosphoric  acid  is  dissolved  as  it  is  formed. 
When  the  phosphorus  has  all  disappeared;  the  excess  of  nitric  acid 
is  expelled  by  evaporating  the  liquid  in  a  platinum  vessel  until 
dense  white  fumes  begin  to  arise ;  on  coolings  the  acid  solidifies 
to  a  transparent  glassy  mass^  frequently  termed  fflacial  phospkoric 
acid.  This  glacial  acid  is  extremely  deliquescent^  producing  a 
solution  which,  when  saturated^  has  a  sp.  gr.  of  2*0.  It  is  in- 
tensely acid,  but  not  caustic. 

The  oxidation  of  phosphorus  by  nitric  acid  furnishes  an  easy 
means  of  ascertaining  the  composition  of  phosphoric  anhydride. 
For  this  purpose  3*1  grms.  of  phosphorus  are  boiled  in  a  glass 
retort  with  pure  diluted  nitric  acid.  The  greater  part  of  the 
excess  of  water  and  nitric  acid  having  been  distilled  off,  the  acid 
solution  is  added  to  35  grms.  of  oxide  of  lead,  in  a  weighed 
platinum  dish :  the  liquid  is  slowly  evaporated,  and  the  residue 
ignited ;  by  a  red  heat  the  whole  of  the  nitric  acid  is  expelled,  and 
the  phosphoric  anhydride  alone  remains  in  combination  with  the 
oxide  of  lead.  The  oxide  and  anhydride  together  will  be  found 
to  weigh  42*1  grms.,  showing  an  increase  in  weight  upon  the 
phosphorus  and  oxide  of  lead  of  4-0  grms. :  31  parts  of  phos- 
phorus  therefore  require  40  parts  of  oxygen  for  conversion  into 
phosphoric  anhydride. 

A  less  pure  acid  is  procured  by  adding  to  a  solution  of  super- 
phosphate of  lime  (prepared  firom  bones  by  the  process  already 
described  as  a  preliminary  step  towards  procuring  phosphorus) 
ammonic  sesquicarbonate  till  effervescence  ceases;  tricalcic  di- 
phosphate is  precipitated,  leaving  triammonic  phosphate  in  solu- 
tion. The  precipitated  calcic  phosphate  is  separated  by  filtration, 
the  liquid  evaporated  to  dryness,  and  the  residue  ignited.  Am- 
monia is  expelled,  and  phosphoric  acid  (contaminated  with  all 
the  soluble  salts  which  the  bones  contained)  remains  behind. 

There  are  three  different  forms  of  phosphoric  acid,  each  of 
which  possesses  the  properties  of  a  distinct  acid  :  viz. — 

Metaphosphoric  acid HPO3 

Orthophosphoric  or  ordinary  phosphoric  acid  HgPO^ 
Pyrophosphoric  acid H^P^O^ 

These  different  forms  of  the  acid  retain  their  peculiar  charac- 
teristics when  dissolved  in  water,  and  form  salts  with  i,  with  3, 
or  with  4  equivalents  of  basyls,  according  as  the  metaphosphoric, 
the  orthophosphoric,  or  the  pyrophosphoric  acid  is  employed. 
Owing  to  the  important  influence  which  the  study  of  these  com- 
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filiations  lias  exercised  upon  the  theory  of  saline  combinations  in 
general^  it  will  be  necessary  to  examine  them  somewhat  in  detail. 
(448)  Orthophosphoric  (from  opBoq,  right)  or  Tribasic 
Phosphoric  Acid,  Trihydric  Phosphate  (H3POJ. — K  the  liquid 
formed  by  dissolving  the  glacial  acid  in  water  be  boiled  for  some 
time^  and  sodic  carbonate  be  then  added  until  the  solution 
becomes  slightly  alkaline^  a  tribasic  hydro-disodic  phosphate  is 
obtained^  which  on  evaporation  crystallizes  in  large  transparent 
rhombic  prisms  (Na^HPO^iaH^O).  If  this  solution  be  mixed 
with  a  neutral  solution  of  argentic  nitrate,  a  canary-yellow  pre- 
cipitate of  triargentic  phosphate  (AgjPOJ  is  formed.  Although 
this  solution  was  neutral  or  slightly  alkaline  before  admixture  with 
argentic  nitrate,  it  will  be  found  afterwards  to  have  a  decidedly 
acid  reaction  upon  litmus,  nitric  acid  having  been  liberated  : — 

Na^HFO^ + 3AgN03= AgjPO^-f  aNaNO,  +  HNO3. 

Plumbic  acetate  (PbaCjHjjOjj)  may  be  used  as  a  precipitant  in- 
stead of  argentic  nitrate,  and  in  this  case  a  white  triplumbic 
diphosphate  (PbjZPOJ  subsides.  If  this  phosphate  of  lead  be 
well  washed,  suspended  in  water,  and  exposed  to  the  action  of  a 
current  of  sulphuretted  hydrogen,  pure  orthophosphoric  acid  is 
liberated  and  becomes  dissolved  in  the  liquid,  whilst  the  black 
insoluble  plumbic  sulphide  is  formed;  Pb32P0^4-3H3S  =  2H3PO^+ 
3PbS.  The  plumbic  sulphide  may  be  removed  by  filtration,  and 
the  acid  obtained  in  deliquescent  hard,  brittle,  prismatic,  trans- 
parent crystals,  by  evaporation  in  vacuo  over  sulphuric  acid.  The 
orthophosphoric  is  a  tribasic  acid ;  and  therefore  it  requires  3 
atoms  of  a  monad  basyl  for  saturation.  The  salts  of  this  hydrate 
form  the  orthophosphates  or  common  tribasic  phosphates. 

There  are  three  varieties  of  these  salts,  which  may  be  indi- 
cated by  general  formulae  as  follows  : — 

1  Basic  phosphates M,PO^ 

2  Neutral  phosphates M^HPO^ 

3  Acid  phosphates MHjjPO^ 

It  is  not  necessary  that  the  3  equivalents  of  basyl  should  con- 
sist of  the  same  metal  in  these  salts  :  two  or  even  three  different 
basyls  may  coexist  in  the  salt ;  as,  for  example,  in  microcosmic 
salt,  or  sodio-ammonio-hydric  phosphate  (NaH^NHPO^HjO). 

In  the  first  class,  the  3  atoms  of  hydrogen  in  the  acid  have 
been  displaced  by  3  equivalents  of  a  metal,  as,  for  example^  in  the 
trisodic  phosphate  (NagPO^iaHoO) ;  these  salts  when  soluble 
have  a  strongly  alkaline  reaction :  in  the  second  class,  2  atoms  of 
the  basic  hydrogen  have  been  displaced  by  a  equivaiei!L\E  oi  9^ 
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metal ;  they  are  like  the  ordinary  rhombic  hydro-disodic  phos- 
phate (NagHPO^jiiHjO);  the  soluble  salts  of  this  class  are  neutral, 
or  have  a  feebly  alkaline  reaction :  whilst  the  third  class  contains 
only  I  equivalent  of  metal  with  2  atoms  of  basic  hydrogen ;  they 
are  of  the  form  of  the  sodio-dihydric  phosphate  (NaH^PO^H^O), 
formerly  called  the  biphosphate  of  soda;  these  salts  have  a 
strongly  acid  reaction^  and  are  often  spoken  of  as  the  super* 
phosphates. 

Tests, — The  soluble  orthophosphates  are  characterized  by  the 
yellow  triargentic  phosphate  which  their  neutral  solutions  form 
with  argentic  nitrate ;  this  precipitate  is  freely  soluble  both  in 
nitric  acid  and  in  ammonia.  They  also  yield  a  crystalline  pre- 
cipitate when  a  clear  solution  of  magnesic  sulphate^  rendered  alka- 
line by  ammonia,  is  briskly  stirred  with  them ;  this  precipitate  is 
insoluble  in  water  which  contains  free  ammonia ;  it  consists  of 
(Mg"H4NP0^6H20) :  when  ignited^  the  water  and  ammonia  are 
expelled^  and  it  becomes  converted  into  dimagnesic  pyrophosphate 
(MggPjOy),  a  compound  frequently  employed  as  a  means  of  esti- 
mating the  amount  of  phosphates  in  solutions  which  contain 
them  :  100  parts  of  the  ignited  residue  corresponding  to  63*96  of 
PjjOg.*  Neutral  solutions  of  the  orthophosphates  give  precipitates 
with  salts  of  barium  and  calcium ;  the  tribaric  and  tricalcic  di- 
phosphates are  readily  soluble  in  acetic  acid ;  but  free  phosphoric 
acid  gives  no  precipitate  in  solutions  of  the  nitrates  of  calcium, 
barium,  or  silver,  or  in  solution  of  ferric  chloride ;  when  ammonic 
molybdate  is  added  to  a  solution  of  a  phosphate  acidulated  with 
nitric  acid,  a  characteristic  yellow  precipitate  of  ammpnic  mo- 
lybdophosphate  is  formed;  the  deposition  of  this  precipitate  is 
favoured  by  boiling  the  liquid. 

The  quantity  of  phosphoric  acid  in  a  solution  may  be  ascertained,  if  neither 
sulphuric  nor  hydrochloric  acid  be  present,  by  means  of  plumbic  acetate ;  the 
solution,  before  this  salt  is  added  to  it,  should  be  neutralized  by  ammonia,  and 
then  acidulated  freely  with  acetic  acid  ;  the  precipitate  (PbHPOJ  should  be  well 
washed  and  ignited,  by  which  means  it  is  rendered  anhydrous ;  1 00  parts  of  the 
ignited  residue  represent  24*14  of  (P,OJ.  Chancel  has  lately  shown  that  the 
acid  solution  of  bismuth  trinitrate  (Bi'"3N03)  furnishes  an  admirable  method 
of  separating  phosphoric  acid  from  many  metals,  such  as  iron,  calcium,  and 
aluminum,  which  form  phosphates  soluble  only  in  acidulated  liquids.  Care  is 
requisite  to  remove  any  chlorine  or  sulphuric  acid  from  the  liquid,  before  adding 
the  solution  of  bismuth,  which  is  prepared  by  dissolving  i  part  of  the  crystal- 
lized nitrate  in  4  parts  of  nitric  acid  of  sp.  gr.  1*36,  adding  30  parts  of  water, 
then  boiling,  and  filtering  if  necessary.  In  separating  the  bismuth  phosphate 
by  this  reagent,  the  liquid  must  be  boiled,  and  the  precipitate  well  washed  with 


*  The  arseniates  give  precipitates  both  with  ammoniacal  salts  of  magnesium 
and  molybdic  acid,  similar  to  those  furnished  by  the  phosphates. 
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boiling  water  and  earefolly  dried :  loo  parts  of  biamnth  phosphate  (BiPOJ  oor- 
riwpond  to  33*28  of  pboephoric  anhydride  (P,OJ.  With  ferric  salts  phosphoric 
add  forms  an  insoluble  boff-coloored  precipitate  of  ferric  orthophosphate 
(FePO^,aH,0),  which  is  also  sometimes  employed  to  estimate  the  quantity  of 
phosphoric  aeid  in  a  solution* 

(44g)PyrophasphoricAcid;  Tetrakydr%cPyropho9phate{¥LJffi^. 
— ^When  hydro-diaodic  (rhombic)  phosphate  (NagHPO^iaH^O)  is 
exposed  to  heat,  it  melts  in  its  water  of  crystalUzatioii ;  and  by 
continuing  to  apply  to  it  a  temperature  not  exceeding  302^ 
(150^  C),  it  may  be  reduced  to  a  hard,  white,  saline  mass,  which 
may  be  redissolved  in  water  with  all  its  former  properties.  The 
dry  mass  consists  of  Na^HPO^.  K,  however,  it  be  heated  to  red« 
ness  before  redissolving,  2  atoms  of  the  salt  coalesce  and  a  new 
salt  is  formed ;  i  atom  of  water  is  expelled ;  sNa^HPO^  becoming 
Na^PjOy-l-HjO ;  on  redissolving  the  residue  in  water  and  eva- 
porating the  solution,  the  liquid  no  longer  furnishes  riiombic  but 
acicular  crystals,  composed  of  ^2L^jd^,i6Rjd ;  and  the  solution, 
instead  of  yielding  a  yellow  precipitate  with  argentic  nitrate,  now 
gives  a  white  one,  consisting  of  Ag^P^O^.  In  this  case,  the 
solution,  if  neutral  to  litmus  before  intermixture  with  the  silver 
salt,  remains  neutral  afterwards,  because  no  free  acid  is  liberated ; 
4AgN0,  -h  Na,P,07=4NaN03  H-  Ag.PgO^ 

With  a  solution  of  plumbic  acetate,  sodic  pyrophosphate  also 
occasions  a  white  precipitate,  the  composition  of  which  is  repre- 
sented by  the  formula  Pb^P^^Oy :  and  if  the  lead  salt  be  suspended 
in  water,  and  decomposed  with  sulphuretted  hydrogen,  it  yields  a 
solution  of  pyrophosphoric  acid  (H^P^Oy).  The  excess  of  sul- 
phuretted Jiydrogen  muLst  be  got  rid  of  by  exposure  to  the  air 
(not  by  heat,  otherwise  the  tribasic  acid  is  formed  by  the  assimi« 
lation  of  water;  ^jd-^-^^jd^^zM^PO^,  and  the  acid  may  be 
obtained  in  crystals  by  evaporation  in  vacuo  over  sulphuric  acid. 
This  tetra-sodic  phosphate,  from  the  mode  in  which  it  is  obtained, 
is  usually  termed  (from  ttv/o,  fire)  the  pyrophosphate  of  sodium, 
and  the  corresponding  salts  of  the  acid,  pyrophosphates.  No  solid 
pyrophosphate  of  potassium  or  of  ammonium  can  be  obtained ; 
these  salts  are  stable  while  in  solution,  but  on  evaporation  they 
become  converted  into  tribasic  phosphates  by  the  assimilation  of 
water  (Graham).  The  pyrophosphoric  appears  to  be  a  tetra-basic 
acid :  two  classes  of  pyrophosphates  may  be  procured ;  one  with 
4  atoms  of  a  fixed  basyl,  with  the  formula  M^P^O^  like  the  ordi- 
nary sodic  pyrophosphate  (Na^Pj07,ioH30) ;  the  other  containing 
2  atoms  of  hydrogen  and  a  of  a  uniequivalent  metal  (MjHjPjO^), 
corresponding  in  composition  to  the  acid  pyrophosphate  of 
sodiimi,  or  disudio-dihydric  pyrophosphate  (Naj^H^^PjO^V 
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Neutral  solutions  of  the  pyrophosphates  also  give  in  solutions 
of  salts  of  calcium  and  barium  white  precipitates^  which  are  the 
pyrophosphates  of  these  metals ;  salts  of  nickel  and  copper  when 
mixed  with  a  solution  of  sodic  pyrophosphate  yield  double  salts^ 
containing  2  atoms  of  sodium  to  3  of  the  other  metal ;  sNa^P^O^  + 
3Cu''aN03=Cu''3Na3aP307-|-6NaN03. 

(450)  Metaphosphoric  Add;  Hydric  Metaphosphate  (HPO3). 
— liy  in  preparing  the  rhombic^  or  hydro-disodic  phosphate  (448), 
two  equal  portions  of  phosphoric  acid  be  taken^  and  after  neutral- 
izing one  portion  with  sodic  carbonate^  as  above  directed^  the 
second  quantity  of  acid  be  added  to  the  neutralized  solution,  a 
tribasic  sodio-dihydric  phosphate^  consisting  of  NaH^PO^  will  be 
obtained  on  eraporating  the  liquid  to  dryness ;  but  on  igniting 
the  residue^  the  2  atoms  of  hydrogen  will  be  expelled  in  the  form 
of  water^  and  a  fusible  monobasic  phosphate  of  sodium^  or  sodic 
metaphosphate  (NaP03)^  will  remain  in  the  form  of  a  transparent 
glass.  This^  if  dissolved  in  water^  gives  with  argentic  nitrate  a 
gelatinous  white  precipitate  (AgPOj)  different  in  appearance  and 
composition  from  either  of  the  former  phosphates  of  silver ;  it  is 
soluble  in  excess  of  the  sodium  salt.  With  plumbic  acetate  a 
white  precipitate  also  is  formed  (PbaPOj) :  it  is  fusible  in  boiling 
water,  and  when  decomposed  with  sulphuretted  hydrogen  it  yields 
the  corresponding  acid  (HPO3),  which  is  distinguished  from  the 
other  hydrates  by  its  power  of  coagulating  the  albumin  of  white 
of  egg.  It  also  gives  white  precipitates  with  baric  chloride  and 
argentic  nitrate.  Acetic  acid  does  not  coagulate  albiunin,  neither 
does  a  solution  of  sodic  metaphosphate ;  but  if  the  two^  solutions 
be  mixed^  the  acetic  acid  liberates  metaphosphoric  acid,  and  the 
albumin  becomes  coagulated.  Tribasic  phosphoric  acid  by  pro- 
longed heating  to  redness  loses  water,  the  glassy  residue  being 
converted  almost  entirely  into  metaphosphoric  acid.  Sodic  meta- 
phosphate is  capable  of  combining  with  water  of  crystallization, 
which  it  retains  if  dried  at  212°  (100°  C.)  :  this  water  is  not  basic, 
for  on  again  dissolving  the  salt  it  gives  the  usual  reactions  of  the 
metaphosphates.  If,  however,  the  salt  be  heated  to  302°  (150°  C.), 
it  does  not  lose  weight,  but  becomes  converted  into  the  disodio-^ 
dihydric  pyrophosphate,  the  water  by  the  application  of  heat 
having  changed  its  function  in  the  salt,  its  hydrogen  having  now 
become  basic  (Graham)  : — 

Uydrated  aodio  P;propho8pb«t«  of 

metaphosphate.  Bomam  and  hjdrogen. 

2NaP03,HjjO   becomes   NajHjjPgOy. 
This  change  of  properties  in  the  salt,  without  any  change  in  the 
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proportions  of  its  components,  here  admits  of  a  satisfactory  expla- 
nation ;  and  it  is  a  striking  and  instructive  illustration  of  the 
facility  with  which  chemical  compounds,  by  a  change  in  molecular 
constitution,  may  sometimes  give  rise  to  substances  the  proper- 
ties of  which  may  be  very  different,  though  the  results  of  their 
analysis  in  loo  parts  may  numerically  coincide. 

Sodic  metaphosphate  forms  with  salts  of  barium  a  white  in- 
soluble baric  metaphosphate  (BaaPQ,) ;  but  this  precipitate  when 
boiled  becomes  gradually  dissolved,  assimilating  2  atoms  of  water, 
and  becoming  converted  into  the  tribasic  baric-tetrahydric  di- 
phosphate (BaH^2P0J.  The  metaphosphoric  is  a  monobasic 
acid.     Solutions  of  the  metaphosphates  redden  litmus  feebly. 

The  aqueous  solution  of  metaphosphoric  acid,  when  boiled, 
becomes  converted  into  the  ordinary  tribasic  acid,  consequently 
it  cannot  be  concentrated  by  the  action  of  heat,  HPOj-l-HgO 
becoming  HjPO^ :  but  the  solution  may  be  preserved  at  common 
temperatures  without  change. 

The  following  table  furnishes  a  synoptic  view  of  some  of  the 
principal  phosphates,  metaphosphates,  and  pyrophosphates  : — 

I.  Obthophobphates.    MjPO^;  MjHPO^;  MH,P04. 

Trisodio  phofiphate Na3P04.i3HjO 

Hjdrodisodic  (rhombic)  phosphate Ka,HP04.iaH20 

Sodio-dibydric  (acid)  phosphate       NaHsPOf.H^^O 

Microooemic  «alt        NaH4NHP04.4H20 

Calcic  phosphate  (native)      Ca''j2P04 

Superphosphate  of  calcium Ca''H42P04 

Ammonio-magnesic  phosphate        Mg''H4N,P04.6H30 

Ferric  pho«phate       Fe'''P04.2H,0 

Triplumbic  phosphate  Pb%3P04 

Bismuthic         „  ...         ...         ...         ...  Bi^P04 

Triargentio        „        (yellow)         Ag,P04 

II.  Metaphosphates.    MPO,. 

Sodic  metaphosphate  ...         KaPO| 

Plumbic        „  ...         ...         ...         ...         Pb''2P0j 

Argentic       „  ...         AgPO, 

III.  Ptbophosphatks.    M4PP7;  MM'jPjO,. 
Sodic  pyrophosphate  ....      Na4P20y.ioH20 

Plumbic        t*  •••         •••         •••         •••         *  b  j*  jv/7 

Pyrophosphate  of  copper  and  sodium         Cu'',Na22P207 

Argentic  pyrophosphate       ...         ...         ...         ...         Ag4P207 

Fleitmann  and  Henneberg  (Liehig's  Ann.  Ixv.  3  24)  have  described  two 
classes  of  salts  which  are  probably  anhydro-phosphates.  By  melting  sodic  pyro- 
phosphate and  sodic  metaphosphate  together,  in  the  proportion  of  1  atom  of 
the  pyrophosphate  and  2  atoms  of  the  metaphosphate,  they  obtained  a  salt,  a, 
consisting  of  2Na,P0^,P,0^ ;  and  by  fusing  8  atoms  of  the  metaphosphate  with 
1  atom  of  the  pyrophosphate,  a  definite  sodium  salt^  b,  was  obtained,  which  con- 

II.  Q 
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tilted  of  4Ns,PO,,3P,0, ;  both  theM  Mita  are  Ter;  nnaUble,  md  in  tolation 
MSH  qaicklf  into  a  miitore  of  pjTophoaphate  and  metaphogphato.  DeGnite  Mlta 
nf  lilver  and  of  magneciutn  coireaponding  to  these  cxinipoandi  were  obtained. 

FlritmaDD  and  Heaneberg  propon  to  represent  tbeM  variong  claMes  of  aalta 
u  IbllowB,  comparing  quantitiea  of  each  which  contain  eqnal  amauuta  of  metallic 
bu;l,  tbe  quanldtj  of  phoaphoric   anhjdride  suoceMJvel;  increaaing  in  each 

Ortbophoephatee  6JI,0,2P,0.  or  4.M,P0, 

Pyro^wephatei  6M,0,3P,0.        3M,P,0, 

Fleitmann  and  Henoeberg,         a  6M,0,4P,0^         3M,P,0„ 

Ditto  ditto  6         6  M,0,  r,  V,(\  M„P„0„ 

Metaphoapbatea  6M,0,hp,(},      iiMPO, 

which  ca««  the  pyropboaphatee,  m  well  a«  the  aalta  diMovered  by  Fleitmann 
and  Henoeberg,  would  he  cDinponnde  of  the  orthophoaphatsa  with  different  pro- 
portioni  of  a  roetaphoaphate,  ApyTophoaphate.for  eianiple,niayberepi:e«ented 
thus;  Na.PO^aP0,  =  Na^P.O, ,  the  wilt  a  being  Na,P0,,3NaP0,  = 
Ka,P,0„.  and  the  aalt  h  bring  Na,P0^.9NaP0,=  Ha„P,.0„. 

Modifieatiom  of  MefapAotphorie  Aeii. — If  tbe  (rdinary  or  glasej  eodic 
metaphoapbate  be  fiiaed  and  allowed  to  cool  verf  alowly  it  fumiehea  a  beantifal 
ajataUiDe  maaa,  and  thai,  when  dimolTed  in  a  amall  quantity  of  hot  water,  forma 
a  liquid  which  dividea  into  two  atrata ;  tbe  amaller  of  these  contains  nnchanged 
Bodic  metaphoapbate ;  but  the  bulk  of  the  liqnid  ia  a  eolution  of  the  cryataUine 
aalt,  which  may  be  obtained  on  evaporation  in  oblique  rhombie  priam* 
(6NaP0^iaH,0)  :  the  aolution  of  this  aalt  is  nntrml  and  haa  a  cooling  aaline 
taate,  wbiUt  that  of  tbe  ordinary  or  vitreous  metaphoapbate  ia  iuaipid.  The 
cryHtaUine  aalt,  by  boiling,  is  rapidly  converted  into  tbe  acid  orthophoaphate  or 
eodic  dibydrie  phoaphate  (JfaH^POJ )  a  beautifully  crjatallized  silver  aalt,  con- 
sisting of  6AgP0,,aH(0,  may  be  obtained  from  the  cryHtaUine  sodium  aalt  by- 
precipitation,  and  a  similar  lead  salt  (3Pb2?0,,3H,0)  may  also  be  procured. 

Maddrell  {Procttd.  Cktm.  Soc.,  1847,  p.  373)  has  described  a  aeries  of 
monobasio  metaphoepbatea  which  are  anhydrous,  crystalline,  and  insoluble  in 
water,  but  soluble  in  oil  of  vitriiJ.  They  were  formed  by  heating  a  aolution  of 
the  sulphate  or  nitrate  of  the  metal  with  an  eieesa  ofphospborie  acid,  ootil  the 
aalpburic  or  other  acid  of  tbe  salt  was  expelled.  Salts  of  potasHium.  sodium, 
aluminum,  eopper,  nickel,  and  others  were  thus  procured.  Tbe  aodiam  salt,  if 
prepared  with  phofphoric  acid  which  contains  magnesium,  or  auj  metal  isomor- 
phous  with  magnesiDui,  forms  an  iDsoluble  double  metaphospbate  :  the  magne- 
sium dooMe  salt  is  crystal  line,  and  oonaista  of  (3Hg2PO,.lNaFO,).  These 
different  varieties  of  metapboepbatei<  are  anppoaed  to  be  dne  to  the  eiiatence  of 
several  polymeric  varietiea  of  metaphoaphoric  acid,  bat  the  subject  needs  further 
invntigation. 

(451)  PnoBPHORora  Anhydride  (PgOj)  may  be  procured  by 
burning  pboapbonu  in  a  limited  current  of  dry  air.  A  white, 
volatile,  deliquescent,  inflammable  powder,  destitute  of  cryBtalline 
structure,  is  thua  obtained,  often  mixed  with  small  quantities  of 
oxide  of  phosphorus  and  phosphoric  anhydride. 

Phctphorotu  acid ;  IKAyrfriej.iojp*»**(H,PIIO,)  may  be  obtained  in  soln- 
tion  by  transmitting  a  stream  of  chlorine  very  slowly  through  a  deep  layer  of 
phoephoma  melted  under  water,  ao  that  each  bnbhie  of  gas  shall  be  completely 
absorbed  by  the  phoapborua;  phoaphoroua  chloride  (PCI,)  is  formed,  and  is  im- 
mediaUly  decomposed  by  the  water  into  hydrochloric  and  pbosphoroua  acids; 
PCI,  +  3H,0  =  H^PHO,  +  3HCI.     If  the  acid  liquid  be  concentrated  by  a  heat 
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not  exceeding  392**  (200^  C.)f  hydrochloric  acid  is  expelled,  and  the  acid  in  ob- 
tained in  deliquescent  rectangular  prisms.  When  exposed  to  the  air  it  gradually 
absorbs  oxygen ;  and  by  a  high  temperature  it  is  decomposed  into  phosphoric 
acid  and  phwphuretted  hydrogen  (4H,PH0,  =  jH^PO^  +  H,P).  It  is  also  fur- 
nished in  a  less  pnre  form,  by  the  slow  combustion  which  occurs  when  phosphorus 
is  left  exposed  to  the  action  of  the  atmosphere ;  this  may  be  safely  effected  by 
placing  sticks  of  phosphorus  separately  in  tubes  open  at  both  ends,  the  lower 
aperture  of  the  tube  being  a  little  contracted  so  as  to  prevent  the  phosphorus 
from  falling  out;  a  number  of  these  tubes  are  then  placed  in  a  funnel,  and  the 
dense  acid  liquid  which  is  gradually  formed  drains  into  a  vessel  placed  for  its 
reception.  In  this  process  phosphorous  acid  is  first  produced ;  the  acid  being  de- 
liquescent attracts  moisture  from  the  air,  and  then,  by  gradually  absorbing 
oxygen,  it  forms  phosphoric  acid.  The  oxidation  never  proceeds  so  far  as  to 
convert  the  whole  into  phosphoric  acid ;  the  liquid  therefore  contains  a  mixture 
of  phosphorous  and  phosphoric  acids,  which  was  at  one  time  supposed  to  be  a 
peculiar  oxide  of  phosphorus,  and  was  termed  phoiphatic  acid. 

Pkospkiies. — Phosphorous  acid  is  dibasic,  and  forms  two  classes  of  salts, 
the  general  formula  of  its  normal  salts  being  M^PHO,,  while  that  of  the  acid 
phosphites  is  M'HPHO,.  Normal  sodic  phosphite,  for  instance,  consists  of 
Na,PH0,,5H,0 ;  when  heated  to  300^  C,  the  5  atoms  of  water  are  expelled. 
The  acid  phosphite  of  barium,  dried  at  100^  C,  consists  of  baric  dibydro-diphos- 
phite  (BaHjiPHOJ.  The  acid  phosphites  when  heated  emit  hydrogen  gas, 
whilst  a  metaphosphate  remains  behind ;  for  example  (BaH,2PH0J  becomes 
Ba2P0,  +  2H,.  The  normal  phosphites  when  heated  emit  both  hydrogen 
and  phosphuretted  hydrogen  ;  for  instance,  plumbic  phosphite,  5PbPH0,  =s 
Pb,aPO^  +  Pb,P,0,  +  H,P  +  H,.  Free  phosphorous  acid  does  not  immediately 
reduce  potassio  permanganate,  unless  heated  with  it ;  a  reaction  which  distin- 
guishes it  from  hypophosphorous  acid,  which,  even  in  the  cold,  rapidly  discharges 
the  colour  of  the  permanganate  in  acid  solutions.  The  normal  phosphites  of  the 
alkali-metals  are  freely  soluble,  most  others  but  sparingly  so ;  amongst  them 
plumbic  phosphite  is  the  least  soluble ;  it  is  also  insoluble  in  acetic  acid.  With 
a  solution  of  corrosive  sublimate  (HgCl,),  acidulated  with  acetic  acid,  the  phos- 
phites give  a  white  precipitate  of  calomel,  the  formation  of  which  is  hastened  by 
heating  the  liquid.  Another  characteristic  reaction  is  the  reduction  of  sulphurous 
acid  by  a  solution  of  the  phosphites,  with  evolution  of  sulphuretted  hydrogen, 
attended  by  simultaneous  precipitation  of  sulphur,  owing  to  the  action  of  the 
sulphurous  acid  on  the  sulphuretted  hydrogen  :^ 

3H,PH0,  +  H,SO,  =  3H,P0,  +  H,8. 

(452)  Hypophosphorous  Acid  ;  Hydric  hypophospMte 
(HPH^Oj). — This  compound  was  formerly  considered  to  be  an 
acid  of  phosphorus  with  a  still  smaller  quantity  of  oxygen  than 
the  preceding,  but  its  anhydride  has  never  been  obtained.  One 
of  the  hypophosphites  is  produced  whenever  phosphorus  is  boiled 
with  a  solution  of  caustic  potash  or  soda^  or  with  a  hydrate  of 
one  of  the  alkaline  earths.  It  may  be  procured  in  combination, 
by  Rose's  method  of  boiling  phosphorus  with  hydrate  of  baryta  in 
water ;  phosphuretted  hydrogen  escapes^  and  on  evaporation  a 
barium  salt  is  obtained^  composed  of  BaaPHjOj,  owing  to  the  fol- 
lowing decomposition:  3(BaO,HjO)-|-2P4-|-6H,0=3(Ba2PHjO,) 
+  2H2P;  and  on  adding  sulphuric  acid  cautiously,  puie  Viy^ 
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phosphorous  acid  is  obtained  in  solution^  whilst  the  barium 
is  separated  as  sulphate.  Baric  hypophosphite  may  also  be  pre- 
pared by  heating  phosphorus  with  a  solution  of  baric  sulphide^ 
when  free  hydrogen  with  phosphuretted  and  sulphuretted  hydrogen 
escape ;  the  last  traces  of  baric  sulphide  are  removed  by  the  addi- 
tion of  a  little  plimibic  sulphate.  Hypophosphorous  acid  forms 
an  uncrystallizable  syrup^  which  has  a  sour^  bitterish  taste ;  its 
acid  properties  are  but  feebly  marked^  and  its  solution  gradually 
absorbs  oxygen  from  the  air.  When  heated^  it  first  loses  water  ; 
and  by  a  stronger  heat  is  decomposed^  emitting  phosphuretted 
hydrogen,  whilst  phosphoric  acid  is  set  free ;  aHPH^Oj  becoming 
HgPO^-fHjP.  Owing  to  the  partial  decomposition  of  the  phos- 
phuretted hydrogen,  a  little  phosphorus  is  generally  deposited  at 
the  same  time,  and  a  corresponding   quantity  of  hydrogen  is 

liberated. 

Hifpophosphites, — The  researches  of  Dulong,  of  Rose,  and  of  Wartz  have 
shown  that  the  hypophosphites  are  monobasic,  consequently  the  acid  forms  bat 
a  single  claiw  of  salts,  of  which  the  normal  formula  is  M'PH,0,.  Sodic  hypo- 
phosphite,  for  example,  consists  of  NaPH^O, ;  the  lead  salt  may  be  represented 
as  Pb2PH,0,.  They  correspond,  therefore,  to  the  monobasic  phosphates,  but 
2  atoms  of  hydrogen  have  taken  the  place  of  i  atom  of  oxygen  in  the  radicle  of 
the  acid.  The  hypophosphites  are  all  soluble  in  water ;  many  of  them  crystallize 
easily,  by  spontaneous  evaporation  ;  the  crystallized  salts  may  be  preserved  un- 
changed, but  their  solutions,  when  evaporated  at  a  high  temperature,  are  gra- 
dually converted  into  phosphites  by  absorption  of  oxygen.  Like  phosphorous 
acid  they  reduce  gold  and  silver  from  their  saltH.  The  hypophosphites  of  the 
alkali-metals  contain  no  water  of  crystallization  :  they  are  deliquescent,  and  also 
soluble  in  alcohoL*  Calcic  hypophosphite  (Ca2PH,0,)  requires  about  6  parts 
of  cold  water  for  solution,  and  is  scarcely  more  soluble  in  boiling  water.  Each 
atom  of  the  barium  salt  retains  an  atom  of  water  when  crystallized  at  ordinary 
temperatures,  but  if  crystallized  from  a  boiling  solution  is  deposited  in  anhydrous 
tables  (Ba2PH,0j).  Magnesic  hypophosphite  (Mg2PH,0,,6H,0)  crystallizes 
in  brilliant,  regular  octohedra,  which  are  efflorescent.  The  hypophosphites  of 
nickel,  cobalt,  and  iron,  also  retain  6H,0 ;  those  of  zinc  and  manganese  retain 
but  I  atom  of  water  of  crystallization,  which  they  lose  at  302°  (150°  C.) 
Those  of  potassium,  sodium,  ammonium,  and  strontium,  copper  and  lead,  contain 
no  water  of  crystallization. 

Hypophosphorous  acid  is  distinguished  from  phosphorous  acid 
by  a  remarkable  reaction  with  the  salts  of  copper ;  if  to  an  excess 
of  free  hypophosphorous  acid  a  solution  of  cupric  sulphate  be 
added,  and  the  liquid  be  warmed  to  about  130°  (55°  C),  a  solid 
insoluble  hydride  of  copper  (CuH)  is  precipitated.  On  raising 
the  liquid  which  contains  the  precipitate,  to  the  boiling-point, 
this  hydride  is  decomposed  into  hydrogen  gas  and  metallic  copper. 


*  Sodic  hypophosphite,  which  is  now  prepared  largely  for  medicinal  pur- 
poses, sometimes  explodes  spontaneously  during  the  evaporation  of  its  aqueous 
solution. 
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(453)  OxiDB  OF  Phosphorus  (P^O). — ^A  gtill  lower  degree  of  oxidation  of 
phoephoms  exists,  which  possesses  neither  acid  nor  alkaline  properties.  It  is 
always  formed  in  small  quantity  when  phosphorus  is  humed  in  air,  and  is  one 
of  the  constituents  of  the  yellow  or  red  residue  after  the  comhustion  has  termi- 
nated. It  is  not,  however,  a  compound  of  any  importance.  Oxide  of  phosphorus 
has  neither  smell  nor  taste,  and  is  quite  insoluhle  in  water. 

(454)  Phosphides  of  Hydrogen. — ^None  of  the  compounds  of 
phosphorus  with  hydrogen  is  possessed  of  acid  characters :  these 
compounds  are  three  in  number :  viz.  H3P ;  H,P,  and  HP^.  The 
first  is  gaseous^  the  second  liquid^  and  the  third  solid^  at  ordinary 
temperatures. 

Phosphuretted  hydrogen  gas :  Phosphorous  trihydride  (H3P 
=34) ;  BeL  wt,  17;    Theoretic  Sp.  Gr.  1*175 ;    Observed,  1*185; 


Atomic  and  MoL  Vol.  \  \  |. — ^Phosphuretted  hydrogen  is  a  highly 
inflammable  colourless  gas^  with  a  foetid  alliaceous  odour^  lique- 
fiable  imder  pressure ;  it  is  slightly  soluble  in  water ;  when  trans- 
mitted through  solutions  of  certain  metallic  salts  such  as  those  of 
lead,  copper,  or  mercury,  it  is  absorbed  and  decomposed  j  phos- 
phides of  the  metals  are  produced  and  are  precipitated.  Those 
of  lead  and  copper  are  black,  that  of  mercury  is  yeUow.  Solu- 
tions of  the  salts  of  gold  and  silver  are  reduced  to  the  metallic 
state,  and  phosphoric  acid  is  found  in  solution.  When  the  gas 
is  pure  it  is  wholly  absorbed  by  a  solution  of  chloride  of  lime. 
It  is  decomposed  by  sulphurous  acid,  as  well  as  by  chlorine, 
bromine,  and  iodine.  A  mixture  of  the  gas  with  air  or  with 
oxygen  explodes  at  a  temperature  of  302°  (150°  C.),  or  some- 
times even  at  common  temperatures,  if  the  pressure  be  suddenly 
diminished.  In  this  gas  half  a  volume  of  the  vapour  of  phos- 
phorus and  3  volimies  of  hydrogen  are  condensed  into  the 
space  of  2  volumes.  Its  composition  may  therefore  be  thus 
represented : — 

Bj  weight.  Bj  toL  8p.  gr. 

Phoftphorua     ...       P      =    31     or    pi'iS        0*5    or    0*25    =     1*071 

Hydrogen       ...       H,    =      3  8*82        3*0  1-5      =    0*104 


Phoaphuretted )      jjp    ^  ^^.^       ^.^  ,.^      ^     ,.,^g 

hydrogen      ) 

The  combining  volume  of  phosphuretted  hydrogen  is  the  same 
as  that  of  ammonia,  to  which  it  is  analogous  in  composition  ;  but 
it  is  without  action  upon  cither  red  or  blue  litmus.  Some  indi- 
cation of  a  basic  character  is,  however,  shown  by  it,  for  it  com- 
bines with  certain  of  the  acids  in  definite  proportions.  For  ex- 
ample, its  compound  with  hydriodic  acid  (H3P,HI)  is  formed  by 
the  imion  of  equal  volumes  of  the  two  gases,  which  in  the  act  of 
combination  do  not  undergo  condensation^  for  its  vapoux,  aACOtdxsi^ 
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to  Bineau,  has  a  density  of  2*77 ;  it  crystallizes  in  cubes^  which 
fiise  at  a  moderate  heat^  and  if  air  be  excluded  it  may  be 
sublimed  without  alteration.  These  crystals  are  deliquescent^ 
and  are  decomposed  by  water  into  hydriodic  acid  and  phosphu- 
retted  hydrogen  gas.  This  compound  is  easily  prepared  by  in- 
troducing into  a  smaU  retort  127  parts  of  dry  iodine  ground  up 
with  powdered  glass^  and  31  parts  of  phosphorus  in  small  frag- 
ments^ then  adding  20  parts  of  water ;  the  vapours  which  come 
off  consist  of  the  compound  mixed  with  an  excess  of  hydriodic 
acid ;  the  hydriodate  of  phosphuretted  hydrogen  is  condensed  in 
crystals  in  the  neck  of  the  retort^  if  it  be  kept  cool.  A  similar 
compound  may  be  obtained  with  hydrobromic  acid.  Hofinann 
and  Cahours  have  shown  that  by  displacing  the  hydrogen  in 
gaseous  phosphide  of  hydrogen^  by  ethyl  and  other  analogous 
hydrocarbons^  compounds  may  be  obtained  which  neutralize  acids^ 
and  are  powerfully  basic. 

Phosphuretted  hydrogen  combines  with  the  perchlorides  of 
many  of  the  metals^  such  as  those  of  tin^  titanium^  antimony,  and 
iron.  These  compounds  are  decomposed  by  water^  with  escape  of 
phosphuretted  hydrogen  gas. 

Preparation. — Phosphuretted  hydrogen  gas  may  be  obtained  in 
a  state  of  purity  by  the  decomposition  of  phosphorous  acid  by 
heat;  4H3PHO3  yielding  3H3PO4-I-H3P;  hypophosphorous  acid 
gives  an  analogous  result,  2HPH3O2,  becoming  HjPO^-f  H3P. 

Phosphuretted  hydrogen,  however,  is  generally  prepared  by 
heating  fragments  of  phosphorus  with  a  strong  solution  of 
caustic  potash,  or  with  cream  of  lime ;  hypophosphite  of  the 
metal  is  formed,  with  extrication  of  phosphuretted  hydrogen; 
P^-fSHgO-f  3KHO  becoming  3KPH3O3  +  H3P.  When  potash 
is  used,  free  hydrogen  is  also  evolved,  owing  to  the  gradual  de- 
composition of  the  hypophosphite  when  boiled  with  excess  of  fr^e 
alkali,  and  the  formation  of  phosphate.  The  gas  so  obtained  has 
the  remarkable  property  of  taking  fire  spontaneously  in  atmo- 
spheric air  or  in  oxygen  gas ;  if  allowed  to  escape  into  the  air  in 
bubbles,  each  bubble  as  it  breaks  produces  a  beautiful  white 
wreath  of  phosphoric  anhydride,  composed  of  a  number  of  ringlets 
revolving  in  vertical  planes  around  the  axis  of  the  wreath  itself^ 
as  it  ascends ;  thus  tracing  before  the  eye,  with  admirable  dis- 
tinctness, the  rapid  gyratory  movements  communicated  to  the  air 
contained  in  a  bubble,  when  it  is  allowed  to  burst  upon  the 
surface  of  a  still  sheet  of  water.  If  the  bubbles  be  allowed  to 
rise  into  a  jar  of  oxygen,  a  brilliant  flash  of  light,  attended  with 
3  slight  concussion^  accompanies  the  bursting  of  each  bubble. 
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Owing  to  the  spontaneous  inflamniation  of  the  gas  it  should  be 
made  in  small  yessels  containing  but  little  atmospheric  air. 
Graham  has  shown  that  the  addition  of  small  quantities  of  the 
vapour  of  some  inflammable  bodies^  such  as  ether^  naphtha^  and  oil 
of  turpentine^  destroys  this  self-lighting  power ;  and  that  porous 
bodies,  such  as  charcoal^  also  remove  it.  On  the  other  hand,  the 
gas  obtained  from  phosphorous  acid  is  not  self-lighting,  but  the 
addition  of  so  small  a  quantity  as  t  ^ '^  ^  ^  of  its  bulk  of  the  vapour 
of  nitrous  anhydride  confers  this  property  upon  it. 

(455)  Liquid  JPhotphide  qfhyd/rogen:  H,P,  or  Hj^P,? — ^The  singular 
property  which  phospharetted  hydrogen  possesses,  in  certain  cases,  of  igniting 
spontaneously  when  mixed  with  free  oxygen  long  remained  without  explanation ; 
as  a  careful  analysis  indicated  little  or  no  difference  in  composition  between  the 
self-lighting  gas  and  the  other  variety,  which  does  not  possess  this  property. 
The  true  cause  of  the  phenomenon  was,  however,  traced  a  few  years  ago  \fj 
P.  Th^nard,  to  the  presence  of  a  minute  quantity  of  the  vapour  of  another  phoa- 
phide  of  hydrogen  (H^P^),  which  takes  fire  the  instant  that  uncombined  oxygen 
is  presented  to  it  (Ann,  de  Chimie,  III.  xiv.  5).  This  compound  exists  at 
ordinary  temperatureM  as  a  volatile  liquid,  which  by  exposure  to  light  is  decom- 
posed into  a  yellow,  solid,  and  but  slightly  inflammable  phosphide  (HP,),  and 
into  the  non-self-lighting  gas  (H,P) ;  for  H.^P.  =  HP,  +  3H,P.  It  had  long 
been  remarked,  although  analysis  showed  no  diflference  between  the  self-lighting 
and  the  common  gas,  that  when  the  former  is  exposed  to  the  sunlight  for  a  few 
hours,  a  solid  yellow  compound  is  deposited  in  small  qtiantity  upon  the  sides  of 
the  vessel,  whUst  the  gas  loses  its  self-lighting  power ;  and  that  this  power  is 
alto  destroyed  by  exposing  the  gas  to  a  g^eat  degree  of  cold.  This  effect  is 
evidently  due,  in  the  case  of  the  exposure  to  sunlight,  to  decomposition  of  the 
inflammable  compound,  and  in  the  case  of  the  application  of  cold,  to  its  conden- 
sation into  the  liquid  form. 

Liquid  phosphide  of  hydrogen  may  be  prepared  by  conducting  the  gas  which 
is  disengaged  by  the  action  of  water  upon  phosphide  of  calcium  (CaP),  through 
a  bent  tube  immersed  in  a  freezing-mixture  of  ice  and  salt ;  a  colourless  liquid 
of  high  refracting  power  is  thus  condensed.  It  takes  fire  the  instant  that  it 
comes  into  contact  with  ur,  and  bums  with  the  intense  white  light  of  phosphorus. 
Solar  light  quickly  decomposes  it  into  the  solid  phosphide  (HP,)  and  into  the 
gaseous  phosphuretted  hydrogen.  If  a  little  of  the  vapour  of  this  liquid  be 
allowed  to  diffuse  itself  through  hydrogen,  carbonic  oxide,  or  any  other  combus- 
tible gas,  it  confers  upon  it  the  property  of  taking  fire  spontaneously  when  mixed 
with  atmospheric  air  or  with  oxygen. 

(456)  Solid  Fhotpkide  of  hydrogen  (HP,). — ^The  liquid  phosphide  is  im- 
mediately decomposed  by  hydrochloric  acid,  and  the  solid  yellow  phosphide  of 
hydrogen  is  formed.  This  substance  is  readily  prepared  by  treatmg  phosphide 
of  calcium  (649)  with  hot  hydrochloric  acid.  It  is  insoluble  in  water  and  in 
aloohoL  When  heated  with  a  solution  of  potassio  hydrate  the  compound  is  dis- 
solved, and  phosphuretted  hydrogen  gas  is  liberated.  There  appear  to  be  two 
varieties  of  the  solid  phosphide,  one  of  a  yellow,  the  other  of  a  green  colour ; 
they  do  not  differ  from  each  other  in  composition.  The  solid  yellow  hydride  of 
phosphorus  takes  fire  at  about  302^  (150^  C). 

(457)  Chlobides  of  Phosphorus. — ^With  chlorine  phosphorus 
forms  two  compounds^  a  trichloride^  FCl^  corresponding  to  ^ViOAr 
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Mitfiuf,  Uj  enter  §0  lon^  aa  it  is  absorbed :  or  it  may  be  formed 


*  Th«  Ta(p«>fir  Tolniii^  of  tiiis  compocizid  b  accmabod^  PtatadilorMe  of 
pfMnrpfcATTW  maj  be  snpponed  ta  l)e  formed  by  the  xmioo  of  equal  toIqxdcs 
of  ehiortne,  and  th«  Tspoor  of  tiie  tridiioride  (Cahoars).  In  a  large  number  of 
CMti  wbcfv  two  bodies  eombbie  in  tlie  proportioo  of  eqnai  Tolames  of  their 
comgaonU,  no  eoodeototioo  oocan,  as  was  long  since  indicated  bj  Gaj-Lnasac 
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by  treating  trichloride  of  phosphorus  in  a  tall  glass  with  an  excess 
of  chlorine.  Pentachloride  of  phosphorus  is  also  now  prepared 
on  a  considerable  scale  by  dissolving  phosphorus  in  carbonic 
disulphide  and  transmitting  dried  chlorine  in  excess  through  the 
solution  which  is  cooled  artificially  during  the  operation ;  the 
pentachloride  is  deposited  in  crystals  &om  the  solution  on  evapo- 
ration. It  forms  a  white  crystalline  solid,  which  volatilizes  below 
1 00°  C.  whilst  still  solid,  but  it  may  be  fused  under  pressure.  In 
the  flame  of  a  lamp  it  bums,  producing  chlorine  and  phosphoric 
anhydride  :  with  ammonia  it  combines  readily.  It  is  very  deliques- 
cent, and  by  a  large  excess  of  water  is  immediately  decomposed 
into  phosphoric  and  hydrochloric  acids;  PCl--|-4HjO  forming 
HsP0,+5Ha. 

(460)  PhospAoryl  chloride,  PhospJwric  oxytrichloride ;  or 
Oxyckloride  of  phosphorus  (POCljSs  153*5;  Rel.  wt.  7675);  Sp. 
Gr.  of  Liquid,  17  ;   of  Vapour,  5*298 ;  Boiling-pt.  230®  (no®  C); 


MoL  Vol,  I  \  [. — This  compound  is  formed  when  the  vapour  of 
water  is  allowed  to  mingle  slowly  with  that  of  the  pentachloride, 
hydrochloric  acid  and  oxychloride  of  phosphorus  being  the  result. 
The  reaction  is  as  follows:  PCl5-hH20=POCl3  +  2Ha.  The 
oxychloride  is  a  limpid,  volatile,  fuming  liquid,  which  is  decom- 
posed by  the  further  addition  of  water  into  phosphoric  and  hydro- 
chloric acids. 

Phosphoric  oxytrichloride  may  be  obtained  with  facility  by 
Gerhardfs  plan  of  distilling  i  part  of  crystallized  boracic  acid 
with  4^  parts  of  phosphoric  chloride,  when  the  following  reaction 
occurs :  3PCI5  +  %{UBO^,lljJ)  =3POCl3+ 6HC1h-  BgO,.  The 
oxychloride  is  readily  condensed,  whilst  hydrochloric  acid  passes 
off  in  the  form  of  gas,  leaving  boracic  anhydride  in  the  retort. 
Crystallized  oxalic  acid  may  be  substituted  for  boracic  acid  in 
this  operation,  but  it  does  not  answer  quite  so  well.  The  oxy- 
chloride may  also  be  prepared  by  heating  the  pentachloride  with 
phosphoric  anhydride ;  3PCl5-|-P505=5POCl3. 

Both  the  chlorides  and  the  oxychloride  of  phosphorus  have 
been  extensively  used  in  the  preparation  of  various  organic  sub- 
stitution-products, particularly  the  oxychlorides  and  anhydrides 
of  the  organic  acids. 

(461)  Phosphoric  sulphoirichloride,  or  Sulphochloride  of  phosphorus 
rPSCl3=:  169-5;  Sp.  Gr.  of  Uquid,  1*631;  (f  Vapour,  ySjS;  MoL  Vol. 
LJUj  ;  Sel.  wt.  8475  »  Boiling-pt.  257®  (125°  0.)],  w  a  compound  oorrespond- 
ing  to  the  oxytrichloride,  but  containing  sulphur  instead  of  oxygen.  It  is  ob- 
tained bj  decomposing  phosphoric  chloride  with  sulphuretted  hydrogen: 
VC\  +  H,S,  yielding  PSCl,  +  2HCI.  It  may  be  procured  still  more  easUy  by 
the  gradual  addition  of  powdered  antimonious  sulphide  to  phoephoriQ  chVoT\d&\ 
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3PCI,  +  Sb,S,  =  3PSCa,  +  aSbCl,.  Salphotrichloride  of  phoephoruB  id  a  fuming, 
ooloarless  liquid,  which,  if  heated  with  a  solution  of  caustic  soda  in  ezoess,  ex- 
changes its  chlorine  for  oxygen;  aodic  chloride  is  formed,  and  a  triaodio 
sulpkoryphospkcUe  may  be  obtained  in  six-sided  tabular  crystals  which  contain 
1 2H,0.  The  composition  of  this  salt  is  analogous  to  that  of  the  trisodic  pho8« 
phate,  but  the  two  are  not  isomorphous.  The  following  equation  explains  the 
changes  which  accompany  its  production  (Wurtz);  PSCI,  +  6NaH0  =  Ns^PSO,  + 
jNaCl  +  jHjO.  CJorresponding  compounds  with  barium,  calcium,  and  strontium 
may  be  formed  by  double  decomposition  with  the  sodium  salt ;  they  are  white 
and  insoluble. 

(463)  Bbomides  of  Phosfhobus. — A  Tribromide  [PBr, ;  8p,  Or,  at  32^ 
(o®  C.),  2*925 ;  Bailinff'pt  347*''j  (175^*3  C.)],  Fentdbnnnide  and  O^bro^ 
mids  of  phosphorus,  analogous  to  the  corresponding  compounds  with  chlorine, 
may  be  formed  by  similar  methods. 

(463)  Iodides  of  Phosphorus. — ^Two  iodides  of  phosphorus 
may  be  formed,  viz.^  a  diniodide  and  a  triiodide  (Corenwinder, 
Ann.de  Chimie,  III.  xxx.  242).  The  Diniodide  (Pl2=285)  ma^ 
be  obtained  by  dissolving  i  part  (or  i  atom)  of  phosphorus  in 
carbonic  disulphide,  and  adding  8^  parts  (or  2  atoms)  of  iodine 
by  cooling  the  mixture  artificially^  thin  flexible  prismatic  crystals 
of  the  iodide  are  deposited^  of  a  bright  orange  colour.  This 
iodide  melts  at  230®  (i  10°  C),  and  is  decomposed  by  water, 
hydriodic  acid  being  one  of  the  products. 

Phosphorotuf  iodide,  or  Triiodide  of  phosphorus  (Pl3=4i2). — 
This  compound  may  be  obtained  in  a  manner  similar  to  the  last, 
by  dissolving  i  part  of  phosphorus  and  12^  parts  of  iodine  in  car«^ 
bonic  disulphide ;  the  liquid  is  concentrated  by  evaporation,  and 
on  cooling  it  by  a  freezing  mixture,  dark  red,  six-sided  plates  are 
formed;  it  melts  between  122*^  and  131®  (50®  and  55°  C),  and 
on  cooling  crystallizes  in  fine  prisms.  It  deliquesces  rapidly  when 
exposed  to  the  air. 

Brodie  (Q.  J,  Cfiem.  Soc.  v.  289)  finds  that  iodine,  when 
heated  with  phosphorus  in  the  proportion  of  i  atom  of  iodine  to 
ICO  atoms  of  phosphorus,  converts  nearly  the  whole  of  the  phos- 
phorus into  the  red  variety  described  by  Schrotter.  When  phos- 
phorus was  placed  in  a  long  tube,  and  heated  till  it  just  melted, 
and  iodine  was  projected  gradually  into  the  phosphorus,  the  iodine 
was  dissolved,  colouring  the  phosphorus  slightly  red ;  when  heated 
by  an  oil-bath  to  212°  (100*^  C),  the  colour  became  deep  red ;  and 
between  248°  and  266®  (120°  and  130®  C),  a  scarlet  powder  was 
deposited  on  the  sides  of  the  tube ;  at  284°  (140°  C.)  the  mass 
was  quite  solid,  and  on  raising  the  heat  to  392^  (200°  C),  a  sharp 
explosion  took  place :  a  sudden  evolution  of  heat  occurred,  and 
the  cork  which  closed  the  tube  was  blown  out  by  the  vapour 
of  phosphorus.  The  red  mass  may  be  distilled  in  closed  tubes, 
and  when  it  is  condensed  in  the  cooler  portions  of  the  tubes  it  is 
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still  in  the  red  modification.  The  changes  which  occur  in  the 
process  are  supposed  to  be  the  following :  firsts  the  formation  of 
diniodide  of  phosphorus ;  next,  the  transformation  of  this  iodide 
by  heat  into  an  allotropic  iodide ;  and  thirdly,  the  decomposition 
of  this  new  iodide  into  red  phosphorus  and  a  volatile  iodide,  which 
acts  upon  a  further  portion  of  the  phosphorus ;  and  thus  the  action 
is  indefinitely  continued. 

(464)  Phospham  (HNjPP). — If  phosphorooB  cUoride  be  cooled  by  a 
freezing  mixture,  and  saturated  with  ammoniacal  gas,  a  white  saline  msM 
(5H,N,FC1,)  is  obtained ;  it  is  to  be  introduced  into  a  tube  of  Bohemian  glass, 
and  heated  to  redness  in  a  current  of  diy  carbonic  anhydride  as  long  as  any  sal 
ammoniac  is  sublimed:  a  yellowish-white  bulky  amorphous  powder  remains 
behind :  this  substance  is  Bose's  photphids  qf  nitrogen  ;  but  there  can  be  no 
doubt  that  it  contains  hydrogen,  it  is  the  phospham  of  Gerhardt ;  probably  its 
composition  should  be  represented  by  the  formula  given  above.  In  closed  vessela 
it  sustains  a  red  heat  wiUiout  fusion  or  volatilization,  but  when  heated  in  air  it 
is  slowly  oxidized,  with  formation  of  phosphoric  anhydride ;  if  projected  into 
fused  potassic  hydrate,  it  is  decomposed  with  incandescence,  tripotassic  phosphate 
being  formed,  whilst  ammonia  and  nitrogen  are  disengaged  :  but  it  is  remark- 
able that  dry  chlorine  and  hydrochloric  acid  gases,  and  the  vapour  of  sulphur, 
are  without  action  upon  it,  even  at  a  red  heat ;  and  it  is  but  very  slowly  attacked 
by  concentrated  nitric  acid.  Solutions  of  the  alkalies  exert  scarcely  any  action 
upon  it  When  heated  in  hydrogen,  ammonia  is  formed.  It  combines  with 
sulphuretted  hydrogen,  and  if  heated  in  a  current  of  this  gas,  the  new  compound 
as  it  is  formed  is  slowly  sublimed  in  the  form  of  a  white  powder.  See  also  Glad- 
stone {J.  CAem,  Soe.,  1864,  225 ;   1865,  i ;  1866,  I  and  290). 

(465)  Sulphides  of  Phosphobus. — Sulphur  and  phosphorus  may  be 
melted  together  in  all  proportions :  several  definite  compounds  exist  between 
them,  corresponding  in  composition  with  the  oxides  of  phosphorus;  and  in 
addition  to  these,  a  combination,  PS,,  may  be  formed  (Berzelius).  All  the  sul« 
phides  of  phosphorus  are  more  fusible  than  either  element  separately,  and  are 
exceedingly  inflammable;  most  of  them  may  be  obtained  in  crystals.  They 
combine  with  the  sulphides  of  the  alkali-metals,  and  form  a  series  of  definite 
salts.  The  combination  of  sulphur  with  phosphorus  should  be  gradually  effected 
under  warm  water ;  great  heat  is  extricated  by  their  union,  and  the  experiment 
requires  to  be  conducted  very  carefully,  in  order  to  avoid  explosion. 


CHAPTER  IX. 

SILICON     AND      BORON. 

§  1.  Silicon^  ob  Silicium  :  Si =28:  Tetrad,  as  in  SiCl^. 

(466)  Analogies  of  the  Silicon  Group. — Silicon  presents  a  cer^ 
tain  analogy  with  boron  in  its  tendency  to  unite  with  fluorine  and 
with  nitrogen.  Silicon  likewise  exhibits  a  similar  resemUanoe  to 
titanium  and  tin  not  only  in  these  particulars^  but  in  its  power  of 
forming  an  oxide  with  2  atoms  of  oxygen^  and  in  its  production 
of  a  volatile  liquid  tetrachloride.     The  double  fLuorviea  ^loi^Vv 
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Ml  tli^  mt^M  mmai  ^mAmacoff^  v>  4  aerjBt  cf  brcpcvR. 

*W«y|ii//it  v>4iirf  ^mt^MJ^X  ^4  tbs-  ^arcL't  crrsft.  It  »  the 
i«*l  4^HMtU$Mit  *4  /Stfejr  <ir  fIfAt,  and  keroee  ifae  ori;^  of  thr  tmn 
^uvtH^  \u  tffA^  Uf  tA^ain  tht  t^ewtxt  in  it»  imcoinbined  fonii« 
•  mitinm  ^4  fltt/^'^pdir  vitfa  fii^  qaartzoie  ausd  cv  ^rcfond  llmts  is 
ti^mMl  with  /iy>ri/5#mtraited  «a]pfanriir  add ;  a  gaieoos  tecraflnoride 
#/  ni\U'jffii  m  ffmt0ui,  vbicfa  in  partiallj  folaUe  in  vater.  prodncing 
m$  MdfM  nfAnium,  Tbin  a/rid  liqaid,  when  neutralized  with  a  sohi- 
li//ri  //f  itutudU'.  iffdMMh,  jMdn  a  uparingly  solable  salt  (iKF^SiFJ. 
Tliin  i^/tuMi/;  %\\m4ittonAt  ui  t/i  be  thoraogUr  dried,  and  mixed 
ill  a  ^liiM  Of  ir//ii  tube  with  eight  or  nine-tenths  of  its  weight  of 
firitiuMiiiiri^  and  \umU'A.  VtAwmic  fluoride  is  formed,  whilst  silicon 
U  ntAiU'tvA  and  {lartially  crmibined  with  the  excess  of  potassium ; 
iKK^MiP^^-^K^ssHi  +  ^KF.  The  mass,  when  cold,  is  treated 
with  ifold  WhU^r,  whir;h  [inxluces  a  copious  extrication  of  hydrogen 
Him,  owinK  Up  thi?  der^rniiK^ition  of  the  water  by  the  excess  of 
|M;taiMiiim.  ^Hic  wanhing  with  cr>ld  water  is  continued  so  long  as 
any  alkalini)  n;fti;tion  ufmn  test-paper  is  observed;  when  this 
iWfi%(*M,  it  nifiy  finally  be  well  washed  with  boiling  water,  so  long  as 
anyiliifiK  In  (lisnolvcd.  Hrxliummay  be  advantageously  substituted 
for  |Nit.fiNNiuni  in  this  (experiment,  in  the  proportion  of  i  part  of 
NiNlinni  to  2  r)f  th(f  NJIinofluoride.  Silicon  may  also  be  obtained 
by  lic'iitinf(,  in  a  riirrcnt  of  the  vapour  of  silicic  chloride,  potassium 
or  Nodiuni  phic(Ml  in  pon^clain  trays,  in  a  glass  tube,  which  it  is 
biiNi  to  proin^t  by  lining  it  with  thin  plates  of  mica. 

HilicuMi  may  bo  obtained  in  two  distinct  modifications,  viz., 
ilio  amorphoii$  and  tho  cryntalline  modification. 

I ,  AmortihouM  Silicon. — When  procured  by  the  processes  above 
doNrrilicMl,  Hiliron  pn^sents  the  appearance  of  a  dull  brown  powder, 
inNolublo  iu  wntor,  in  which  it  sinks.  It  is  a  non-conductor  of 
riootririty  j  it  noiIn  the  fingers  when  touched ;  it  is  riot  acted  upon 
by  nitrio  or  Mulphurio  acid,  but  is  readily  soluble  in  hydrofluoric 
aoidi  and  in  a  warm  solutitm  of  caustic  potash.  Wlien  heated  in 
air  t»r  in  oxvgtni  it  burns  brilliantly,  and  is  converted  into  silica. 


CRYSTALLINE   AND   OBAFHITOID   SILICON.  237 

whicli  fuses  from  the  intense  heat  emitted^  and  fonns  a  superficial 
coating  over  the  unburnt  silicon. 

2.  Crystalline  Silicon. — ^The  brown  powder  just  described^  if 
heated  intensely  in  a  closed  platinum  crucible^  parts  with  a  trace 
of  hydrogen^  shrinks  greatly^  becomes  much  denser^  and  darker 
in  colour^  and  undergoes  a  remarkable  change  in  properties. 
After  such  ignition^  the  silicon  may  be  heated  strongly  in  air  or 
in  oxygen^  even  when  urged  in  the  blowpipe  flame^  without  taking 
fire :  it  has  become  suflSciently  heavy  to  sink  in  oil  of  vitriol,  and 
it  resists  the  action  of  pure  hydrofluoric  acid^  although  if  treated 
with  a  mixture  of  nitric  and  hydrofluoric  acids  it  is  rapidly  dis- 
solved. It  may  even  be  fused  with  nitre  or  with  potassic  chlorate 
without  undergoing  oxidation ;  but  if  the  heat  be  urged  to  white- 
nesSy  the  silicon  burns  brilliantly  in  the  nitre ;  the  oxidation^  how- 
ever,  is  much  hastened  by  the  addition  of  a  little  potassic  car* 
bonate ;  the  mixture  then  deflagrates  briskly^  even  though  it  may 
be  at  a  much  lower  temperature :  by  fusion  with  potassic  car- 
bonate alone^  silicon  is  easily  and  completely  oxidized ;  in  both 
cases  silica  is  formed^  and  is  immediately  dissolved  by  the  melted 
alkaline  carbonate^  firom  which  it  displaces  a  portion  of  carbonic 
anhydride.  The  properties  of  this  compact  form  of  silicon  much 
resemble  the  graphitoid  modification  described  by  Deville  and  by 
Wohler^  who  obtained  the  silicon  in  crystalline  plates^  by  treating 
an  alloy  of  silicon  and  aluminum  in  succession  with  boiling 
hydrochloric  and  hydrofluoric  acids,"^  when  the  silicon  remains 
behind  in  the  form  of  plates^  which  have  a  sp.  gr.  of  2'49^t  and 
a  metallic  lustre.  It  may  also  be  obtained  by  fusing  i  part  of 
aluminum  with  5  of  glass  free  from  lead,  and  10  of  powdered 
cryolite^  treating  the  black  mass  with  hydrochloric  acid,  and  then 
with  hydrofluoric.  In  this  form  silicon  is  a  conductor  of  elec- 
tricity ;  it  may  be  heated  to  whiteness  in  a  current  of  oxygen 
without  undergoing  change,  but  it  is  gradually  dissolved  by  a  mix- 
ture of  hydrofluoric  and  nitric  acids,  though  it  is  oxidized  but 
very  slowly  when  fused  with  potassic  hydrate.     When  heated  in  a 


*  Silicon  appears  to  have  the  same  sort  of  tendency  to  combine  with  almnt* 
nam  that  carbon  has  to  unite  with  iron.  The  alloy  is  easily  formed  by  heating 
alaminum  in  a  Hessian  cracible  with  from  20  to  40  times  its  weight  of  dry 
potassic  silicofluoride,  fasing  the  two  together  for  a  quarter  of  an  hoar,  and  then 
allowing  the  crucible  to  cool  slowly. 

t  Prof.  W.  U.  Miller  has  shown  (Proceed,  Boy.  See.  xv.  11)  that  the 
plates  of  so-called  graphitoid  silicon  are  really  only  modifications  of  the  octohedral 
form,  in  which  two  parallel  faces  are  much  larger  than  any  of  the  other  facet, 
while  two  other  parallel  faces  are  either  too  small  to  be  observed,  or  are  alto- 
gether wanting. 
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current  of  hydrochloric  acid^   a  Yolatile    liquid,    cUoro-leukon 
(SijH^CljQ  ?)  is  formed  (477),  whilst  hydrogen  gas  is  liberated. 

According  to  DeviUe  {Ann.  de  Chinde,  III.  xlix.  65),  silicon  re- 
quires for  its  fusion  a  temperature  between  the  melting-point  of 
cast  iron  and  that  of  steel.  In  order  to  fuse  it  he  introduces  the 
silicon  into  a  platinum  crucible  lined  with  lime  and  protected  by 
an  outer  clay  crucible :  the  whole  is  then  intensely  heated  in  a  wind 
furnace.  If  the  lining  of  lime  cracks,  and  the  silicon  reaches  the 
platinum,  the  crucible  is  spoiled,  owing  to  the  formation  of  a  plati- 
num silicide.  Fused  silicon  may  also  be  procured  when  the  mix- 
ture of  sodic  chloride  with  reduced  silicon  (obtained  by  igniting 
sodium  in  the  vapour  of  silicic  chloride),  detached  as  far  as  possible 
from  adhering  fragments  of  porcelain,  is  placed  in  a  crucible  lined 
with  charcoal,  and  exposed  to  intense  heat  in  a  forge ;  the  sodic 
chloride  becomes  volatilized,  and  the  silicon  is  fused  into  globules  in 
the  midst  of  the  melted  glass.  These  globules  frequently  show  well- 
marked  indications  of  crystallization ;  they  have  a  dark,  steel-grey 
Colour,  and  a  lustre  like  that  of  specular  iron  ore :  now  and  then  the 
silicon  is  found  crystallized  in  regular  double  six-sided  pyramids. 
It  may  also  be  obtained  in  regular  six-sided  prisms,  terminatec^  by 
three-sided  pyramids,  derived  from  the  octohedron,by  exposing  ppre  . 
aluminum  in  porcelain  trays,  heated  intensely  in  a  porcelain  tube,  to  *«V 
a  current  of  the  vapour  of  silicic  chloride :  the  aluminum  is  volati-  .  ^^1 
luied  as  aluminic  chloride,  leaving  the  silicon  in  crystals  which  have  - 
a  reddish  lustre ;  they  are  hard  enough  even  to  cut  glass  like  the 
diamond.  Crystals  of  silicon  may  likewise  be  procured,  and  with 
less  difficulty,  by  heating  an  earthen  crucible  to  redness,  and 
introducing  a  mixture  of  3  parts  of  potassic  silicofluoride  with  i 
part  of  sodium,  cut  into  small  pieces,  and  4  of  pure  granulated 
zinc.  The  mixture  must  be  maintained  at  a  red  heat,  but  below 
the  temperature  necessary  to  volatilize  the  zinc,  until  the  slag 
is  completely  melted :  it  must  then  be  allowed  to  cool  slowly. 
The  mass  of  zinc  thus  obtained  contains  long  needles  of  silicon 
formed  of  octohedra,  inserted  one  into  the  other:  much  of 
the  zinc  may  be  extracted  by  partial  fusion  at  a  low  tem- 
perature, and  the  zinc  which  runs  from  the  pasty  mass  in 
which  the  silicon  is  retained  may  be  employed  again  in  a  similar 
operation :  the  zinc  which  still  adheres  to  the  silicon  may  be  re- 
moved by  digestion,  first  in  hydrochloric,  and  afterwards  in  boil- 
ing nitric  acid.  If  a  very  high  temperature  be  employed  in  this 
operation  the  whole  of  the  zinc  may  be  expelled,  and  the  silicon 
obtained  in  the  fused  condition.  Deville  and  Caron  have  in  this 
way  {Ann.   de  Chimie,   III.    Ixvii.  440)    fused   several    hundred 
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grammes  of  silicon  tinder  a  layer  of  potassic  silicofluoride  at  a 
temperature  near  that  at  which  cast  iron  melts^  and  they  have 
cast  it  into  lai^  cylindrical  bars  without  sensible  loss  by  oxida- 
tion. These  bars  exhibited  a  brilliant  surfietce^  which  was  not 
altered  by  exposure  to  air. 

Silicon  forms  with  oxygen  but  a  single  oxide,  the  well-known 
compound^  silica,  or  silicic  anhydride. 

Wohler  has,  however,  discovered  a  remarkable  series  of  com- 
poimds  into  the  composition  of  which  both  oxygen  and  hydrc^n 
enter :  one  of  these  he  calls  silicon  (Si^H^O^  ?)  reserving  the  term 
silicium  for  the  element ;  another  he  has  named  leukon,  Si3H^0g ; 
these  bodies  are  evidently  analogous  to  those  obtained  by  Brodie 
from  graphite  {note,  p.  73). 

(468)  Silicic  Anhydride  or  Silica ;  Silicic  dioxide  (Si03=6o); 
Sp.  Gr.  cryst.  2*642  ;  Amorphous  %'% — 2*3  ;  Comp.  in  100  parts. 
Si,  46*66 ;  O,  53*34. — Berzelius  represented  this  compound  as  a 
trioxide,  giving  the  atomic  weight  of  silicon  as  22,  if  that  of 
oxygen  be  8.  There  are,  however,  reasons  which  render  it  more 
probable  that  it  contains  only  2  atoms  of  oxygen,  and  that  it 
corresponds  in  composition  to  carbonic  anhydride :  for  example, 
I  atom  of  silicic  chloride,  when  converted  into  vapour,  instead  of 
forming  an  exception  to  the  general  rule,  as  it  does  upon  the 
theory  of  Berzelius,  would  then  produce  2  volumes  of  vapour  as 
usual :  and  in  decomposing  fiised  potassic  carbonate  by  the  addi- 
tion of  finely  divided  silica,  it  is  found  that  the  whole  of  the  car- 
bonic anhydride  is  expelled  when  the  proportion  of  silica  is  to  the 
carbonate  as  60  to  138.*  This  view  has  the  advantage  of  greater 
simplicity,  and  it  will  be  employed  in  this  woik.  According  to 
the  experiments  of  Dumas,  100  parts  of  silica  contain  46*7  of 
silicon,  and  53*3  of  oxygen. 

Silica  occurs  in  two  modifications,  the  crystalline  and  the  amor- 
phous.   In  the  crystalline  state  it  has  the  higher  specific  gravity. 

Pure  crystalline  silica  occurs  in  rock  crystal  and  in  some 
forms  of  quartz,  crystallized  in  six-sided  prisms,  transversely 
striated,  and  terminated  by  six-sided  pyramids.  Amethyst  is  a 
purple  variety  coloured  with  oxide  of  iron  (ferric  acid?).  Silica 
is  found  nearly  pure  in  agcUe  and  calcedony,  which  consist  of  a 


*  The  eiperiments  of  Colonel  Torke  {Pkil,  2V*aii#.  1857)  have,  however, 
shown  that  the  proportion  of  carbonic  anhydride  expelled  by  equal  weights  of 
silica  from  an  exccMS  of  the  different  carbonates,  varies  with  the  natore  of  the 
base;  sodic  carbonate  losing  a  larger  proportion  than  potassic  carbonate,  and 
lithic  carbonate  more  than  sodic  carbonate,  where  eqoal  quantities  of  silica  were 
cm^ojed* 
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to  Bineau,  has  a  density  of  2*77 ;  it  crystallizes  in  cubes^  which 
fuse  at  a  moderate  heat^  and  if  air  be  excluded  it  may  be 
sublimed  without  alteration.  These  crystals  are  deliquescent^ 
and  are  decomposed  by  water  into  hydriodic  acid  and  phosphu- 
retted  hydrogen  gas.  This  compound  is  easily  prepared  by  in- 
troducing into  a  small  retort  127  parts  of  dry  iodine  ground  up 
with  powdered  glass^  and  31  parts  of  phosphorus  in  small  frag- 
ments^ then  adding  20  parts  of  water ;  the  yapours  which  come 
off  consist  of  the  compound  mixed  with  an  excess  of  hydriodic 
acid ;  the  hydriodate  of  phosphuretted  hydrogen  is  condensed  in 
crystals  in  the  neck  of  the  retort^  if  it  be  kept  cool.  A  similar 
compound  may  be  obtained  with  hydrobromic  acid.  Hofinann 
and  Cahours  have  shown  that  by  displacing  the  hydrogen  in 
gaseous  phosphide  of  hydrogen^  by  ethyl  and  other  analogous 
hydrocarbons^  compounds  may  be  obtained  which  neutralize  acids^ 
and  are  powerfully  basic. 

Phosphuretted  hydrogen  combines  with  the  perchlorides  of 
many  of  the  metals^  such  as  those  of  tin^  titaniimi^  antimony,  and 
iron.  These  compounds  are  decomposed  by  water,  with  escape  of 
phosphuretted  hydrogen  gas. 

Preparation. — ^Phosphuretted  hydrogen  gas  may  be  obtained  in 
a  state  of  purity  by  the  decomposition  of  phosphorous  acid  by 
heat;  4H2PHOg  yielding  3H3PO^+H3P;  hypophosphorous  acid 
gives  an  analogous  result,  2HPH20g,  becoming  HjPO^-f  HjP. 

Phosphuretted  hydrogen,  however,  is  generally  prepared  by 
heating  fragments  of  phosphorus  with  a  strong  solution  of 
caustic  potash,  or  with  cream  of  lime ;  hypophosphite  of  the 
metal  is  formed,  with  extrication  of  phosphuretted  hydrogen; 
P^+SHgO  +  sKHO  becoming  3KPHj02-f  H^P.  When  potash 
is  used,  free  hydrogen  is  also  evolved,  owing  to  the  gradual  de- 
composition of  the  hypophosphite  when  boiled  with  excess  of  free 
alkali,  and  the  formation  of  phosphate.  The  gas  so  obtained  has 
the  remarkable  property  of  taking  fire  spontaneously  in  atmo- 
spheric air  or  in  oxygen  gas ;  if  allowed  to  escape  into  the  air  in 
bubbles,  each  bubble  as  it  breaks  produces  a  beautiful  white 
wreath  of  phosphoric  anhydride,  composed  of  a  number  of  ringlets 
revolving  in  vertical  planes  around  the  axis  of  the  wreath  itself, 
as  it  ascends ;  thus  tracing  before  the  eye,  with  admirable  dis- 
tinctness, the  rapid  gyratory  movements  communicated  to  the  air 
contained  in  a  bubble,  when  it  is  allowed  to  burst  upon  the 
surface  of  a  still  sheet  of  water.  If  the  bubbles  be  allowed  to 
rise  into  a  jar  of  oxygen,  a  brilliant  flash  of  light,  attended  with 
a  sligbt  concuMaion,  accompanies  the  bursting  of  each  bubble. 
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Owing  to  the  spontaneous  inflammation  of  the  gas  it  should  be 
made  in  small  vessels  containing  but  little  atmospheric  air. 
Graham  has  shown  that  the  addition  of  small  quantities  of  the 
vapour  of  some  inflammable  bodies^  such  as  ether^  naphtha^  and  oil 
of  turpentine^  destroys  this  self-lighting  power ;  and  that  porous 
bodies,  such  as  charcoal,  also  remove  it.  On  the  other  hand,  the 
gas  obtained  from  phosphorous  acid  is  not  self-lighting,  but  the 
addition  of  so  small  a  quantity  as  t  ^^'q  ^  ^  of  its  bulk  of  the  vapour 
of  nitrous  anhydride  confers  this  property  upon  it, 

(455)  Liquid  Phosphide  of  hydrogen:  H,P,  or  Hj^P,? — ^The  Bingalar 
property  which  phospharetted  hydrogen  poesesses,  in  oertkin  cases,  of  igniting 
spontaneously  when  mixed  with  free  oxygen  long  remained  without  explanation ; 
at»  a  carefal  analysis  indicated  little  or  no  difference  in  composition  between  the 
self-lighting  gas  and  the  other  variety,  which  does  not  possess  this  property. 
The  trae  cause  of  the  phenomenon  was,  however,  traced  a  few  years  ago  by 
P.  Th^nard,  to  the  presence  of  a  minute  quantity  of  the  vapour  of  another  phos- 
phide of  hydrogen  (H^P,),  which  takes  fire  the  instant  thi^  uncombined  oxygen 
is  presented  to  it  (Ann.  de  Chimie,  III.  xiv.  5).  This  compound  exists  at 
ordinary  temperatures  as  a  volatile  liquid,  which  by  exposure  to  light  is  decom- 
posed into  a  yellow,  solid,  and  but  slightly  inflammable  phosphide  (HP,),  and 
into  the  non-self-lighting  gas  (H,P) ;  for  H^P,  =  HP,  +  jH.P.  It  had  long 
been  remarked,  although  analysis  showed  no  difference  between  the  self-lighting 
and  the  common  gas,  that  when  the  former  is  exposed  to  the  sunlight  for  a  few 
hours,  a  solid  yellow  compound  is  deposited  in  small  quantity  upon  the  sides  of 
the  vessel,  whilst  the  gas  loses  its  self-lighting  power ;  and  that  this  power  is 
also  destroyed  by  exposing  the  gas  to  a  great  degree  of  cold.  This  effect  is 
evidently  due,  in  the  case  of  the  exposure  to  sunlight,  to  decomposition  of  the 
inflammable  compound,  and  in  the  case  of  the  application  of  cold,  ta  its  conden- 
sation into  the  liquid  form. 

Liquid  phosphide  of  hydrogen  may  be  prepared  by  conducting  the  gas  which 
is  disengaged  by  the  action  of  water  upon  phosphide  of  calcium  (CaP),  through 
a  bent  tube  immersed  in  a  freezing-mixture  of  ice  and  salt ;  a  colourless  liquid 
of  high  refracting  power  is  thus  condensed.  It  takes  fire  the  instant  that  it 
comes  into  contact  with  air,  and  bums  with  the  intense  white  light  of  phosphorus. 
Solar  light  quickly  decomposes  it  into  the  solid  phosphide  (HP,)  and  into  the 
gaseous  phosphuretted  hydrogen.  If  a  little  of  the  vapour  of  this  liquid  be 
allowed  to  diffuse  itself  through  hydrogen,  carbonic  oxide,  or  any  other  combus- 
tible gas,  it  confers  upon  it  the  property  of  taking  fire  spontaneously  when  mixed 
with  atmospheric  air  or  with  oxygen. 

(456)  SoUd  Phosphide  qf  hydrogen  (HP,). — ^The  liquid  phosphide  is  im- 
mediately decomposed  by  hydrocUoric  acid,  and  the  solid  yellow  phosphide  of 
hydrogen  is  formed.  This  substance  is  readily  prepared  by  treating  phosphide 
of  calcium  (649)  with  hot  hydrochloric  acid.  It  is  insoluble  in  water  and  in 
aicohoL  When  heated  with  a  solution  of  potassic  hydrate  the  compound  is  dis- 
solved, and  phosphuretted  hydrogen  gas  is  liberated.  There  appear  to  be  two 
varieties  of  the  solid  phosphide,  one  of  a  yellow,  the  other  of  a  green  colour ; 
they  do  not  differ  from  each  other  in  composition.  The  s<^d  yellow  hydride  of 
phosphorus  takes  fire  at  about  302^  (150^  C). 

(457)  Chlorides  of  Phosphorus. — ^With  chlorine  phosplxoruA 
forms  two  compoiiDd^^  a  tricbloride,  FCl^^  correspondiiig  to  ^Q^- 
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phorous  anhydride^  and  a  pentachloride^  PClg,  which  corresponds 
to  phosphoric  anhydride.  So  strong  is  the  chemical  attraction 
between  these  elements^  that  in  an  atmosphere  of  chlorine,  phos- 
phorus immediately  takes  fire.  The  following  table  shows  the 
composition  of  these  chlorides,  and  of  two  of  their  derivatives : — 

In  I09  parts. 


Trichloride  of  phosphorus 
Peutachloride 
Oxytrichloride 
Sufphotrichloride 


tt 


$f 


PCI,  =  1375 

PCI,  =  208-5 

POCI,  =  IS3S 

PSCl,  =  1695 


Pbosph. 

Chlorine. 

Oxjgen. 

33'g4 

J7-46 
85-14 

14*86 

30*19 

6938 

IO*43 

18-28 

62*84 

8  olphur. 


ilphotrichloride   „  PSClj  =  169*5       i8'28      62*84  i8-88 

(458)  THchloride,  or  Terchloride  of  phosphorus ;  Phosphorous 
chloride  (PCl3=  137*5) ;  Sp.  Gr.  of  Vapour,  Theoretic,  4750; 
Observed,  4*875 ;  of  Liquid,  r6i6  at  3a®  (0°  C.) ;  Boiling-pt.  I73°*3 
(78°*5  C.) ;  Mol.  Vol.  [^rj;  Rel.  wt.  68*75.— This  liquid  is  some- 
times  prepared  by  causing  the  vapour  of  phosphorus  to  pass  over 
corrosive  sublimate  placed  in  a  long  tube,  and  gently  heated ;  but 
it  may  be  obtained  more  easily  and  abundantly  by  transmitting  a 
gentle  stream  of  perfectly  dry  chlorine  gas  through  dry  and 
melted  phosphorus  contained  in  a  retort ;  the  operation  may  be 
conducted  in  the  same  manner  as  in  the  preparation  of  the 
chloride  of  sulphur  (fig.  318) ;  the  trichloride  distils  as  a  very 
volatile,  transparent,  colourless,  fuming  liquid.  It  dissolves 
phosphorus  freely,  and  is  itself  soluble  in  benzol  and  in  carbonic 
disulphide  :  alcohol  and  ether  decompose  it  with  evolution  of 
great  heat,  giving  rise  to  various  new  compounds.  It  is  also 
immediately  decomposed  by  a  large  excess  of  water,  and  forms 
phosphorous  and  hydrochloric  acids;  PCI3  +  3H2O,  yielding 
HgPHOg-f  3HCI.  Trichloride  of  phosphorus  absorbs  chlorine 
greedily,  and  is  converted  into  the  peutachloride ;  at  a  boiling 
temperature  it  also  absorbs  oxygen  and  furnishes  the  oxy- 
trichloride. 

(459)  Peutachloride  or  Perchloride  of  phosphorus ;  Phosphoric 
chloride  {PCl5= 208*5) ;    Theoretic    Sp,  Gr.   of    Vapour,   3t$oi ; 

r"* — ^ 

Observed,  at  5^2°  (300°  C),  3*654.  Rel.  wt.^2'i  ;  Mol.  Vol. 


— This  compound*  is  obtained  by  placing  dry  phosphorus  in  a 
flask  provided  with  a  stopcock,  exhausting  the  air,  and  allowing 
chlorine  to  enter  so  long  as  it  is  absorbed ;  or  it  may  be  formed 


*  The  vapour  volume  of  this  compound  is  anomalous.  Pentachloride  of 
phosphorus  may  he  supposed  to  he  formed  hy  the  union  of  equal  volumes 
of  chlorine,  and  the  vapour  of  the  trichloride  (Cahours).  In  a  large  numher  of 
oases  where  two  hodies  oomhine  in  the  proportion  of  equal  volumes  of  their 
ooniponente,  no  condensation  oocars,  as  was  long  since  indicated  hy  Gay-Lussac. 
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by  treating  trichloride  of  phosphorus  in  a  tall  glass  with  an  excess 
of  chlorine.  Pentachloride  of  phosphorus  is  also  now  prepared 
on  a  considerable  scale  by  dissolving  phosphorus  in  carbonic 
disulphide  and  transmitting  dried  chlorine  in  excess  through  the 
solution  which  is  cooled  artificially  during  the  operation ;  the 
pentachloride  is  deposited  in  crystals  from  the  solution  on  evapo- 
ration. It  forms  a  white  crystalline  solid^  which  volatilizes  below 
1 00°  C.  whilst  still  solid^  but  it  may  be  fused  under  pressure.  In 
the  flame  of  a  lamp  it  bums^  producing  chlorine  and  phosphoric 
anhydride  :  with  ammonia  it  combines  readily.  It  is  very  deliques- 
cent^ and  by  a  large  excess  of  water  is  immediately  decomposed 
into  phosphoric  and  hydrochloric  acids;  PCI.+4H2O  forming 
HjPO.  +  sHCl. 

(460)  Phoaphoryl  chloride,  Phosphoric  oxytrichloride ;  or 
Oxy chloride  of  phosphorus  (POClj^  153*5;  Rel.  wt,  7675);  Sp. 
Gr.  of  Liquid,  17  ;   of  Vapour,  5*298  ;  Boiling-pt.  230®  (110°  C); 


MoL  Vol.  I  \  \, — This  compound  is  formed  when  the  vapour  of 
water  is  allowed  to  mingle  slowly  with  that  of  the  pentachloride^ 
hydrochloric  acid  and  oxychloride  of  phosphorus  being  the  result. 
The  reaction  is  as  follows:  PCl6  +  H30=POCl3  +  2Ha.  The 
oxychloride  is  a  limpid^  volatile^  fuming  liquid^  which  is  decom- 
posed by  the  further  addition  of  water  into  phosphoric  and  hydro- 
chloric acids. 

Phosphoric  oxytrichloride  may  be  obtained  with  facility  by 
Gerhardf  s  plan  of  distilling  i  part  of  crystallized  boracic  acid 
with  4}  parts  of  phosphoric  chloride,  when  the  following  reaction 
occurs:  3PCl5  +  2(HBOjpHjO)=3POCl3+6Ha+B203.  The 
oxychloride  is  readily  condensed,  whilst  hydrochloric  acid  passes 
off  in  the  form  of  gas,  leaving  boracic  anhydride  in  the  retort. 
Crystallized  oxalic  acid  may  be  substituted  for  boracic  acid  in 
this  operation,  but  it  does  not  answer  quite  so  well.  The  oxy- 
chloride may  also  be  prepared  by  heating  the  pentachloride  with 
phosphoric  anhydride ;  3PCl5-|-P,05=5POClj. 

Both  the  chlorides  and  the  oxychloride  of  phosphorus  have 
been  extensively  used  in  the  preparation  of  various  organic  sub- 
stitution-products, particidarly  the  oxychlorides  and  anhydrides 
of  the  organic  acids. 

(461)  Phaspkorie  sulphoirichloride,  or  Sulphoehloride  qf  phospkorus 
rPSCI,=  i69-5;  Sp.  Or.  qf  Uquid,  1*631;  qf  Vapour,  ^'^^^i  Mol.  Vol. 
LTU;  Rel.  wt.  8475  »  Roiling-pt.  257**  (125®  C.)],i8  a  compound  correspond- 
ing to  the  oxytrichloride,  hat  containing  snlphar  instead  of  oxygen.  It  is  ob- 
tained hy  decomposing  phosphoric  chloride  with  sulpharetted  hydrogen: 
PCI,  +  H,S,  yielding  PSC),  +  2HCI.  It  may  he  procured  still  more  easily  hy 
the  gradoid  addition  of  powdered  antimonious  sulphide  to  pVioBpVtonQ  dAondA*. 
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3PCI,  4-  Sb,S,  =  jPSa,  +  iSbCl,.  Sulphotrichloride  of  phoephonu  id  a  faming, 
oolourless  liquid,  which,  if  heated  with  a  aolation  of  caustic  coda  in  excess,  ex- 
changes its  chlorine  for  oxygen;  sodic  chloride  is  formed,  and  a  trisodio 
sulpkoryphospkate  may  be  obtained  in  six-sided  tabular  crystals  which  contain 
1  aH,0.  The  composition  of  this  salt  is  analc^us  to  that  of  the  trisodio  phos- 
phate, but  the  two  are  not  isomorphous.  The  following  equation  explains  the 
changes  which  accompany  its  production  (Wurtz);  PSCl,  +  6NaH0  =  Na^PSO,  -»- 
jNaCl  +  3H,0.  Corresponding  compounds  with  barium,  calcium,  and  strontium 
may  be  formed  by  double  decomposition  with  the  sodium  salt ;  they  are  white 
and  insoluble. 

(462)  Bbomides  of  Phosphobus. — A  Tribromide  [PBr, ;  8p.  Or.  at  32° 
(o**C.),  2*925;  Boiling-pt,  347*'"j  (i75**'3  C.)],  Fentahromide  and  Oiyhro* 
mide  of  phosphorus,  analogous  to  the  corresponding  compounds  with  chlorine, 
may  be  formed  by  similar  methods. 

(463)  Iodides  of  Fhosfhorus. — ^Two  iodides  of  phosphorus 
may  be  formed,  viz.,  a  diniodide  and  a  triiodide  (Corenwinder^ 
Ann.de  ChinUe,  III.  xxx.  242).  T/ie  Diniodide  (Pl2=285)  may 
be  obtained  by  dissolving  1  part  (or  i  atom)  of  phosphorus  in 
carbonic  disulphide^  and  adding  8|>  parts  (or  2  atoms)  of  iodine 
by  cooling  the  mixture  artificially,  thin  flexible  prismatic  crystals 
of  the  iodide  are  deposited,  of  a  bright  orange  colour.  This 
iodide  melts  at  230°  (110°  C),  and  is  decomposed  by  water, 
hydriodic  acid  being  one  of  the  products. 

Phosphorous  iodide,  or  Triiodide  of  phosphorus  (Pl3=4i2). — 
This  compound  may  be  obtained  in  a  manner  similar  to  the  last, 
by  dissolving  i  part  of  phosphorus  and  12^  parts  of  iodine  in  car- 
bonic disulphide ;  the  liquid  is  concentrated  by  evaporation,  and 
on  cooling  it  by  a  freezing  mixture,  dark  red,  six-sided  plates  are 
formed;  it  melts  between  122°  and  131®  (50®  and  55°  C),  and 
on  cooling  crystallizes  in  fine  prisms.  It  deliquesces  rapidly  when 
exposed  to  the  air. 

Brodie  (Q.  J.  Chem,  Soc.  v.  289)  finds  that  iodine,  when 
heated  with  phosphorus  in  the  proportion  of  i  atom  of  iodine  to 
ICO  atoms  of  phosphorus,  converts  nearly  the  whole  of  the  phos- 
phorus into  the  red  variety  described  by  Schrotter.  When  phos- 
phorus was  placed  in  a  long  tube,  and  heated  till  it  just  melted^ 
and  iodine  was  projected  gradually  into  the  phosphorus,  the  iodine 
was  dissolved,  colouring  the  phosphorus  slightly  red ;  when  heated 
by  an  oil-bath  to  212°  (100°  C),  the  colour  became  deep  red ;  and 
between  248°  and  266°  (120®  and  130°  C),  a  scarlet  powder  was 
deposited  on  the  sides  of  the  tube;  at  284^  (140^  C.)  the  mass 
was  quite  solid,  and  on  raising  the  heat  to  392°  (200°  C),  a  sharp 
explosion  took  place :  a  sudden  evolution  of  heat  occurred,  and 
the  cork  which  closed  the  tube  was  blown  out  by  the  vapour 
of  phosphorus.  The  red  mass  may  be  distilled  in  closed  tubes, 
and  when  it  is  condensed  in  the  cooler  portions  of  the  tubes  it  is 
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still  in  the  red  modification.  The  changes  which  occur  in  the 
process  are  supposed  to  be  the  following :  firsts  the  formation  of 
diniodide  of  phosphorus ;  next,  the  transformation  of  this  iodide 
by  heat  into  an  allotropic  iodide ;  and  thirdly,  the  decomposition 
of  this  new  iodide  into  red  phosphorus  and  a  volatile  iodide^  which 
acts  upon  a  further  portion  of  the  phosphorus ;  and  thus  the  action 
is  indefinitely  continued. 

(464)  Phospham  (HN,P  P). — ^If  pbosphoTOus  chloride  be  cooled  bj  a 
freezing  mixture,  and  satarated  with  ammoniacal  gas,  a  white  saline  mass 
(5H,N,PC],)  is  obtained;  it  is  to  be  introduced  into  a  tube  of  Bohemian  glass, 
and  heated  to  redness  in  a  current  of  dry  carbonic  anhydride  as  long  as  any  sal 
ammoniac  is  sublimed:  a  yellowish-white  bulky  amorphous  powder  remains 
behind :  this  substance  is  Bose's  phosphide  of  nitrogen  ;  but  there  can  be  no 
doubt  that  it  contains  hydrogen,  it  is  the  phospham  of  Qerhardt ;  probably  its 
composition  should  be  represented  by  the  formula  given  above.  In  closed  vessels 
it  sustuns  a  red  heat  wiUiout  fusion  or  volatilization,  but  when  heated  in  air  it 
is  slowly  oxidized,  with  formation  of  phosphoric  anhydride ;  if  projected  into 
fused  potassic  hydrate,  it  is  decomposed  with  incandescence,  tripotassic  phosphate 
being  formed,  whilst  ammonia  and  nitrogen  are  disengaged  :  but  it  is  remark- 
able that  dry  chlorine  and  hydrochloric  acid  gases,  and  the  vapour  of  sulphur, 
are  without  action  upon  it,  even  at  a  red  heat ;  and  it  is  but  very  slowly  attacked 
by  concentrated  nitric  acid.  Solutions  of  the  alkalies  exert  scarcely  any  action 
upon  it.  When  heated  in  hydrogen,  ammonia  is  formed.  It  combines  with 
sulphuretted  hydrogen,  and  if  heated  in  a  current  of  this  gas,  the  new  compound 
as  it  is  formed  is  slowly  sublimed  in  the  form  of  a  white  powder.  See  also  Glad- 
stone {J.  Chetn.  80c.,  1S64,  22 j;  i86j,  i ;  1866,  I  and  290). 

(465)  Sulphides  of  Phosphobus. — Sulphur  and  phosphorus  may  be 
melted  together  In  all  proportions:  several  definite  compounds  exist  between 
them,  corresponding  in  composition  with  the  oxides  of  phosphorus;  and  in 
addition  to  these,  a  combination,  PS,,  may  be  formed  (Berzelius).  All  the  sul- 
phides of  phosphorus  are  more  fusible  than  either  element  separately,  and  are 
exceedingly  inflammable;  most  of  them  may  be  obtained  in  crystals.  They 
combine  with  the  sulphides  of  the  alkali-metals,  and  form  a  series  of  definite 
salts.  The  combination  of  sulphur  with  phosphorus  should  be  gradually  effected 
under  warm  water ;  great  heat  is  extricated  by  their  union,  and  the  experiment 
requires  to  be  conducted  very  carefully,  in  order  to  avoid  explosion. 


CHAPTER  IX. 

SILICON     AND      BORON. 

§  I.  Silicon^  or  Silicium  :  Si=28  :  Tetrad,  as  in  SiCl^. 

(466)  Analogies  of  the  Silicon  Group. — Silicon  presents  a  cer- 
tain analogy  with  boron  in  its  tendency  to  unite  with  fluorine  and 
with  nitrogen.  Silicon  likewise  exhibits  a  similar  resemblanoe  to 
titanium  and  tin  not  only  in  these  particulars^  but  in  its  power  of 
forming  an  oxide  with  a  atoms  of  oxygen^  and  in  its  production 
of  a  volatile  liquid  tetrachloride.     The  double  fLuoiidfiA  ^\i^ 
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these  elements  form  with  the  same  bodies  are  isomorphous  {e,ff,, 
SrFySiF^2H20 ;  SrFjj^SnF^iHaO ;  SrFj,TiF^2H20).  Zirconium 
forms  a  solid  tetrachloride^  but  in  properties  it  is  nearly  aUied  to 
silicon.     These  elements  might  be  arranged  thus  in  series : — 


Silicon 
Titanium 


Tin 
Zirconium. 


These  elements  all  belong  to  the  class  oftetrads^  being  equivalent 
in  their  most  usual  combinations  to  4  atoms  of  hydrogen. 

(467)  Silicon  when  in  combination  with  oxygen  is  the  most 
abundant  solid  component  of  the  earth's  crust.  It  is  the  essen- 
tial constituent  of  Silex  or  flinty  and  hence  the  origin  of  the  term 
silicon.  In  order  to  obtain  the  element  in  its  uncombined  form, 
a  mixture  of  fluor-spar  with  fine  quartzose  sand  or  ground  flints  is 
heated  with  concentrated  sulphuric  acid  ;  a  gaseous  tetrafluoride 
of  silicon  is  formed,  which  is  partially  soluble  in  water,  producing 
an  acid  solution.  This  acid  liquid,  when  neutralized  with  a  solu- 
tion of  caustic  potash,  yields  a  sparingly  soluble  salt  (2KP,SiFJ. 
This  potassic  silicofluoride  is  to  be  thoroughly  dried,  and  mixed 
in  a  glass  or  iron  tube  with  eight  or  nine-tenths  of  its  weight  of 
potassium,  and  heated.  Potassic  fluoride  is  formed,  whilst  silicon 
is  reduced  and  partially  combined  with  the  excess  of  potassium ; 
2KF,SiF^  +  2K2=Si-f  6KF.  The  mass,  when  cold,  is  treated 
with  cold  water,  which  produces  a  copious  extrication  of  hydrogen 
gas,  owing  to  the  decomposition  of  the  water  by  the  excess  of 
potassium.  The  washing  with  cold  water  is  continued  so  long  as 
any  alkaline  reaction  upon  test-paper  is  observed ;  when  this 
ceases,  it  may  finally  be  well  washed  with  boiling  water,  so  long  as 
anything  is  dissolved.  Sodium  may  be  advantageously  substituted 
for  potassium  in  this  experiment,  in  the  proportion  of  1  part  of 
sodium  to  2  of  the  silicofluoride.  Silicon  may  also  be  obtained 
by  heating,  in  a  current  of  the  vapour  of  silicic  chloride,  potassium 
or  sodium  placed  in  porcelain  trays,  in  a  glass  tube,  which  it  is 
best  to  protect  by  lining  it  with  thin  plates  of  mica. 

Silicon  may  be  obtained  in  two  distinct  modifications,  viz., 
the  amorphous  and  the  crystalline  modification. 

I.  Amorphous  Silicon. — When  procured  by  the  processes  above 
described,  silicon  presents  the  appearance  of  a  dull  brown  powder, 
insoluble  in  water,  in  which  it  sinks.  It  is  a  non-conductor  of 
electricity ;  it  soils  the  fingers  when  touched ;  it  is  riot  acted  upon 
by  nitric  or  sulphuric  acid,  but  is  readily  soluble  in  hydrofluoric 
acid,  and  in  a  warm  solution  of  caustic  potash.  When  heated  in 
sir  or  in  oxygen  it  bums  brilliantly,  and  is  converted  into  silica. 
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which  fuses  from  the  intense  heat  emitted^  and  fonns  a  superficial 
coating  over  the  unbumt  silicon. 

2.  Crystalline  Silicon. — ^The  brown  powder  just  described^  if 
heated  intensely  in  a  closed  platinum  crucible^  parts  with  a  trace 
of  hydrogen^  shrinks  greatly^  becomes  much  denser^  and  darker 
in  colour^  and  undergoes  a  remarkable  change  in  properties. 
After  such  ignition^  the  silicon  may  be  heated  strongly  in  air  or 
in  oxygen^  even  when  urged  in  the  blowpipe  flame^  without  taking 
fire :  it  has  become  suflSciently  heavy  to  sink  in  oil  of  vitriol,  and 
it  resists  the  action  of  pure  hydrofluoric  acid,  although  if  treated 
with  a  mixture  of  nitric  and  hydrofluoric  acids  it  is  rapidly  dis- 
solved. It  may  even  be  fused  with  nitre  or  with  potassic  chlorate 
without  undergoing  oxidation ;  but  if  the  heat  be  urged  to  white- 
ness, the  silicon  burns  brilliantly  in  the  nitre ;  the  oxidation,  how- 
ever, is  much  hastened  by  the  addition  of  a  little  potassic  car* 
bonate ;  the  mixture  then  deflagrates  briskly,  even  though  it  may 
be  at  a  much  lower  temperature :  by  fusion  with  potassic  car- 
bonate alone,  silicon  is  easily  and  completely  oxidized ;  in  both 
cases  silica  is  formed,  and  is  immediately  dissolved  by  the  melted 
alkaline  carbonate,  firom  which  it  displaces  a  portion  of  carbonic 
anhydride.  The  properties  of  this  compact  form  of  silicon  much 
resemble  the  graphitoid  modification  described  by  Deville  and  by 
Wohler,  who  obtained  the  silicon  in  crystalline  plates,  by  treating 
an  alloy  of  silicon  and  aluminum  in  succession  with  boiling 
hydrochloric  and  hydrofluoric  acids,"^  when  the  silicon  remains 
behind  in  the  form  of  plates,  which  have  a  sp.  gr.  of  2'49,t  and 
a  metallic  lustre.  It  may  also  be  obtained  by  fusing  i  part  of 
aluminum  with  5  of  glass  free  from  lead,  and  10  of  powdered 
cryolite,  treating  the  black  mass  with  hydrochloric  acid,  and  then 
with  hydrofluoric.  In  this  form  silicon  is  a  conductor  of  elec- 
tricity ;  it  may  be  heated  to  whiteness  in  a  current  of  oxygen 
without  undergoing  change,  but  it  is  gradually  dissolved  by  a  mix- 
ture of  hydrofluoric  and  nitric  acids,  though  it  is  oxidized  but 
very  slowly  when  fused  with  potassic  hydrate.     When  heated  in  a 


*  Silioon  appears  to  have  the  same  sort  of  tendency  to  combine  with  alnini- 
nam  that  carbon  has  to  unite  with  iron.  The  alloy  is  easily  formed  by  heating 
aluminum  in  a  Hessian  crucible  with  from  20  to  40  times  its  weight  of  dry 
potassic  silicofluoiide,  fusing  the  two  together  for  a  quarter  of  an  hour,  and  then 
allowing  the  crucible  to  cool  slowly. 

t  Prof.  W.  H.  Miller  has  shown  (Proceed.  Roy,  Soe,  xv.  11)  that  the 
plates  of  so-called  graphitoid  silicon  are  really  only  modifications  of  the  octohednd 
form,  in  which  two  parallel  faces  are  much  larger  than  any  of  the  other  facet, 
while  two  other  parallel  faces  are  either  too  soiall  to  be  observed,  or  are  alto- 
gether wanting. 
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current  of  hydrochloric  acid^   a  Yolatile    liquid^    cUoro-leukon 
(SijH^CliQ  ?)  is  formed  (477),  whilst  hydrogen  gas  is  liherated. 

According  to  DeviUe  {Ann.  de  Chimie,  III.  xlix.  65)^  silicon  re- 
quires for  its  fusion  a  temperature  hetween  the  melting-point  of 
cast  iron  and  that  of  steel.  In  order  to  fuse  it  he  introduces  the 
silicon  into  a  platinum  crucible  lined  with  lime  and  protected  by 
an  outer  clay  crucible :  the  whole  is  then  intensely  heated  in  a  wind 
furnace.  If  the  lining  of  lime  cracks^  and  the  silicon  reaches  the 
platinum^  the  crucible  is  spoiled,  owing  to  the  formation  of  a  plati- 
num silicide.  Fused  silicon  may  also  be  procured  when  the  mix- 
ture of  sodic  chloride  with  reduced  silicon  (obtained  by  igniting 
sodium  in  the  vapour  of  silicic  chloride),  detached  as  far  as  possible 
from  adhering  fragments  of  porcelain,  is  placed  in  a  crucible  lined 
with  charcoal,  and  exposed  to  intense  heat  in  a  forge ;  the  sodic 
chloride  becomes  volatilized,  and  the  silicon  is  fused  into  globules  in 
the  midst  of  the  melted  glass.  These  globules  frequently  show  well- 
marked  indications  of  crystallization ;  they  have  a  dark,  steel-grey 
Colour,  and  a  lustre  like  that  of  specular  iron  ore :  now  and  then  the 
silicon  is  found  crystallized  in  regular  double  six-sided  pyramids. 
It  may  also  be  obtained  in  regular  six-sided  prisms,  terminatec^  by 
three-sided  pyramids,  derived  from  the  octohedron,by  exposing  piMje  ' 
aluminum  in  porcelain  trays,  heated  intensely  in  a  porcelain  tube,  to  ^wh^ 
a  current  of  the  vapour  of  silicic  chloride :  the  aluminum  is  volati-  .  J^ 
lized  as  aluminic  chloride,  leaving  the  silicon  in  crystals  which  have 
a  reddish  lustre ;  they  are  hard  enough  even  to  cut  glass  like  the 
diamond.  Crystals  of  silicon  may  likewise  be  procured,  and  with 
less  difficulty,  by  heating  an  earthen  crucible  to  redness,  and 
introducing  a  mixture  of  3  parts  of  potassic  silicofluoride  with  i 
part  of  sodium,  cut  into  small  pieces,  and  4  of  pure  granulated 
zinc.  The  mixture  must  be  maintained  at  a  red  heat,  but  below 
the  temperature  necessary  to  volatilize  the  zinc,  until  the  slag 
is  completely  melted :  it  must  then  be  allowed  to  cool  slowly. 
The  mass  of  zinc  thus  obtained  contains  long  needles  of  silicon 
formed  of  octohedra,  inserted  one  into  the  other:  much  of 
the  zinc  may  be  extracted  by  partial  fusion  at  a  low  tem* 
perature,  and  the  zinc  which  runs  from  the  pasty  mass  in 
which  the  silicon  is  retained  may  be  employed  again  in  a  similar 
operation :  the  zinc  which  still  adheres  to  the  silicon  may  be  re- 
moved by  digestion,  first  in  hydrochloric,  and  afterwards  in  boil- 
ing nitric  acid.  If  a  very  high  temperature  be  employed  in  this 
operation  the  whole  of  the  zinc  may  be  expelled,  and  the  silicon 
obtained  in  the  fused  condition.  De\dlle  and  Caron  have  in  this 
way  {Ann.   de  Chimie,   III.    Ixvii.  440)    fused   several   hundred 
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grammes  of  silicon  under  a  layer  of  potassic  silicofluoride  at  a 
temperature  near  that  at  which  cast  iron  melts^  and  they  have 
cast  it  into  lai^  cylindrical  bars  without  sensible  loss  by  oxida- 
tion. These  bars  exhibited  a  brilliant  surfietce^  which  was  not 
altered  by  exposure  to  air. 

Silicon  forms  with  oxygen  but  a  single  oxide^  the  well-known 
compound^  silica^  or  silicic  anhydride. 

Wohler  has,  however,  discovered  a  remarkable  series  of  com- 
pounds into  the  composition  of  which  both  oxygen  and  hydrogen 
enter :  one  of  these  he  calls  silicon  (Si^H^O^  ?)  reserving  the  term 
silicium  for  the  element ;  another  he  has  named  leukon,  Si3H^0g ; 
these  bodies  are  evidently  analogous  to  those  obtained  by  Brodie 
from  graphite  {note,  p.  73). 

(468)  Silicic  Anhydride  or  Silica ;  Silicic  dioxide  (Si03=6o); 
Sp.  Gr.  crysL  2*642  ;  Amorphous  2'2 — 2*3  ;  Comp.  in  100  parts, 
Si,  46*66 ;  O,  53*34. — Berzelius  represented  this  compoimd  as  a 
trioxide,  giving  the  atomic  weight  of  silicon  as  22,  if  that  of 
oxygen  be  8.  There  are,  however,  reasons  which  render  it  more 
probable  that  it  contains  only  2  atoms  of  oxygen,  and  that  it 
corresponds  in  composition  to  carbonic  anhydride :  for  example, 
I  atom  of  silicic  chloride,  when  converted  into  vapour,  instead  of 
forming  an  exception  to  the  general  rule,  as  it  does  upon  the 
theory  of  Berzelius,  would  then  produce  2  volumes  of  vapour  as 
usual :  and  in  decomposing  fiised  potassic  carbonate  by  the  addi- 
tion of  finely  divided  silica,  it  is  found  that  the  whole  of  the  car- 
bonic anhydride  is  expelled  when  the  proportion  of  silica  is  to  the 
carbonate  as  60  to  138.*  This  view  has  the  advantage  of  greater 
simplicity,  and  it  will  be  employed  in  this  work.  According  to 
the  experiments  of  Dumas,  100  parts  of  silica  contain  46*7  of 
silicon,  and  53*3  of  oxygen. 

Silica  occurs  in  two  modifications,  the  ciystalline  and  the  amor^ 
phons.    In  the  crystalline  state  it  has  the  higher  specific  gravity. 

Pure  crystalline  silica  occurs  in  rock  crystal  and  in  some 
forms  of  quartz,  crystallized  in  six-sided  prisms,  transversely 
striated,  and  terminated  by  six-sided  pyramids.  Amethyst  is  a 
purple  variety  coloured  with  oxide  of  iron  (ferric  acid?).  Silica 
is  found  nearly  pure  in  agate  and  calcedony,  which  consist  of  a 


*  The  eiperiments  of  Colonel  Torke  {PAiL  2Vaii#.  1857)  have,  however, 
shown  that  the  proportion  of  carbonic  anhydride  expelled  bj  equal  weights  of 
silica  from  an  exccM  of  the  different  carbonates,  varies  with  the  nature  of  the 
base;  sodio  carbonate  losing  a  larger  proportion  than  potassic  carbonate,  and 
Hthic  carbonate  more  than  sodic  carbonate,  where  eqoal  quantities  of  wixKA  ^«c« 
cmjMOjed* 
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mixture  of  the  crystallized  and  amorphous  varieties.  Calcedony  in 
alternate  layers  of  different  colours  constitutes  onyx.  Cornelian 
is  a  red  or  brown  variety  containing  ferric  oidde.  Flint  is  a 
variety  of  calcedony^  chiefly  found  in  the  upper  chalk ;  and  op€d 
consists  of  the  amorphous  variety  of  silica  with  a  varying  quan- 
tity of  water.  Silica  constitutes  the  principal  ingredient  oi*  all 
sandstones ;  and  it  enters  largely  into  the  composition  of  felspar^ 
and  of  a  vast  variety  of  minerals.  Pure  crystallized  silica  is  per- 
fectly transparent  and  colourless ;  in  hardness  it  approaches  the 
precious  gems.  A  heat  as  intense  as  that  of  the  oxyhydrogen 
blowpipe  is  required  for  its  fusion ;  it  then  melts  to  a  transparent 
glass^  which  may  be  drawn  out  into  fine^  flexible^  elastic  threads 
of  the  amorphous  variety.  Native  silica  is  insoluble  in  water, 
and  in  all  acids  except  the  hydrofluoric. 

Preparation, — Finely  divided  silica  has  the  aspect  of  a  white 
earth,  but  though  insoluble  it  possesses  the  power  of  uniting  with 
bases,  as  is  shown  by  the  usual  process  of  obtaining  it  in  a  state  of 
purity : — A  mixture  of  potassic  and  sodic  carbonates  is  fused  by 
a  red  heat,  and  one-third  of  its  weight  of  ground  flint,  or  some 
other  siliceous  mineral  in  fine  powder,  is  added  in  small  quantities 
to  the  melted  mass ;  on  each  addition  a  brisk  effervescence,  due 
to  the  escape  of  carbonic  anhydride,  takes  place ;  the  mixture  is 
then  heated  strongly  for  some  minutes.  It  is  afterwards  allowed 
to  cool,  and  if  digested  in  water  the  mass  is  slowly  dissolved, 
with  the  exception  of  a  portion  of  the  impurities,  such  as  ferric 
oxide  and  titanic  anhydride,  which  the  siliceous  material  may 
have  contained.  A  larger  quantity  of  silica  than  that  above 
indicated  would  still  yield  a  mixture  which  might  be  iused  by  a 
strong  heat ;  but  it  becomes  less  soluble  in  proportion  to  the 
excess  of  silica,  till  at  length  a  point  is  reached  at  which  it  is  no 
longer  soluble  in  water  or  in  the  common  acids ;  indeed,  it  forms 
the  basis  of  glass.  When  it  is  proposed  to  obtain  pure  silica, 
however,  an  excess  of  alkali  is  always  used :  the  resulting  com- 
pound is  then  easily  attacked  by  acids,  in  which  it  is  wholly  dis- 
solved, if  the  acid  be  dilute  and  in  sufficient  quantity.  If  the  solu- 
tion in  hydrochloric  acid  be  evaporated,  the  silica  is  separated  as 
a  gelatinous  hydrate,  which,  by  continuing  the  heat,  is  converted 
into  a  white  earthy-looking  powder  no  longer  soluble  in  acids  : 
after  being  digested  with  oil  of  vitriol  to  remove  traces  of  titanic 
anhydride,  and  decanting  the  strong  acid,  it  must  be  well  washed 
as  long  as  anything  is  dissolved  ;  if  then  dried  and  ignited,  it  is 
perfectly  pure.  As  thus  procured,  silica,  like  charcoal  and  other 
porous  bodies,  absorbs  aqueous  vapour  rapidly  from  the  air,  with- 
out  becoming  aensibly  moist. 
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Perfectly  pure  silica  may  also  be  procured  by  transmitting 
tbe  gaseous  silicic  fluoride  into  water ;  a  partial  decomposition 
of  the  gas  occurs^  and  one-third  of  its  silicon  is  oxidized  and  de- 
posited in  white  hydrated  flocculi^  which^  if  washed  and  ignited, 
furnish  silica  of  snowy  whiteness  ;  3SiF^+3H20,  pelding  SiOj^ 
2(2HP,SiFJ.  Silica  may  likewise  be  obtained  nearly  pure  by 
heating  colourless  quartz  to  redness,  and  quenching  it  in  water ; 
the  mineral  is  rendered  friable  by  this  treatment,  and  is  then  easily 
reduced  to  a  fine  powder  r  common  flints  treated  in  a  similar 
manner  give  a  very  white  powder,  which  is  nearly  pure  silica. 
All  the  artificial  forms  of  silica  are  amorphous,  and  are  much 
more  easily  attacked  by  solvents  than  the  crystalline  variety. 

(469)  Hydrates  of  Silica. — Insoluble,  however,  as  silica  gene- 
rally is  in  water,  and  though  silica,  when  once  deposited,  even  in 
the  gelatinous  form,  is  almost  insoluble  either  in  water  or  in  acids, 
a  modification  of  it  exists  which  may  be  dissolved  completely  at 
the  moment  of  its  liberation  from  some  of  its  compounds  which 
are  already  in  solution.  For  instance,  if  a  dilute  solution  of  an 
alkaline  silicate  be  poured  into  a  considerable  excess  of  hydro- 
chloric acid,  the  whole  of  the  silica  is  retained  in  solution  ;  but  it 
may  be  precipitated  from  this  acid  solution  by  the  gradual  addi- 
tion of  a  solution  of  potash,  so  as  to  neutralize  the  acid ;  and  if 
to  a  solution  of  an  alkaline  silicate  in  water  hydrochloric  acid  be 
added  gradually,  the  silica  is  precipitated  in  a  gelatinous  form  in 
proportion  as  the  alkali  is  neutralized. 

From  tbe  solution  of  alkaline  silicate  in  excess  of  hydrochloric  acid,  Graham 
obtuns  a  pure  solution  of  hydrated  silica,  by  subjecting  the  liquid  to  dialysis  in 
a  hoop  dialyser  of  parchment-paper  (62).  If  a  stratum  of  liquid  4  tenths  of  an 
inch  (l  centimetre)  in  depth  be  subjected  for  4  or  5  days  to  dialysis,  changing 
the  water  in  the  outer  vessel  at  intervals  of  24  hours,  the  hydrochloric  acid  and 
the  soluble  chlorides  will  be  found  io  have  diffused  so  completely  that  the  liquid 
in  the  dialyser  will  give  no  precipitate  with  argentic  nitrate. 

A  solution  may  thus  be  obtained  containing  5  per  cent,  of  silica,  and  it  may 
be  concentrated  till  the  quantity  of  silica  reaches  14  per  cent,  if  the  liquid  be 
boiled  down  in  a  flask.  In  open  vessels  it  is  apt  to  gelatinize  on  the  edge,  and 
the  whole  then  solidifieii.  The  solution  is  tasteless,  limpid,  and  colourless,  with 
a  feebly  acid  reaction,  rather  greater  than  that  of  carbonic  acid;  100  parts  of 
silica  require  1*85  of  potash  (K,0)  to  neutralize  this  effidct  on  litmus.  The 
solution  is  not  easily  preserved  for  many  days,  as  it  becomes  converted  into  a 
solid  transparent  jeUy  which,  even  in  closed  vessels,  shrinks,  whilst  water  is 
separated  from  it  The  coagulation  is  retarded  by  hydrochloric  acid,  and  by 
small  quantities  of  caustic  potash  or  soda.  Sulphuric,  nitric,  and  acetic  acids  are 
without  action  on  ihe  solution,  but  it  is  slowly  coagulated  by  a  few  bubbles  of 
carbonic  anhydride.  Its  coagulation  is  also  effected  in  a  few  minutes  by  the 
addition  of  iT^.^^nr  P^  ^^  ^7  alkaline  or  earthy  carbonate  in  solution,  but  not 
bj  caostic  ammonia  nor  by  neutral  nor  acid  salts.  Alcohol  and  sugar,  gum  and 
tenunel,  are  without  action,  but  sdatioiif  of  gelatin,  Mlttbk  aiuimna,  «ad  «oVq\A& 
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ferric  oxide,  iramediately  oaase  a  gelatinous  precipitate :  when  solation  of  silica 
is  gradually  added  to  one  of  gelatin  in  excess,  the  precipitate  obtained  consists  of 
IOC  of  silica  and  92  of  gelatin.  {Phil,  Trans,  1861,  p.  204.) 

By  evaporation  in  vacuo  at  59°  (15°  C.)»  the  silica  is  left  behind  in  the  form 
of  a  transparent  glaMy  mass  of  great  lostre,  containing,  after  exposure  for  two 
days  over  sulphuric  acid,  21*99  ^^  water,  which  corresponds  nearly  to  the 
formula  H,0,SiO,. 

There  is,  however,  considerable  difl&culty  in  obtaining  a  defi- 
nite hydrate  of  silica,  for  it  easily  loses  a  portion  of  its  water  at 
low  temperatures,  and  is  moreover  a  very  hygroscopic  substance. 
Ebelmen,  by  the  action  of  moist  air  upon  silicic  ether,  obtained 
a  transparent,  glassy  hydrate,  which  had  a  composition  repre- 
sented by  the  formula  3HjO,2SiOg ;  and  a  compound  which  gave 
simUar  results  on  analysis  was  procured  by  Doveri,  on  drying  the 
ordinary  gelatinous  hydrate  of  silica  in  vacuo  over  sulphuric  acid 
without  the  aid  of  heat.  Fuchs  obtained  two  hydrates  of  silica, 
one  containing  from  9*1  to  g'6  per  cent,  of  water,  corresponding 
to  the  formula  1X20,3  SiOg,  which  requires  9*1  per  cent.,  the  other 
between  6*6  and  7  per  cent.,  agreeing  nearly  with  the  formula 
H20,4SiOg,  which  would  contain  6*9  per  cent,  of  water.  Prom 
the  occurrence  of  a  mixed  ether  consisting  of  (C5Hjj3CjjH5,SiOJ, 
it  appears  that  the  silicic  is  really  a  tetrabasic  acid,  though  from 
the  facility  with  which  its  basic  hydrogen  escapes  as  water,  the 
composition  of  the  hydrate  is  doubtful. 

A  very  white  and  light  hydrate  of  silica  occurs  naturally  in  abundance  in 
beds  situated  at  the  base  of  the  chalk  formation,  between  the  upper  greensand 
and  the  gault :  the  proportion  of  hydrated  silica  in  these  deposits  varies  very 
greatly,  ranging  from  5  to  as  much  as  72  per  cent.,  being  most  abundant  in  the 
upper  portion  of  the  deposit  (Way).  A  mixture  of  this  material  with  slaked 
lime,  when  made  into  a  paste  with  water,  is  in  a  few  weeks  converted  into  a 
silicate  of  lime,  and  the  change  is  accelerated  by  the  presence  of  2  or  3  per  cent 
of  soda. 

Insoluble  silica  may  be  gradually  converted  into  the  soluble 
variety  by  long  digestion  with  solutions  of  the  alkalies.  Even 
flints  in  their  unground  condition  may  be  dissolved  in  strong 
solutions  of  caustic  alkali  (sp.  gr.  i'i6),  if  the  solution  be  digested 
upon  them  under  pressure  at  a  temperature  of  between  302°  and 
392°  (150°  and  200°  C). 

Finely  divided  hydrate  of  silica  is  also  dissolved  by  the  alka- 
line carbonates :  these  carbonates  are  only  partially  decomposed 
by  the  silica  which  is  dissolved.  It  appears  to  be  owing  to  the  solu- 
bility of  silica  in  solutions  of  the  carbonates  that  almost  all  spring 
and  river  waters  contain  silica  in  solution  in  minute  quantity ;  on 
evaporation  the  silica  is  obtained  in  the  insoluble  form.  When 
the  action  of  the  alkaline  liquid  is  aided  by  that  of  a  high  tem- 
perature,  aa  ia  the  case  with  the  Geysers  or  boiling  springs  of 
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Iceland^  very  large  quantities  of  silica  are  dissolved^  which^  as  the 
liquid  cools^  are  deposited  as  '  petrifactions '  on  surrounding 
objects  exposed  in  the  basin  or  in  the  stream. 

Silica  also  exists  in  the  soluble  form  in  a  class  of  minerals 
termed  zeolites^  which  are  hydrated  siliceous  compounds  (670) 
found  in  the  cavities  of  the  amygdaloid  rocks.  The  zeolites^  if 
finely  powdered^  and  treated  with  hydrochloric  acid,  swell  up  to  a 
transparent  jelly ;  this  gelatinous  mass  consists  of  hydrate  of  silica. 

These  observations  on  the  various  conditions  under  which 
silica  may  be  rendered  soluble  derive  their  interest  from  the  ex- 
tensive formation  of  crystallized  silica^  so  abundantly  diffiised 
over  the  surface  of  the  earth,  and  the  difficulty  of  crystallizing  it 
by  artificial  means.  The  zeolites  may  have  been  obtained  by  de- 
position from  solution ;  quartz  and  agate  by  crystallization  from 
an  aqueous  solution. 

(470)  Silicates, — ^The  silicates  are  most  abundant  natural 
productions.  All  the  forms  of  clay^  felspar,  mica,  hornblende, 
and  a  large  number  of  other  common  minerals,  are  compounds 
of  this  description. 

Silica  combines  with  bases  in  several  difierent  proportions; 
most  of  its  compounds  are  found  in  the  form  of  crystallized 
minerals,  many  of  which  are  double  silicates  of  very  complex 
composition.  It  is  highly  probable  that  silicic,  like  phosphoric 
acid,  admits  of  modifications  which  difier  in  basic  power.  Odiing 
{Phil,  Mag.  Nov.  1859)  proposes  to  call  the  silicates  of  the  type 
M^SiO^  orthosilicates ;  those  of  the  type  M^SiOj,  metasilicaies, 
with  an  intermediate  class  formed  by  the  combination  of  one  atom 
of  each  of  the  two.  The  combinations  with  bases  which  are  of 
most  usual  occurrence  belong  to  one  or  other  of  the  following 
classes,  the  orthosilicates  being  regarded  as  the  normal  salts  : — 


Orthosilicates 
M\Si04  or 

Metasilicaies 
M'^iO,  or 
N'^SiO, 


Dioptase        Cu^H^iO^ 

Olivine  (MgPe)^^iO, 

Forge  cinder Fe"^i04 

Wollastonite Ca"SiO, 

Picrosmine     2(Mg^SiO,),H,0 

Augite  (CaMgrSiO, 


I  Silicates  j  Meerschaum Mg%Si04,2(8iO„H,0) 

M'4Si04,2SiO,      t  Silicate  of  calcium     ...        Ca^^iO^.aSiO, 


Acid  silicates 
M'^iOjSiO,  or 
N"SiO,.SiO, 


The  composition  of  many  of  the  ordinary  varieties  of 
glass  may  be  approximatively  represented  by  mixtures 
of  different  silicates  which  have  this  formula. 


In  the  above  formulae  M'  stands  for  i  atom  of  any  metallic 
monad,  such  as  potassium,  and  N'^  for  i  atom  of  any  metaOic 
dyad,  such  as  calcium. 
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In  most  cases^  however,  in  the  formnlae  of  the  silicates  I  shall 
adhere  to  the  custom  of  representing  them  as  compounds  of  the 
bases  with  the  anhydride  silica.  Their  diversified  forms  have  not 
hitherto  been  satisfactorily  classified. 

Most  of  the  silicates  are  fusible  ;  their  fusibility  is  increased 
by  mixture  with  each  other ;  those  which  contain  readily  fusible 
oxides  melt  at  the  lowest  temperature,  and  in  general  the  basic 
silicates  fuse  more  readily  than  those  which  are  normal  in  compo- 
sition, or  which  contain  excess  of  silica.     All  the  silicates  are  in- 
soluble in  water,  with  the  exception  of  those  of  the  alkalies  which 
contain  a  large  proportion  of  base.     The  hydrated  silicates,  and 
those  which  contain  the  largest  proportion  of  base,  are  those  most 
easily  decomposed  by  acids ;  but  the  anhydrous  normal  and  acid 
silicates  of  the  earths  are  not  decomposed  by  any  acid  except  the 
hydrofluoric.     The  silicates  may  be  detected  by  fusing  them  with 
sodic  or  potassic  carbonate,  and  then  heating  the  residue  with 
acid,  and  evaporating  to  dryness ;  on  treating  what  is  left  with 
hot  water,  the  silica  remains  undissolved  in  the  form  of  a  white 
powder,  which,  when  fused  with  sodic   carbonate  upon  platinum 
foil  before  the  blowpipe,  yields  a  colourless  bead  of  glass.     The 
freedom  of  sUica  from  bases   may  be  ascertained  by  its  being 
volatilized  without  residue  when  evaporated  in  platinum  with  pure 
hydrofluoric  acid  in  excess.    Pure  silica  is  not  attacked  by  fusion 
with  microcosmic  salt,  but  is  left  as  a  spongy  mass  in  the  clear 
bead ;  if  any  earth  or  base  be  present,  the  bead  is  generally  more 
or  less  opalescent.     Borax  dissolves  silica  slowly,  when  fused  with 
it,  forming  a  clear  colourless  bead. 

The  acid  character  is  so  feebly  marked  in  silica,  that  the  ordi- 
nary vegetable  acids,  such  as  the  acetic,  the  oxalic,  and  the  tar- 
taric, precipitate  silica  from  its  combinations  with  the  alkalies; 
and  a  current  of  gaseous  carbonic  anhydride,  or  even  the  gradual 
absorption  of  carbonic  acid  from  the  atmosphere,  produces  a 
similar  residt.  At  a  high  temperature,  however,  the  action  is 
reversed ;  for  as  silica  is  not  volatilized  to  any  perceptible  extent 
by  the  heat  of  a  furnace,  it  decomposes  the  carbonates  and  the 
salts  of  all  the  volatile  acids  when  ignited  with  them ;  hence  even 
the  sulphates  yield  up  their  bases  to  the  silica,  whilst  the  sul- 
phuric  anhydride  is  expelled. 

(47 1)  If  coarsely-powdered  calcic  silicide  (649a)  be  digested  in  friniiDg  nitric 
acid,  in  a  vesnel  kept  cool  by  immersion  in  water,  an  extrication  of  hydrogen 
takes  place,  and  a  new  compound  in  gradually  formed ;  to  this  Wbhler  has  given 
the  name  of  Hlieon^  which  is  objectionable,  because  it  has  been  already  appro- 
priated to  the  element  itself.  The  mixture  is  to  be  agitated  frequently  and  kept 
lor  some  time  in  &  dark  pUoe  until  no  farther  extrication  of  gas  occora.     The 
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mixtare  is  then  to  be  dilated  with  7  or  8  parts  of  water,  imd  the  insoluble 
material  collected,  washed,  pressed  between  blotting  paper,  and  dried  in  the  dark 
in  vacuo,  over  sulphuric  acid. 

Siliame  (Si^H^O^  P),  or  ckryseon,  as  it  might  be  fitly  termed  in  allusion  to  its 
colour,  is  a  bright  orange-yellow  mass,  insoluble  in  water,  alcohol,  carbonic 
disulphide,  phosphorous  chloride,  or  silicic  chloride.  When  heated  it  deepens  in 
colour,  and  afterwards  takes  fire  with  slight  explosion  and  the  emission  of  sparks, 
leaving  silica,  which  is  brown,  owing  to  the  presence  of  silicon.  If  heated 
without  access  of  air,  it  evolves  hydrogen,  leaving  a  residue  of  silica  and  amor- 
phous silicon  in  shining  brown  flakes.  The  decomposition  begins  even  at  212* 
( 1 00°  C).  If  heated  with  water  in  a  sealed  tube  to  384°*8  (196°  C.)  it  is  speedily 
converted  into  white  flakes  of  silica,  whilst  pure  hydrogen  is  evolved,  and  is 
retained  under  great  pressure  in  the  tube. 

In  the  dark  it  may  be  preserved  without  alteration,  either  in  a  moist  or  dxy 
state ;  but  if  exposed  to  diffused  daylight  it  slowly  becomes  paler,  with  evolution 
of  hydrogen.  If  exposed  to  the  sun's  rays  under  water,  it  immediately  begins 
to  evolve  hydrogen,  and  a  white  residue  is  left,  which  Wohler  has  termed  leukon. 

Silicone  is  not  attacked  by  chlorine  nor  by  fuming  nitric  or  sulphuric  acid, 
even  when  boiling:  hydrofluoric  acid  dissolves  it  completely.  But  its  charac- 
teristic reaction  is  the  rapid  manner  in  which  it  is  dissolved  by  solutions  of  the 
caustic  alkalies,  with  rise  of  temperature  and  violent  extrication  of  hydrogen. 
Ammonia,  even  in  very  dilute  solutions,  has  a  similar  effect.  The  carbonates  of 
the  alkali-metals  dissolve  it  more  slowly.  Silicone  acts  as  a  powerful  reducing 
agent,  especially  in  the  presence  of  alkalies.  Salts  of  copper,  gold,  silver, 
palladium,  and  osmium  yield  with  it  dark  silicates  of  a  suboxide. 

(471a)  J^eukon  (Si,H^O,?),  Wohler  (Lieb.  Ann,  cxxvii.  268).— This  com- 
pound was  first  described  as  a  hydrated  oxide  of  silicon,  but  it  has  subsequently 
been  further  examined  by  Wohler,  who  has  changed  its  name  to  leukon,  in 
allurtion  to  its  aspect  (from  XevKos  white). 

Leukon  at  temperatures  above  32^  (0°  C),  when  in  contact  with  water, 
undergoes  oxidation,  and  evolves  hydrogen.  Wohler  and  Buff  {Ann.  de  Chimie, 
III.  lii.  276)  describe  this  body  as  a  snow-white  powder  when  dry,  sufficiently 
light  to  float  upon  water,  though  it  sinks  in  ether.  The  caustic  alkalies  and  their 
carbonates  dissolve  it  rapidly  with  brisk  effervescence,  owing  to  the  formation  ot 
a  silicate  of  the  base,  whikt  hydrogen  escapes.  Ammonia  also  decomposes  it 
with  slow  evolution  of  hydrogen.  The  acids,  with  the  exception  of  the  hydro- 
fluoric, do  not  act  upon  it  It  may  be  heated  in  air  to  572^  (300°  C.)  without 
alteration ;  but  at  a  somewhat  higher  temperature  it  takes  fire,  burning  with 
scintillation,  and  emitting  a  phosphorescent  light,  at  the  same  time  giving  off 
hydrogen  gas,  which  bums  explosively.  If  heated  in  a  closed  crucible  it  is 
decomposed  into  a  mixture  of  silicon  and  silica;  silicic  hydride  (472)  being 
liberated,  but  undergoing  immediate  decomposition.  Leukon  is  slightly  soluble 
in  water,  but  the  liquid  quickly  undergoes  decomposition,  evolving  hydrogen  gas. 
The  solution  exerts  a  strong  reducing  power,  precipitating  gold  and  palladium 
from  neutral  solutions  of  their  salts,  in  a  metallic  form.  It  also  instantly 
bleaches  a  solution  of  potassic  permanganate ;  and  throws  down  reduced  selenium 
and  tellurium,  from  solutions  of  selenious  and  tellurous  acids  in  hydrochloric 
acid.  Wohler  and  Buff,  however,  think  it  probable  that  this  solution  contains 
a  still  lower  oxide  of  silicon  than  the  one  above  described. 

Leukon  is  best  prepared  by  placing  crystallized  silicon  in  a  wide  glass  tube 
connected  with  a  U-tube  cooled  by  a  mixture  of  ice  and  salt,  whilst  the  apparatus 
terminates  in  a  bent  tube  dipping  into  ice-cold  water ;  the  silicon  is  to  be  raised 
to  a  barely  visible  red  heat,  and  a  current  of  dry  hydrochloric  acid  gas  trana- 
mitted ;  chloroleukon  (Si^H^CJ^^)  ib  formed  and  in  part  condensed,  m  \»Vie\3-\?QXM« 
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spondiDg  in  composition  to  silica  is  formed  by  tranBiuitting  the 
vapour  of  carbonic  diHulphide  over  a  mixture  of  finely  divided 
ailica  and  carbon :  and  when  either  compact  or  pidvenilent  silicon 
is  strongly  heated  in  an  atmosphere  of  sulphor,  combustion  occurs 
with  a  red  glow;  a  white  earthy-looking  disulphide,  which 
absorbs  moisture  rapidly  firom  the  air,  is  the  result :  this  com- 
pound is  completely  soluble  in  water,  but  it  is  decomposed  whilst 
undergoing  solutionj  SiS^-l-aHjO  becoming  SiOj  +  2H,Sj  sul- 
phuretted hydrogen  and  soluble  Biliea  being  formed :  the  silica 
may  be  obtained  as  a  jelly  by  evaporation. 

(475)  Cblobide  OF  Silicon  ;  Silicic  chloride ;  (SiCl^=i7o); 
Mot.  Vol.  |~~^;  Rel.  wt.  85;  Theoretic  Sp.  Gr.  of  Vapour, 
5873;  04a«Terf,  5'939 ;  of  Liquid,  i'5a37  a/ 32°  (o°C.);  Boiling- 
pi.  138°'2  {59**  C). — This  compound  may  be  formed  by  heating 
silicon  in  chlorine ;  but  in  practice  it  is  obtained  by  the  following 
indirect  method : — Finely  powdered  silica  is  made  up  into  a  paste 
with  oil  and  charcoal,  and  heated  in  a  covered  crucible;  the 
charred  mass  in  fragments  is  transferred  to  a  porcelain  tube,  in 
which  it  is  ignited,  and  subjected  to  a  current  of  dry  chttuine ; 
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neither  chlorine  nor  carbon  separately  can  decompose  silica,  but 
together  they  eficct  its  decomposition  easily,  carbonic  oxide  es- 
caping,  whilst    silicic    chloride    ia   formed ;    SiOj+  3,CV^+C^= 
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aCO  -f  SiCl^.     The  product  is  received  into  vessels  cooled  with  a 
fireezing-mixture. 

Fig.  321  shows  a  form  of  apparatus  by  which  the  chloride  may  be  readily 
prepared :  d  is  a  porcelain  tube,  which  contains  the  mixture  of  charcoal  and 
silica ;  chlorine  is  liberated  from  the  flask  a,  washed  with  water  in  B,  dried  by 
transmitting  it  over  pumice  and  sulphuric  acid  contained  in  the  tube  c,  and 
allowed  to  pass  through  the  tube  d,  which  with  its  contents  is  exposed  to  a  red 
heat  in  the  furnace ;  silicic  chloride  distils  over  into  the  bent  tube,  E,  where  it 
is  condensed  by  immersion  in  a  freezing-mixture  of  ice  and  salt ;  a  tube  fused 
into  the  bend  of  the  tube  s,  conveys  the  chloride  into  a  bottle,  o,  which  may 
also  be  kept  cool  by  ice 

Silicic  chloride  is  a  transparent^  colourless  liquid^  with  a  pun- 
gent^ acid,  irritating  odour ;  it  is  very  volatile,  and  fumes  strongly 
in  the  air.     Its  composition  is  the  following : — 

By  weight.  Bj  Tolnme.  8p.  gr. 

Chlorine        ...    CI4  =  143    or    83*53        4     or     ro    =    4906 
Silicon  ...     Si     =     28  16-47         ^^  iP     =     0*967 

Silicic  chloride   81014  =  170         loo'oo        2  i*o    =    5*873 

Water  immediately  decomposes  silicic  chloride,  depositing 
hydrated  silica,  and  forming  hydrochloric  acid.  A  moist  atmo- 
sphere also  decomposes  the  chloride,  causing  the  deposition 
of  silica  in  opaque  lamellar  plates,  which  like  the  mineral  hydro^ 
phane  become  transparent  when  immersed  in  water,  but  resume 
their  opacity  on  drying :  the  siliceous  deposit  obtained  from  the 
joints  of  the  bamboo,  known  as  tabasheer,  exhibits  the  same  pecu- 
liarity. The  liquid  chloride  does  not  act  on  potassium,  but  if 
the  metal  be  heated  in  its  vapour,  potassic  chloride  is  produced, 
and  silicon  is  set  free ;  this  is  one  of  the  best  methods  of  obtain- 
ing silicon. 

Two  compounds  between  the  sulphide  and  the  chloride  of  silicon  have  been 
obtained  (Pierre) ;  they  may  be  represented  by  the  forinubB  (818^,2  SiCl^;  Sp. 
Or,  qf  Vapour,  S'24)*  and  (2SiS,,SiClJ. 

(47<5)  Silicic  Bromide  [SiBr, ;  Sp.  Or.  <^  Liquid  «b  32°  (0°  C.)  2-813  ; 
Boiling 'pt.  507 °'4  (153°  C.)  ]  is  analogous  in  properties  to  the  chloride :  it  may 
be  formed  in  a  similar  manner. 

(477)  Hydbochlobatb  op  Cbllobide  of  SiLicoN;  ChlorolcuJcon ; 
(Si,H,Cl,.or4HCl,3SiCl,  =  443);  Sp.  Or.  qf  Liquid,  i-6j  ;  Boiling-pU  \of'6 
(42°  C.) ;  (Wohler  and  Bufi;  JLnnaL  de  Chimie,^  III.  liL  i^^p).— This  compound 


*  The  vapourden  sity  of  this  compound  is  anomalous,  for  the  formula  abore 
given  corresponds  to  3  volumes  instead  of  2  volumes  of  vapour,  or  I  volume  of 
the  vapour  of  disulphide  of  silicon  and  2  of  the  tetrachloride  united  without  con 
densation;  for 

By  Tolame.  Sp.  gr. 

SiS,  =        I  or  033        =        3-959 

281014         =        2       0*67        =        1059 

3       1*00  5018 
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it  a  oolonrlesB,  highly  mohile  liquid,  which  fumes  powerfnlljr  on  ezposue  to  the 
air,  depositing  a  white  film  upon  surrounding  bodies,  and  emitting  a  vapour  of 
suffocating  odour.  It  is  highly  inflammable,  and  burns  with  a  greenish,  feebly 
luminous  flame,  depositing  silica  and  emitting  hydrochloric  acid.  If  its  vapour 
be  mixed  with  oxygen,  it  explodes  violently  on  the  transmission  of  the  electric 
8X>ark,  silica  being  deposited,  whilst  hydrochloric  acid  and  silicic  chloride  are 
formed.  The  liquid  may  be  boiled  upon  sodium  without  undergoing  decompo- 
sition. If  passed  through  a  tube  heated  to  redness,  it  is  decomposed  into  a 
mixture  of  silicic  chloride  and  hydrochloric  acid,  whilst  half  its  silicon  is  depo- 
sited in  the  form  of  a  brown  amorphous  crust  exhibiting  a  metallic  lustre. 
Water  decomposes  it  immediately  with  great  elevation  of  temperature,  leukon 
and  hydrochloric  acid  being  formed :  Si,H^Cl,^  +  jH^O  yielding  Si,H^O^  +  loHCl. 

The  mode  of  preparing  this  compound  by  transmitting  dry  hydrochloric  acid 
over  crystallized  silicon  heated  to  dull  redness,  has  already  been  described  when 
speaking  of  the  preparation  of  leukon  (471a). 

A  similar  liquid  compound  (Si,H^Br^P ;  8p,  Gr,  2*5)  may  be  obtiuned  in 
like  manner  by  means  of  hydrobromic  acid.  The  corresponding  compound  of 
iodine  (Si,H  J^^  P)  forms  a  fusible,  cr}'stalline  solid. 

(478)  Fluoride  op  Silicon  ;  Silicic  teirafluoride  (SiF^= 
104);  ReLwt.,^2;  Theoretic  Sp,  Gr.,  3*593;  Observed,  3*60; 
MoL  Vol,  ["  \  . — The  flnoride  is  one  of  the  most  remarkable 
compounds  of  silicon:  so  powerful  is  the  attraction  between 
fluorine  and  silicon  that  hydrofluoric  acid  separates  silicon  firom 
its  most  intimate  combinations^  such  as  silica  and  glass.  In  order 
to  prepare  silicic  fluoride,  equal  parts  of  finely-powdered  fluor- 
spar and  siliceous  sand^  or  powdered  glass^  are  mixed  in  a  capa- 
cious flask  or  retort,  with  twelve  times  their  weight  of  oil  of 
vitriol.  On  the  application  of  heat,  a  colourless  gas,  with  a  pecu- 
liar, pungent,  acid  odour,  is  given  off;  hydrofluoric  acid  is  libe- 
rated, and  this  immediately  attacks  the  silica.^  at  is  shown  in  the 
following  representation  of  the  reaction : — 

CaFj  -h  HgSO^=  2HF  -h  CaSO, ; 
and  4HF  +  SiO,= 2H,0  +  SiF^. 

The  composition  of  the  gas  may  be  thus  represented : — 

Bj  weight.  By  toL  Sp.  gr. 

Silicon  ...     Si     =    28  or  269        2?  or  i?  =    0967 

Fluorine  ..,     P^    =     76        73*1        4  2     =     2*626 

Silicic  flnoride     SiF4    =  104     1000        2  i     =    3'593 

Silicic  tetrafluoride  fumes  strongly  in  the  air ;  it  is  not  in- 
flammable, but  extinguishes  a  lighted  taper ;  under  strong  pres- 
sure it  was  liquefied  by  Faraday ;  and  according  to  Natterer  it 
becomes  solid  at  —  220®  (—140*^  C.)  The  gas  is  dissolved  and  par- 
tially decomposed  by  water ;  it  must  therefore  be  collected  over 
mercury,  and  in  jars  which  have  been  perfectly  dried  at  a  high 
temperature ;  the  slightest  trace  of  moisture  on  the  surface  of 
the  jar  causes  a  deposition  of  silica^  which  adheres  very  firmiVy  \o 
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the  glass,  and  renders  it  opalescent.  Silicic  fluoride  combines 
with  twice  its  volume  of  ammoniacal  ga&,  and  forma  with  it  a 
crystalline  volatile  compound. 

(479)  SiLicoFLuoHic  Acid  ;  Hydrojluonlicic  Acid  (2HF,SiF^ 
=  144). — When  a  stream  of  gaseous  silicic  fluoride  ia  transmitted 
through  water,  it  is  partially  decomposed  and  partially  dissolved. 
Two  atoms  of  water  react  on  3  of  the  fluoride,  and  produce  the 
silicofluoric  acid,  which  is  dissolved,  whilst  one-third  of  its  silicon 
is  deposited  as  silica  in  the  form  of  hydrate: — 

3SiF.  +  2HjO= SiOj  +  2(2HF,SiFJ. 

In  the  preparation  of  this  acid  the  tube  from  which  the 
fluoride  is  escaping  must   not  plunge  at  once  into  water,  other- 
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.wise  it  wiU  speedily  become 
obstructed  by  the  deposited 
silica.  This  inconvenience 
may  be  prevented  by  placing 
a  little  mercury  at  the  bottom 
of  the  vessel,  in  order  that 
the  tube  may  dip  beneath  ihe 
mercury,  as  shown  in  fig.  322. 
Each  bubble  as  it  rises  be- 
comes surrounded  by  a  sili- 
ceous envelope,  and  finally 
the  bquid  sets  into  a  gela- 
tinous mass  :  the  acid  liquid 
is  separated  by  pressure  in 
luicn  from  the  deposit,  which 
when  freed  from  adhering 
acid,  constitutes  a  pure  hydrate  of  silica.  A  more  easy  method 
of  obtaining  the  acid,  when  it  is  required  in  quantity,  consists 
in  dissolving  silica  in  diluted  hydrofluoric  acid. 

A  saturated  solution  of  silicofluoric  acid  forms  a  very  sour, 
fuming  liquid.  In  solution  it  does  not  attack  glass,  but  it  does 
so  if  allowed  to  evaporate  upon  it;  silicic  fluoride  becomes  vola- 
tilized, leaving  ft^e  hydrofluoric  acid,  which,  reacting  on  the 
silica,  produces  water  and  sibcic  fluoride,  as  in  the  ordinary  pro- 
cess for  making  that  gas;  4HF  +  SiOj=2HjO  +  SiF^. 

Silicofluoric  acid  combines  nith  bases  to  form  salts,  if  the 
base  be  not  added  in  excess ;  if  an  excess  of  base  be  employed, 
silica  is  precipitated,  and  the  whole  of  the  fluorine  is  separated  as 
a  metallic  fluoride.  In  the  first  case  the  action  may  be  thus 
representeA :     2KHO  -f-  aHF,SiF4=  aHjO  +  2KF,SiF^.       In    the 
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second  case :  6KH0  +  2HF,SiF^=4H20  +  6KF + SiOg.  A  dilute 
solution  of  silicofluoric  acid  produces  transparent  jelly-like  pre- 
cipitates in  the  salts  of  the  alkali-metals ;  it  is  frequently  em- 
ployed as  a  precipitant  of  potassium.  With  salts  of  barium  the 
acid  gives  a  white  crystalline  precipitate. 

§  II.  Boron  :  B=  10-9 :  Triad,  as  in  BCI3. 

(480)  Boron  is  the  characteristic  coi9bustible  element  of  the 
acid  contained  in  borax^  whence  it  derives  its  name.  In  nature 
it  is  always  met  with  in  combination  with  oxygen.  It  is  a  body 
which  occurs  in  comparatively  sparing  quantities^  and  only  in  a 
few  localities.  Though  one  of  the  triad  elements,  it  presents 
considerable  analogy  with  silicon  in  its  properties,  and  its  mode 
of  combination :  it  may  be  obtained  in  the  crystalline,  and  the 
amorphous  state. 

Amorphous  Boron. — Berzelius  isolated  boron  by  a  process 
analogous  to  that  employed  in  the  case  of  silicon.  Potassic 
borofluoride  (KF,BFj)  a  sparingly  soluble  salt,  is  made  by  satu- 
rating hydrofluoric  with  boracic  acid,  neutralizing  the  liquid  with 
potassic  carbonate,  and  washing  the  compound  with  cold  water : 
it  is  then  dried  at  a  heat  a  little  below  redness.  When 
cold  it  is  mixed  with  an  equal  weight  of  potassium,  and  heated 
in  a  covered  iron  crucible,  2(KF,BF3)+3K2=8KF+aB.  The 
potassic  fluoride  is  removed  by  hot  water. 

Boron  as  thus  obtained  is  an  amorphous,  dull  olive-green 
powder,  which,  before  it  has  been  strongly  ignited,  soils  the 
fingers,  and  is  dissolved  by  pure  water  in  small  quantity,  forming 
a  greenish  yellow  solution;  from  which,  however,  it  is  preci- 
pitated unchanged  on  adding  a  little  solution  of  sal  ammoniac. 
Boron  is  not  oxidized  by  exposure  to  air,  to  water,  or  to  solutions 
of  the  alkalies,  whether  cold  or  boiling.  It  is,  however,  easily 
oxidized  when  treated  with  nitric  acid  or  with  aqua  regia.  After 
exposure  to  intense  heat  in  vessels  from  which  air  is  excluded,  it 
becomes  denser,  and  darker  in  colour.  It  may  be  fused  by  the 
application  of  a  heat  still  more  intense  than  that  required  to 
melt  silicon.  As  first  obtained,  boron  exhibits  a  strong  attrac- 
tion for  oxygen,  and,  if  heated  in  air  or  in  oxygen,  takes  fire 
below  redness,  burning  with  a  reddish  light  and  emitting  vivid 
scintillations;  it  is  thus  converted  superficially  into  boracic 
anhydride,  which  melts  and  protects  a  portion  of  the  boron.  If 
mixed  with  nitre  and  heated  to  redness,  it  deflagrates  powerfrdly. 
It  is  also  oxidized  when  ignited  with  potassic  hydrate ;  and  when 
heated  with  potassic  carbonate  in  fusion  it  sets  carbon,  {tee,  ^sA 
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potassic  borate  is  fonned.     Pulverulent  boron,  like  silicon,  is  a 
non-conductor  of  electricity. 

Boron  may  be  obtained  in  the  amorphous  form  in  larg^  quantity  by  the  fol- 
lowing method  (Wohler  and  De^ille;  Liebig*s  AnnaL  C7.  67). — 150  grammea 
of  fused  boracic  anhydride  is  coarsely  powdered  and  mixed  rapidly  with  90  grma. 
of  sodium  cut  into  small  pieces.  The  mixture  is  then  introduced  into  a  cast- 
iron  crucible  preriously  heated  to  bright  redness ;  70  or  80  grms.  of  solid  but 
previously  fused  sodio  chloride  are  placed  upon  the  top  of  the  mixture,  and  the 
crucible  is  oorered.  As  soon  as  the  reaction  is  over,  the  still  liquid  mass  is 
thoroughly  stirred  with  an  iron  rod,  and  poured,  whilst  red  hot,  in  a  slender 
stream  into  a  large  and  deep  vessel  containing  water  acidulated  with  hydrochloric 
acid.  The  puWendent  boron  is  then  collected  on  a  filter  and  washed  with 
acidulated  water  till  the  boracic  acid  is  got  rid  of;  afier  which  the  washing  may 
be  continued  with  pure  water,  until  the  boron  begins  to  run  through  the  filter. 
It  must  finally  be  dried  upon  a  porous  slab  without  the  application  of  heat. 

Crystallized  Boron. — In  order  to  convert  the  amorphous  into  the  crystal- 
lized form,  the  following  method  may  be  adopted : — A  small  Hessian  crucible  is 
lined  with  the  pulverulent  boron  made  into  a  paste  with  water,  and  the  boron  is 
pressed  in  strongly,  as  in  the  ordinary  mode  of  lining  a  crucible  with  charcoal. 
In  the  central  cavity  a  piece  of  aluminum  weighing  from  6  to  9  grammes  is 
placed ;  the  cover  is  luted  on  and  the  crucible  enclosed  in  a  second,  the  interval 
between  the  two  being  filled  with  recently  ignited  powdered  charcoal.  The  outer 
crucible  is  next  closed  with  a  luted  cover,  and  the  whole  exposed  for  a  couple  of 
hours  to  a  heat  sufficient  to  fuse  nickel.  The  temperature  is  then  allowed  to 
fall;  and  when  cold  the  contents  of  the  inner  crucible  are  digested  in  diluted 
hydrochloric  acid,  which  dissolves  out  the  aluminum  ;  beautifid  crystals  of  boron 
are  left,  generally  transparent,  but  of  a  dark  brown  colour.  A  quantity  of  scales 
of  so  called  grapkitoid  boron,  an  alloy  of  boron  with  aluminum,  B,A1  (Wohler), 
are  formed  at  the  same  time,  in  pale,  copper-coloured,  opaque  plates. 

Crystallized  boron  has  a  sp.  gr.  of  2*68;  it  assumes  the  form 
of  transparent  octohedra  belonging  to  the  pyramidal  system  (?). 
These  crystals  when  pure  are  nearly  colourless^  but  they  usually 
contain  considerable  amounts  of  aluminum  and  carbon:  they 
re£L*act  light  powerfully^  and  axe  hard  enough  to  scratch  the 
ruby^  and  eren  sensibly  to  wear  away  the  diamond.  Crystallised 
boron  bums  imperfectly  in  oxygen  when  heated  to  full  white- 
ness^ and  becomes  coated  with  a  layer  of  fused  boracic  anhydride. 
It  however  bums  easily  when  heated  to  redness  in  dry  gaseous 
chlorine^  becoming  converted  into  the  gaseous  boric  trichloride. 
No  acid  or  mixture  of  acids  has  any  action  upon  crystalline 
boron. 

Boron^  like  titanium^  enters  into  direct  combination  with 
nitrogen  at  a  high  temperature ;  a  quantity  of  this  nitride  is 
formed  as  a  grey  coherent  mass  during  the  preparation  of  crystal- 
lized boron.  Pulverulent  boron^when  heated  in  a  current  of  dry 
ammoniacal  gas^  becomes  incandescent,  and  is  converted  into 
nitride^  whilst  hydrogen  is  liberated.  Boron  in  all  its  forma 
bums  freely  in  chlorine ;  when  ignited  in  contact  with  steam^ 
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with  sulphnretted  hydrogen,  and  with  hydrochloric  acid,  it  decom- 
poses them,  but  the  hitter  is  attacked  with  some  difficulty ; 
boracic  acid,  boric  sulphide,  and  boric  chloride  being  formed 
respectively,  whilst  hydrogen  is  liberated. 

(481)  BoBACic  AnHrDBiDB;  Boric  tesquionde  (Bfi^=6^'i); 
Crystallized  Boric  acid  (HBOjjHjO).— This  is  the  only  known  com- 
pound of  oxygen  and  boron.  It  is  found  combined  with  sodium 
as  an  acid  borate  in  the  tincal  obtained  from  Thibet,  and  in  a 
crystallized  borate  of  calcium  and  magnesium  &om  the  western 
coast  of  South  America ;  quite  recently  borax  and  boracic  acid 
have  been  found  in  California ;  but  its  most  abundant  source  is 
the  maremma  of  Tuscany,  where  it  ia  met  with  in  the  uncombined 
state,  and  accompanied  by  sulphuretted  hydrogen :  it  issues  in 
small  quantity  along  with  the  jets  of  steam  (Jamerolles  or  iqffioni), 
maintained  by  the  action  of  subterranean  fire. 

These,  at  Honte  Curboli  and  Moute  Rotondo,  in  Tuscany,  are  <lireot«d  into 
■mall  ligooni  or  artifi«al  bultu,  sach  u  those  shoim  in  fig.  333,  the  water*  of 

Fio.  323. 


which  on  evaporation  yield  n  crude  boracic  acid  from  which  •  largo  proportion 
ot  the  borax  ot  commerce  u  now  manuractured.  Acoordmg  to  the  ingenioiu 
anggMtion  of  Lardarello  the  heat  supplied  by  the  fumerolles  themselves  is  em- 
pl^ed  in  this  evaporatum  Water  from  the  a^jseent  spnnga  is  directed  into 
the  nppennost  banin,  a  here  it  stays  for  twenty  four  hoars,  and  is  run  off  after 
aocoessive  intervals  of  twenty-four  hours  into  each  of  the  four  lower  banins, 
b,  e,  d,  e.  From  the  last  of  thene  it  flows  into  settling  v»la,f,f,  where  in  the 
course  of  twenty-four  hours  more  the  auapended  matters  subside.  The  super- 
natant liquid,  which  contains  from  1^  to  1  per  cent  of  boraclo  and,  is  then  de- 
canted into  ahallow  leaden  evapontang  pans,  g,  g,  heated  by  the  vapours  of 
several  famerolles,  which  circulate  underneath  in  flues,  h,  arranged  for  the 
purpose.  In  twenty-four  hours  the  liquor  is  rednced  to  about  half  ita  bulk-,  ii 
is  then  transferred  t»  a  smaller  jnui,  on  a  lower  level,  when  iti^iU(n(e&te«««f 
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porate  for  twenij-four  hours  longer :  it  is  again  isransferred  to  a  smaller  pan, 
where  after  the  lapse  of  twenty-four  hours  more  it  has  acquired  a  density  of  i  '07 
or  i'o8,  and  is  sufficiently  concentrated  to  crystallize  on  cooling.  Calcic  sul- 
phate is  deposited  in  abundance  in  the  pans  during  these  evaporations,  and  it 
requires  removal  from  time  to  time.  About  two  thousand  tons  of  the  crude  add 
are  annually  thus  procured  in  Tuscany.  The  crude  acid,  however,  seldom  ooq- 
tains  more  than  three-fourths  of  its  weight  of  the  pure  crystallized  acid,  the  re- 
mainder consisting  principally  of  ammonic  and  magnesic  sulphates,  with  small 
quantities  of  aluminic  sulphate  and  of  other  alkaline  and  earthy  sulphates,  a 
peculiar  organic  matter,  and  a  small  proportion  of  silica.  By  boring  into  the 
Tolcauic  strata,  artificial  soffioni  have  been  formed  which,  as  at  Travale,  yield  a 
large  quantity  of  boracic  acid,  by  treatment  similar  to  that  above  described. 

The  commercial  acid  is  purified  by  adding  to  it  sodic  car- 
bonate as  long  as  efiervescence  occurs^  and  thus  forming  borax, 
which  is  obtained  nearly  pure  by  crystallization  (592). 

In  order  to  procure  the  acid,  purified  borax  is  dissolved  in  4 
parts  of  boiling  water,  and  to  the  hot  solution,  oil  of  vitriol  equal 
in  weight  to  that  of  one-fourth  of  the  borax  employed  is  added 
after  dilution  with  a  little  water.  In  this  process  sodic  sulphate 
is  formed,  and  boracic  acid  is  liberated.  The  sparingly  soluble 
boracic  acid  crystallizes  out  on  cooling,  in  pearly-looking  scales 
which  feel  greasy  to  the  touch.  It  is  not,  however,  quite  pure, 
as  it  always  retains  a  little  sulphuric  acid.  To  remove  this,  the 
crystals  are  washed  with  ice-cold  water,  dried,  and  fused  in  a  pla- 
tinum crucible,  and  on  redissolving  the  mass  in  4  times  its 
weight  of  boiling  water,  the  acid  crystallizes,  on  cooling,  in  a 
state  of  purity. 

The  composition  of  this  acid  is  the  following ; — 

Anhjdride.  CryBtallized  :  HB0„H,0. 

Boron        ...   B,    =    21*8  or  31*23  B  =      109  or )    , 

Oxygen     ...   0,     =    48  6877  JO,  =      24*0      ]^   ^^ 

Water        ...  iiH,0        =      27-0        43-61 

Boracic  acid  B^O,  =  69*8  100*00  BH,0,  =  61*9  loo'oo 
Properties, — The  crystals  of  boracic  acid  effloresce  and  lose 
two-thirds  of  their  water  at  a  gentle  heat,  and  at  a  slight  increase 
of  temperature  become  converted  into  the  anhydride ;  at  a  red 
heat,  or  a  little  below,  the  anhydride  fuses  to  a  transparent,  viscid, 
ductile  glass,  which  remains  clear  as  it  cools.  It  gradually 
absorbs  moisture  from  the  air  and  crumbles  to  pieces.  Boracic 
acid  communicates  to  its  compounds  the  property  of  ready 
fusibility :  indeed  it  is  chiefly  on  this  account  that  it  is  valued. 
Many  of  the  borates  are  admirably  adapted  for  fluxes,  which  are  used 
in  the  glazing  of  porcelain,  and  in  the  melting  of  gold  and  silver. 
Boracic  acid  is  sparingly  soluble  in  cold  water,  but  it  is  dis- 
solved bj  3  times  its  weight  of  boiling  water :  the  solution  has  a 
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bitterish  and  scarcely  sour  taste ;  if  allowed  to  evaporate  upon 
turmeric  paper^  it  turns  the  paper  brown,  as  all  alkali  would  do ; 
it  gives  to  litmus  a  purplish-red  tint^  instead  of  the  usual  bright 
red  of  the  stronger  acids.  It  gradually  decomposes  solutions  of 
the  carbonates  even  in  the  cold ;  but,  on  the  other  hand,  a  brisk 
current  of  gaseous  carbonic  anhydride  or  of  sulphuretted  hydrogen 
wiU  cause  a  separation  of  boracic  acid  in  crystals  from  a  strong 
solution  of  borax.  Boracic  acid  is  soluble  in  alcohol,  and  the 
solution  bums  with  a  characteristic  green  flame,  which,  when 
viewed  through  the  spectroscope  is  seen  to  exhibit  five  well  marked 
green  bands  (Part  I.  fig.  8i,  No.  6).  It  is  not  possible  to  eva- 
porate a  solution  of  boracic  acid  either  in  alcohol  or  in  water 
without  losing  a  portion  of  the  acid,  for  the  vapour  always  car- 
ries with  it  an  appreciable  amount  of  the  acid ;  and  if  steam  at 
a  high  temperature  be  transmitted  over  boracic  acid  or  calcic 
borate,  the  acid  is  volatilized  in  considerable  quantities. 

Borates. — Boracic  anhydride  is  but  very,  slowly  volatilized  by 
ignition,  and  hence,  though  its  chemical  activity  is  very  feeble,  it 
at  high  temperatures  expels  all  anhydrides  more  volatile  than 
itself,  when  fused  with  their  salts.  It  enters  into  combination 
with  the  alkaline  bases  in  a  great  variety  of  proportions,  resem- 
bling silica  in  this  respect  as  in  some  others.  Although  many  of 
these  salts  contain  more  than  i  atom  of  acid,  they  all  restore  the 
colour  of  reddened  litmus-paper.  A  potassic  hexaborate  (KjO,6B203 
5H2O)  may  be  obtained  in  crystals,  and  a  triborate  (KgO,3BgOj, 
SHjO)  has  also  been  crystallized.  The  borates  of  the  alkali-metals 
are  freely  soluble,  those  of  the  other  metals  are  only  imper- 
fectly soluble ;  none  of  the  borates,  however,  are  so  insoluble 
as  to  furnish  an  accurate  mode  of  ascertaining  the  quantity  of 
boracic  acid  present  in  solution  by  the  formation  of  a  precipitate. 
All  the  sparingly  soluble  borates  are  dissolved  by  diluted  nitric 
acid.  In  analysing  a  borate  it  is  usual  to  determine  the  amount 
of  all  the  other  acids  and  metals,  and  other  constituents,  and  to 
estimate  the  deficiency  as  boracic  acid.  It  is  not  unlikely  that 
boracic  acid  may  have  been  overlooked  in  many  minerals,  as  its 
detection  in  small  quantities  is  rather  diflBcult  except  by  the  aid 
of  the  spectroscope.  If  a  borate  be  fused  with  a  little  hydro- 
potassic  sulphate  mixed  with  a  fourth  of  its  weight  of  finely 
powdered  fluor-spar  on  a  platinum  wire  in  a  Bunsen  gas-flame, 
its  transient  green  light  is  easily  analysed  by  the  prism. 

(482)  A  tesqui sulphide,  a  trichloride,  and  a  tribromide  of  boron  may  be 
prepared  by  methods  similar  to  those  employed  to  obtain  the  corresponding 
oompoimds  of  silicon.      Boric   trichloride  (BCl,  =  117-4;    Sp.  Or.  3*9\i  \ 
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Mol.  Vol.  I  ;  I ;  Bel.  y)t.  587) ;  is  gaseous  at  ordinary  temperaturoi ;  it  fomai 
strongly  in  air,  and  is  instantly  decomposed  by  water  into  hydroohloirio  and 
boracio  acids.     It  has  the  following  composition  :— 

Bj  weight.  Br  Toloma  Bp.  fr. 

Boron B      =      lO'g  or    9*29        a  r  or  0*5    =    0*376 

Chlorine  ...    CI,    =     106*5       9071        3         15    =    3*679 

Boric  chloride      BCl,    =     117*4      100*00        2  i      =    4'055 

Two  volumes  of  this  trichloride  unite  with  3  volumes  of  ammonia,  and  beoome 
condensed  into  a  volatile  crystalline  saline  body. 

(483)  BoBic  Fluoride^  or  Trifltwride  of  boron  (BF3=67*9); 
Rel.  wt.  33*9  j  8p.  Gr.  a'3i2 ;  Mol.  Vol.  [~  j    |. — Boron  forms  with 


fluorine  a  compound  somewhat  analogous  to  the  silicic  fluoride. 
It  is  best  prepared  as  follows:  7,  parts  of  fluor-spar  and  i  of 
vitrified  boracic  anhydride,  both  in  fine  powder,  are  intimately 
mixed,  and  intensely  ignited  in  a  wrought-iron  tube  closed 
at  one  end;  decomposition  occurs  thus:  3CaF2 4-46^03= 3 (Ca 
aBOg)  +  2BF3.  Calcic  diborate  remains  in  the  tube,  and  the  tri- 
fluoride  of  boron  passes  over  as  a  colourless  gas,  which  may  be 
collected  over  mercury.     The  composition  of  boric  fluoride    is 


the  following : — 

Bj  weight. 

By  Tol.                  8p.  gr. 

Boron            ...    B    =     10*9  or  16*07 

2P  or  iP     =     0*376 

Fluorine        ...    F,  =    57*0       83*93 

3           1-5    =     1969 

Boric  fluoride    BPj   =     67*9      loo'oo        3  I'o    =    2*345 

Boric  fluoride  does  not  support  combustion ;  it  has  an  irritating 
odour,  and  fumes  densely  in  the  air.  It  is  instantly  absorbed  by 
water,  which  dissolves  700  times  its  volume  of  the  gas,  with  rapid 
rise  of  temperature,  whilst  it  increases  in  density  to  1*77,  and 
forms  an  oily-looking,  fuming,  and  corrosive  acid  liquid,  which 
chars  organic  matter  as  powerfully  as  oil  of  vitriol.  This  solu- 
tion has  been  called  borofiuoric  acid.  The  reaction  which  occurs 
when  the  gas  comes  into  contact  with  water  is  very  simple, 
aBFj  +  sHjO,  yielding  (B203,6HF).  When  heated,  a  part  of  the 
gas  escapes,  and  the  specific  gravity  of  the  liquid  becomes  reduced 
to  1*584;  when  of  this  density  it  distils  unchanged,  and  contains 
two  atoms  of  water,  the  formula  of  the  aqueous  solution  becoming 
(Bjj03,6HF,2HgO).  Borofiuoric  acid  is  also  easily  prepared  by 
saturating  hydrofluoric  acid  with  boracic  acid,  keeping  the  mix- 
ture cool,  and  then  concentrating  it  in  platinum  vessels  till  dense 
fumes  arise. 

When  largely  diluted  with  water,  one-fourth  of  the  boron  is  separated  in  the 
form  of  horacic  acid,  and  another  compound  is  found  in  solution,  termed  hydro^ 
Jluohoric  ncid.  In  compoKition  this  body  somewhat  resembles  the  silicofluoric 
jMid,  though  it  Li  not  strictly  analogous  to  it.   Its  formation  is  readily  explained 
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by  the  following  equation,  from  which  it  will  be  seen  that  hydrofluoboric  acid 
contains  the  elements  of  i  atom  of  hydroflaoric  acid  and  i  atom  of  boric  tri- 
flnoride : — 

8BF,  +  4H,0  =  2HBO,  +  6(HP.BPJ. 

So  strong  is  the  tendency  to  the  formation  of  thb  compoand  in  dilute  solutions, 
that  if  boracic  acid  be  added  to  a  solution  of  fluoride  of  potassium  or  of  ammo- 
nium, for  each  equivalent  of  boracic  acid  present,  3  equivalents  of  potash  or  of 
ammonia  are  liberated,  and  fluoboride  of  the  basyl  is  formed :  for  example, 
8KF  +  2HBO,  +  2H,0  =  a(KF,BF,)  +  6KH0. 

(484)  BoAic  NiTsiDE,  or  NiTBiDB  OF  BoBOiT  (BN). — ^As  abready  men- 
tioned, boron  combines  with  nitrogen  at  a  red  heat  with  great  avidity.  Boric 
nitride  may  also  be  obtained  by  transmitting  a  current  of  dry  nitrogen  gas  over 
a  mixture  of  i  part  of  pure  finely-powdered  charcoal  with  4  parts  of  fused  boracic 
anhydride,  exposed  to  a  full  white  heat  in  a  porcelain  tube.  It  may  likewise  be 
procured  readily  by  mixing  i  part  of  anhydrous  borax  with  2  parts  of  sal  am- 
moniac, and  heating  it  to  full  redness  in  a  covered  platinum  crucible ;  a  white, 
infusible,  porous  mass  is  lefl,  which,  when  boiled  with  diluted  hydrochloric  acid 
and  well  washed,  yields  boric  nitride  as  a  white,  light,  amorphous,  insoluble 
powder,  which  feels  like  talc  when  rubbed  upon  the  skin.  It  may  be  heated  in 
hydrogen  or  in  chlorine  without  change ;  it  is  but  very  slowly  acted  upon  by 
concentrated  acid  or  alkaline  solutions ;  but  when  fused  with  potassic  hydrate  it 
is  converted  into  ammonia  and  potassic  borate,  3EH0  +  BN  =  EBO,  +  K,0  + 
H,N.  In  a  current  of  steam  it  is  completely  converted  into  ammonic  bwate ; 
BN  +  2H,0  yielding  H^NBO,.  It  is  also  decomposed  when  heated  with  easily 
reducible  metallic  oxides,  such  as  those  of  lead  or  copper;  nitric  oxide  being 
evolved. 


CHAPTER  X. 
Otheb  Compounds  of  thb  Non-metals. 

§  I.  Compounds  of  Htdbogen  and  Oxygen. 

(485)  Peboxide  of  Htdbogen  ;  Hydric  dioxide,  or  Hydroxyl 
(Hg02=34);  Sp.  Gr,  of  Liquid,  1*453. — Water  is  not  the  only 
compound  of  oxygen  with  hydrogen.  Th^nard  in  the  year  1818, 
discovered  a  remarkable  substance^  which^  as  it  contains  2  atoms 
of  oxygen  in  combination  with  2  atoms  of  hydrogen^  is  termed 
peroande  of  hydrogen.  It  is  a  colourless  liquid^  of  syrupy  con- 
sistence, with  an  odour  somewhat  resembling  that  of  chlorine 
very  much  diluted ;  it  remains  liquid  at  a  temperature  of  —22° 
(—30®  C).  This  peroxide  is  a  very  unstable  compound;  a  tem- 
perature of  about  68°  (20*^  C.)  is  sufficient  to  cause  the  oxygen  to 
begin  to  escape  in  small  bubbles,  and  when  heated  to  the  boiling- 
point  of  water  the  gas  is  evolved  with  a  rapidity  almost  amount- 
ing to  an  explosion.  The  liquid  is  soluble  in  water  in  all  propor- 
tions ;  when  diluted  it  is  less  easily  destroyed  by  elevalioii  oi 
II.  m 
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temperature^  thongli  ebullition  for  a  few  minutes  is  sufficient  to 
expel  the  whole  of  the  additional  atom  of  oxygen^  water  al(me 
remaining.  This  circumstance  furnishes  an  easy  method  of 
analysing  the  hydric  peroxide.  A  given  weight  of  the  liquid  is 
placed  in  a  small  retort^  and  diluted  with  lo  or  i%  times  its  bulk 
of  water ;  the  temperature  is  raised  to  ebullition,  oxygen  is  given 
off  freely,  and  the  gas  is  collected  over  mercury  and  measoxed 
when  cool :  the  weight  of  the  oxygen  can  be  calculated  from  its 
bulk,  and  deducting  the  weight  thus  obtained  fi^m  that  of  the 
peroxide  operated  upon,  it  will  be  found  that  for  each  i6  mgrms. 
of  oxygen  expelled,  i8  of  water  remain;  consequently,  as  water 
contains  2  mgrms.  of  hydrogen  combined  with  16  of  oxygen,  hydric 
peroxide  will  contain  2  mgrms.  of  hydrogen  united  with  32  of 
oxygen. 

Hydric  dioxide  bleaches  a  solution  of  litmus,  and  many  yege- 
table  colours ;  a  drop  of  it,  if  placed  upon  the  tongue,  blanches  it, 
and  destroys  sensation  for  a  time ;  the  taste  of  the  liquid  is 
astringent  and  somewhat  metallic.  By  means  of  hydric  peroxide 
the  black  plumbic  sulphide  (PbS)  is  converted  into  the  white  sul- 
phate of  the  metal  (PbSOJ,  and  many  metallic  protoxides  become 
oxidized  to  the  maximum. 

Hydric  peroxide,  however,  is  not  only  decomposed  by  sub- 
stances which  possess  an  attraction  for  oxygen,  but  the  mere  con- 
tact of  many  finely  divided  metals  and  metallic  oxides  which  do 
not  undergo  any  permanent  change,  occasions  its  decomposition; 
gold,  silver,  and  platinum  produce  an  instantaxieous  evolution  of 
oxygen  gas,  which  is  the  more  rapid  the  finer  the  subdivision  of 
the  body  by  which  the  decomposition  is  occasioned.  A  similar 
effect  is  produced  by  contact  with  the  oxides  of  these  metals,  or 
with  the  peroxide  of  manganese  or  of  lead.  It  is  especially  to 
be  remarked  that  the  oxides  of  silver,  gold,  and  platinum,  not 
only  decompose  peroxide  of  hydrogen,  but  they  are  themselves 
reduced  to  the  metlillic  state.  These  decompositions  are  all  ren- 
dered less  rapid  by  the  addition  of  a  few  drops  of  sulphuric  or 
hydrochloric  acid,  but  are  hastened  by  the  addition  of  a  little 
free  alkali.  If  hydric  peroxide  in  its  concentrated  form  be 
allowed  to  fall  drop  by  drop  upon  argentic  oxide,  black  oxide  of 
manganese,  or  upon  metallic  silver,  platinum,  or  osmium  in  a 
finely  divided  state,  it  is  decomposed  with  explosion  and  great 
elevation  of  temperature. 

Preparation. — Owing  to  the  unstable  character  of  hydric  per- 
oxide, its  preparation  in  a  pure  state  is  attended  with  great  diffi- 
culty^ although  in  principle  the  process  is  simple.     An  indirect 
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method  is  resorted  to  for  procuring  it : — Caustic  baryta  (BaO), 
when  heated  to  dull  redness  in  a  current  of  oxygen  gas,  combines 
with  an  additional  atom  of  oxygen,  and  becomes  baric  dioxide 
(BaOg) :  when  this  substance  is  moistened  with  water  it  forms  a 
hydrate  (BaOj,6H30).  Hydric  peroxide  is  obtained  from  this 
hydrated  compound  by  decomposing  it  by  means  of  hydro- 
chloric acid. 

The  hydrated  baric  dioxide  is  reduced  to  a  paste  by  grinding  it  in  a  mortar 
with  water,  and  is  added  in  small  qoantities  at  a  time  to  hydrochloric  acid  dilated 
with  water,  and  kept  cool  by  immersing  the  vessel  in  ice  and  water ;  the  dioxide 
is  gradoally  dissolved  without  effervescence,  baric  chloride  and  peroxide  of 
hydrogen  being  formed;  BaO,.6H,()+ 2Ha  yielding  H,0,  +  6H,0  +  Baa,. 
When  the  hydrochloric  acid  is  nearly  saturated  with  the  dioxide,  the  baric  chlo- 
ride is  decomposed  by  the  cautions  addition  of  dilated  sulphurie  acid ;  an  inso- 
luble baric  sulphate  is  precipitated,  whilst  hydrochloric  acid  is  set  free,  and  is 
able  to  decompose  a  fresh  quantity  of  baric  dioxide,  which  must  be  added  with 
the  same  precautions  as  at  first.  The  addition  of  sulphuric  acid  produces  no 
change  on  the  hydric  peroxide  which  is  present  in  the  solution  :  it  is  merely  an 
expedient  for  getting  rid  of  the  barium  and  liberating  the  hydrochloric  acid.* 

The  bario  sulphate  is  next  removed  by  filtration,  and  the  liquid  thus  left  is 
simply  a  very  dilute  solution  of  hydric  peroxide  with  an  excess  of  hydrochloric 
acid.  This  acid  is  again  able  to  decompose  a  fresh  portion  of  the  baric  dioxide. 
The  same  series  of  operations  is  repeated  upon  the  liquid  three  or  four  times  in 
succession,  alternately  adding  baric  dioxide,  and  removing  the  barium  in  the 
form  of  baric  sulphate ;  until  a  liquid  is  obtained  which  consists  of  dilute  hydric 
peroxide  containing  30  or  40  times  its  bulk  of  oxygen,  and  a  large  quantity  of 
hydrochloric  acid.  The  hydrochloric  acid  has  now  to  be  removed,  and  this  is 
^ected  by  adding  argentic  sulphate,  until  a  trace  only  of  hydrochloric  acid  is 
left  in  the  liquid. f  Sulphuric  acid  is  thus  substituted  for  the  hydrochloric  acid, 
which  is  precipitated  in  the  form  of  the  insoluble  argentic  chloride,  while  the 
hydric  peroxide  remains  unchanged  in  the  liquid. 

The  sulphuric  acid  is  now  got  rid  of  by  the  careful  addition  of  baryta  water, 
which  is  at  last  added  drop  by  drop,  so  as  to  remove  the  whole  of  the  sulphuric 
acid  without  introducing  any  excess  of  baryta:  the  liquid  is  once  more  filtered, 
and  is  now  a  pure  solution  of  hydric  peroxide  in  water ;  finally,  it  may  be  trans- 
ferred to  a  basin  and  placed  over  sulphuric  acid  in  the  exhausted  receiver  of  the 
air-pump.  The  water  evaporates  much  more  rapidly  than  the  peroxide,  which 
is  thus  at  length  obtained  in  a  concentrated  form. 

Schonbein  has  shown  {Ann,  de  Chimie,  III.  Iviii.  479)  that  in  various  pro- 
cesses where  ozone  is  formed,  small  quantities  of  hydric  peroxide  are  also 
produced ;  and  in  the  electrolysis  of  acidulated  and  saline  solutions  when  ozone 
is  formed,  traces  of  the  peroxide  are  likewise  produced  if  the  operation  is  con- 


*  Pelouze  substitutes  silicofluorie  for  hydrochloric  acid  in  decomposing  the 
baric  dioxide  ;  it  shortens  the  operation  by  removing  the  barium  at  once  in  the 
form  of  an  insoluble  baric  silicofluoride.  Baric  dioxide  may  also  be  decomposed 
by  suspending  it  in  water,  and  transmitting  a  current  of  carbonic  anhydride,  bnt 
the  solution  so  obtained  is  dilute. 

f  X)xide  of  silver  cannot  be  substituted  for  the  sulphate,  as  it  would 
immediately  occasion  the  evolution  of  the  additional  atom  of  oxygen  in  the 
compound. 

•  2 
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dacted  at  a  low  tenperatnre,  the  proportion  of  gaaeoot  oiygeo  ooQeoted  in  tlie 
Toltaooeter  being  then  always  a  little  below  the  theoretical  quantify. 

§  n.  Compounds  op  Carbon  and  Htdroobn. 

(486)  Thb  compounds  of  carbon  with  hydrogen  are  very 
numerous.  They  are  all  derived  firomthe  decomposition  of  bodies 
of  oi^nic  origin.  Many  of  these  bodies  exhibit  absdlute  identity 
in  the  proportion  of  the  two  elements  which  compose  them, 
although  they  are  endowed  with  properties  perfectly  distinct ;  and, 
firom  the  different  densities  of  these  bodies  in  the  gaseous  or 
vaporous  condition^  it  is  obvious  that  the  condensation  of  their 
particles  is  different.  For  example,  the  following  are  a  few  of 
the  many  compounds  which  contain  in  100  parts  85*71  of  carbon 
and  14*29  of  hydrogen : — 


MoL^roL 

defiant  gas 

... 

C^ci^     ... 

specific  gravity,  0*978  ...  2 

Oil  gas  ... 

... 

C^H  J     ... 

„        1852  ...  2 

Kaphthene 

•  • . 

C,H,,    ... 

3'9^o  ...  2 

Cetylene 

••. 

^w^M  ••• 

f,          „       8*007  *'*  ^ 

Such  bodies  are  said  to  be  polymeric.  At  present  it  will  not  be 
necessary  to  describe  more  than  three  compounds  of  carbon  and 
hydrogen — ^viz.,  olefiant  gas,  marsh  gas,  and  oil  gas. 

(487)  Olepiant  Gas  ;  Elayl,  or  Ethylene  (C,H^=28) ;  Rel.  wi. 
14;  Theoretic  Sp.  Gr.  0*967;  Observed,  0*9784;  Mol.  Vol.  P  |    j. 

Preparation. — i. — If  2  measures  of  concentrated  sulphuric 
acid  be  mixed  with  i  measure  of  alcohol,  in  a  retort  capable  of 
containing  at  least  four  times  the  bulk  of  the  liquid  introduced, 
on  distillation  a  transparent  colourless  gas  is  obtained,  consisting 
of  carbon  and  hydrogen.  It  is  accompanied  by  the  vapour  of 
ether,  and  towards  the  close  of  the  process  by  sulphurous  acid  in 
large  quantity.  The  ole6ant  gas,  as  this  compound  of  carbon  and 
hydrogen  is  termed,  at  first  comes  off  freely,  but  by  degrees  the 
mixture  blackens  and  becomes  thick,  and  froths  up  considerably, 
so  that  the  operation  requires  careful  watching  in  its  latter  stages : 
this  tendency  to  frothing  may  be  much  diminished  by  adding  to 
the  mixture,  before  applying  heat,  a  quantity  of  sand  equal  in 
weight  to  half  that  of  the  acid  employed.  The  gas  may  be  puri- 
fied by  causing  it  first  to  pass  through  an  empty  bottle,  kept  cool 
by  immersion  in  water,  in  order  to  condense  the  vapours  of  alcohol 
and  ether ;  then  washing  it  in  a  solution  of  potash,  to  absorb  sul- 
phurous acid,  removing  the  last  traces  of  ether  by  allowing  it  to 
bubble  up  through  concentrated  sulphuric  acid,  and  finally  drying 
it>  when  necessary,  by  causing  it  to  traverse  a  tube  filled  with 
Jtagmenta^pt  pxumQe  moistened  with  oil  of  vitriol. 
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This  remarkable  decomposition  may  be  thus  explained :  alcohol 
enters  into  combination  with  sulphuric  acid^  and  forms  a  peculiar 
compound  acid,  the  sulphovinic  or  ethylsulphuric  acid,  which  is 
decomposed  by  a  high  temperature :  the  sulphuric  acid  is  liberated 
in  an  unchanged  condition,  whilst  the  alcohol  breaks  up  into 
water  and  defiant  gas ;  at  the  same  time  a  portion  of  the  water 
with  which  the  acid  was  at  first  diluted  distils  off,  and  accompanies 
the  olefiapt  gas : — 

AlooboL  Salpbnrio  Mid.  Bthylstdphiuio  aoid.  Water. 

C^fi     +      H^^  becomes  HCgH^SO^     +      Hfi] 

BthyUolphario  add.  Solphorio  aoid.  Oleflant  gu. 

and  by  heat  HCjHgSO^  becomes  H^SO^      -h      C^H^. 

m 

2. — Olefiant  gas  is  also  obtained,  mixed  with  various  other 
gaseous  compounds,  during  the  destructive  distillation  of  a  large 
number  of  bodies  of  organic  origin — ^particularly  the  resins,  the 
fats  and  oils,  and  the  different  varieties  of  pit-coal.  It  forms  an 
important  component  of  coal-gas. 

Properties, — Olefiant  gas  is  transparent  and  colourless ;  it  has 
a  faint,  sweetish,  alliaceous  odour,  and  is  soluble  in  about  12  times 
its  bulk  of  cold  water.  It  was  liquefied  by  Faraday  under  great 
pressure,  but  remained  unfrozen  at  —166°  (—110®  C.)  Olefiant 
gas  does  not  support  life  or  combustion,  but  is  itself  very  inflam- 
mable, and  burns  with  a  white  luminous  flame,  depositing  carbon 
abundantly  upon  cold  bodies  which  are  introduced  into  its  flame. 
If  it  be  transmitted  through  porcelain  tubes  heated  to  bright  red- 
ness, it  is  decomposed :  half  its  carbon  is  deposited,  and  another 
compound  of  carbon  with  hydrogen  (light  carburetted  hydrogen) 
is  formed,  which  occupies  the  same  volume  as  that  of  the  olefiant 
gas  from  which  it  was  produced.  If  the  heat  to  which  the  gas 
is  subjected  be  extremely  intense,  all  the  carbon  is  deposited, 
and  for  each  volimie  of  gas  decomposed  2  volumes  of  hydrogen 
are  liberated. 

The  composition  of  olefiant  gas  may  be  ascertained  by  deto- 
nation with  oxygen :  the  explosion,  however,  is  very  powerful,  and 
requires  care,  otherwise  the  eudiometer  will  be  broken.  One 
volume  of  the  gas  requires  for  its  complete  combustion  3  volumes 
of  oxygen  ;  2  volumes  of  carbonic  anhydride  remain  and  represent 
2  out  of  the  3  volimies  of  oxygen,  whilst  the  other  volume  of 
oxygen  combines  with  2  volumes  of  hydrogen,  fumi9hing  2  volumes 
of  steam,  which  immediately  become  condensed :  2  volumes  of 
hydrogen  and  2  of  carbon  vapour  are  therefore  condensed  in  ole- 
fiant gas  into  the  space  of  i  volume.     C3H^+30j=aCO^-Va¥L^« 
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From  these  data  the  composition  of  the  gas  maj  be  represented 
in  the  foUowing  manner :— 

B7  weight.  Bj  ToL  8p.  gr. 

Carbon  C,    =    34  or  85*71        4P  or  a'o  =  0*839 

Hydrogen       H4   =      4        14*39        4  3'o  =  0*138 

Olefiantgas    C,H4    =   38      loo'oo        3  I'o        0*967 

Olefiant  gas  is  slightly  soluble  in  alcohol,  in  oil  of  torpentine, 
and  in  the  fixed  oils.  It  combines  with  sulphuric  anhydride, 
forming  with  it  a  peculiar  compound ;  hence  it  is  completely  ab- 
sorbed by  filming  sulphuric  acid,  and  it  is  somewhat  soluble  in 
ordinary  oil  of  vitriol ;  the  latter  by  brisk  agitation  with  the  gas 
may  be  made  to  take  up  30  or  40  times  its  volimie,  forming 
ethylsulphuric  acid.  It  also  combines  with,  and  is  absorbed  by, 
antimonic  chloride.  Olefiant  gas,  when  mixed  over  water  with  an 
equal  volume  of  chlorine,  unites  with  it  and  becomes  condensed 
to  a  heavy,  sweetish,  aromatic  liquid :  it  collects  into  oily-looking 
drops,  which  sink  in  water  :  it  was  owing  to  this  reaction  that  the 
name  of  olefiant  (or  oil-producing)  gas  was  given  to  it,  and  the 
oUy  body  itself  is  commonly  known  as  Dutch  liquid,  from  the 
circumstance  of  its  discovery  in  Holland.  If  i  measure  of  olefiant 
gas  be  mixed  with  2  measures  of  chlorine,  the  mixture  may  be 
kindled  by  a  lighted  taper,  and  will  burn  quietly,  depositing  the 
whole  of  the  carbon  of  the  gas  in  the  form  of  a  dense  smoke, 
whilst  the  hydrogen  unites  with  the  chlorine  to  form  hydrochloric 
acid.  Olefiant  gas  will  be  referred  to  hereafter  among  the  pro- 
ducts of  organic  chemistry ;  where,  as  a  dyad  radicle,  it  performs 
an  important  part. 

(488)  Dutch  Liquid;  Glycol  dichloride,  or  Ethylene  di- 
chloride  (C8H3a,HCl,  or  C2H^Clg=99).  Sp.  Gr.  of  Liquid,  ra8 
at   32°   (0°  C.) ;    of  Vapour,   Theoretic,   3*42 ;    Observed,    3*45 ; 


Boilinff-pt.  185°  (85°  C);  Mol.  Vol.  {;]',  Rel.  wt.  49-5.— 
This  is  a  compound  of  considerable  interest,  as  it  is  the  sub- 
stance from  which  the  chlorides  of  carbon  were  origiaally  obtained 
by  Faraday ;  aod  the  careful  study  (since  made  by  Begnault)  of 
the  stages  by  which  these  substances  are  formed,  illustrates  in 
a  striking  manner  the  mode  in  which  compounds  may  be  pro- 
cured by  a  process  of  substitution  in  which  the  hydrogen  of 
the  original  body  is  displaced  by  chlorine.  Moreover  its  rela- 
tion to  the  diatomic  alcohol,  glycol,  has  invested  its  study  with 
additional  importance. 

Preparation. — i. — Dutch  liquid  is  required  in    considerable 
guantiiy  for  these  experiments ;  it  may  be  easily  obtained  by 
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Limpiicht's  method  of  transmitting  the  olefiant  gas  through  a 
mixture  of  black  oiide  of  manganese  and  hydrochloric  acid^  from 
which  the  chlorine  is  generated.  The  olefiant  gas  is  conveyed 
into  this  mixture  by  means  of  a  bent  tube  which  passes  through 
the  tubulure  of  the  retort^  and  the  Dutch  liquid,  as  it  is  formed, 
distils  over  into  a  receiver  connected  with  the  retort.  Formerly 
it  was  the  practice  to  allow  a  current  of  chlorine  and  a  current  of 
olefiant  gas^  both  in  a  moist  state^  to  meet  in  a  large  glass  globe, 
where  they  condensed  each  other  under  the  influence  of  difiused 
daylight. 

2. — Another  method  by  which  Dutch  liquid  may  be  prepared 
consists  in  transmitting  olefiant  gas  through  antimonic  chloride 
(SbCl^)  so  long  as  it  is  absorbed.  The  product  is  submitted  to 
distillation^  and  the  heat  is  maintained  so  long  as  the  distillate 
yields  an  oily  liquid  on  the  addition  of  water. 

Hie  oil  which  is  obtained  by  either  of  these  processes  is  de- 
canted, agitated  with  successive  portions  of  oil  of  vitriol  so  long 
as  they  become  blackened,  and  the  product  purified  by  re- 
distillation. 

Dutch  liquid  is  a  colourless  aromatic  liquid  which  is  not 
soluble  in  water,  but  freely  soluble  in  ether  and  in  alcohol.  The 
simplest  supposition  respecting  the  composition  of  this  body,  since 
its  vapour  consists  of  equal  volumes  of  chlorine  and  olefiant  gas, 
condensed  into  half  their  bulk,  is  that  its  atomic  weight  should  be 
(CHjCl),  or  one-half  of  that  which  has  been  given  above  (487). 
The  investigations  of  Regnault  have,  however,  shown  that  the 
composition  of  Dutch  liquid  is  not  correctly  represented  by  so 
simple  a  formula ;  that  its  molecular  formula  is  not  CHgCl,  but 
just  double.  The  usual  combining  volume  of  an  atom  of  such 
vapours  is  twice  that  of  the  atom  of  hydrogen,  and  the  density 
of  the  vapour,  as  obtained  by  experiment  (3*45)  coincides  almost 
exactly  with  that  required  by  the  supposition  that  the  formula 
is  (CjH^Cy :— 

Bj  weight.  Bj  toL  Bp.  fr. 

CUorine CL  =  71  or  71*68        a  or  i  =  2*453 

Carbon C,  =  34        24*38        4P      a  =  0-830 

Hjdrogen  H4  =     4  404        4        3  =  0*138 

Dutch  liquid       CsH^Cl,  =  99      loo'oo        3        i  =s  3*430 

The  formula  for  Dutch  liquid  is  sometimes  written  CjHjCl,HCl. 

It  was  ascertained  by  Faraday  that  when  Dutch  liquid  is  ex- 
posed in  a  glass  vessel  with  chlorine  to  the  direct  rays  of  the  sun, 
taking  care  to  renew  the  chlorine  as  long  as  it  is  absorbed,  the 
liquid  is  ultimately  converted  into  the  white  crystaUine  ttiA  ^ci^ 
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tile  chloride  of  carbon  (C^Cl^)^  whilst  a  very  copious  disengage- 
ment of  hydrochloric  acid  gas  takes  place  (387). 

Regnault  has  shown  that  the  formation  of  this  chloride  of 
carbon  is  the  result  of  the  interchange  of  chlorine  for  hydrogen 
in  the  composition  of  the  Dutch  liquid ;  so  that  the  chloride  of 
carbon  may  be  regarded  as  Dutch  liquid  in  which  the  place  of 
the  hydrogen  is  supplied  by   chlorine :  and  he  has  described  a 
series  of  compounds  intermediate  between  the  liquid  and  Faraday's 
solid  chloride  of  carbon.    For  example : — if  chlorine  be  transmitted 
through  Dutch  liquid^  the  gas  is  absorbed  rapidly^  and  the  liquid 
acquires  a  yellow  colour^  which  disappears  with  copious  evolutian 
of  hydrochloric  acid  when  it  is  brought  into  the  sun's  rays  :  by 
carefully  adjusting  the  addition  of  chlorine^  a  new  liquid  is  obtained, 
which  boils  at  239°  (115°  C),  and  has  a  specific  gravity  of  1*422. 
Two  atoms  or  i  molecule  of  chlorine  act  upon  i  molecule  of  Dutch 
liquid^  I  atom  of  the   chlorine  combining  with  i  of  hydrogen  to 
form  the  disengaged  hydrochloric  acid,  while  the  second  atom  of 
chlorine    takes  the    position    of  the  displaced   hydrogen:   thus 
CgH^Clj  +  Clg  furnish  C2H3a3,  +  Ha.     This  new  liquid  may  be 
made  to  absorb  a  fresh  quantity  of  chlorine,  and  in  the  sun's  rays 
it  undergoes   a  change  analogous  to  the  preceding  one ;  a  liquid 
is  formed   which  boils  at   275°  (135°  C),  and  has  a  density  of 
1-576;  CjHjClj  +  Clg  yielding  CgHgCl^+HQ.     This  third  liquid, 
if  again  acted  upon  by  two  additional  atoms  of  chlorine,  imdergoes 
a  further  similar  decomposition ;  a  still  heavier  liquid,  of  specific 
gravity  1*663,  boiling  at  307°-4  (153°  C),  is  produced,  CgHgCl^  +  Cl, 
becoming   CgHClg  +  HCl :  and  finally,  this  fourth  liquid,  when 
acted  upon  by  an  excess  of  chlorine,  loses  the  remaining  atom  of 
hydrogen,  and  becomes  Faraday's  solid  chloride  of  carbon ;  for 
C^KCl^-{-Cl^=CcP\  +  IiC[;    the  successive    products  having  the 
composition  and  density  indicated  in  the  following  table : — 

Chlorinated  Compounds  derived  from  Dutch  Liquid. 


Nftme  of  compound. 

Boiling  point. 

Spedflc  grvritj. 

Fomnilik 

1 ;  i- 

"O. 

"P. 

Liqaid. 

Vapour. 

Dutch  liquid             

Chlorinated  ditto     

Dichlorinated  ditto 

Trichlorinated  ditto 

Solid  chloride  of  carbon       

85 
180 

185 
239 

307 

35<5 

1-280 
1*422 

i-57<5 
1-663 

3*45 
4613 

5769 
708 

«i57 

CjH.Cl. 

CjHjCl, 

C,H,C1. 

CjHOl, 

C,Cle 

It  will  be  seen  that  as  the  quantity  of  chlorine  increases,  the 
boiling-point  rises,  and  the  density  both  of  the  liquid  and  of  the 
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I 
I 

vapour  increases :   in  every  case  i  atom  of  the  compound  yields 
2  volumes  of  vapour. 

(489)  Glycol  dibromide,  or  JEthylene  dihromide  (C,H^Br,=  188);  8p, 
Or,  of  Liquid,  2*163  ;  ^f  Vf^po^r,  6*485  ;  Funng-pi.  about  10°  (—  12**  C.) ; 
BoiUng-pL  265**  (i29'''j  C.) ;  ReL  wt  94. — Cahoorsbas  obtained  from  olefiant 
gas  a  series  of  oompoaDds  containing  bromine :  ethylene  dibromide,  or  the 
brominated  compound  corresponding  to  Dutch  liquid,  may  be  procured  by 
placing  bromine  in  a  flask  and  transmitting  into  it  a  current  of  olefiant  gas  as 
fast  as  it  is  absorbed ;  a  rapid  combination  occurs,  the  temperature  rising  sen- 
sibly. The  bromine  is  gradually  decolorized,  and  an  ethereal  liquid  of  aromatic 
odour,  and  a  pungent  but  sweet  taste,  is  obtained.  It  may  be  purified  by  agi- 
tating it  with  caustic  potash,  then  distilling  from  oil  of  vitriol  and  subsequently 
from  caustic  baryta. 

(490)  Ethjflene  diniodide,  or  Oljfcol  diniodide  [(C,H^I,  =  282) ;  Sp,  Or, 
Toy  ;  Futing-pt  i63°*4  (73**  ^Oj*  ^^  ^^  compound  of  olefiant  gas  with  iodine 
corresponding  to  Dutch  liquid,  is  a  solid  which  crystallizes  in  long,  colourless, 
silky  needles,  or  in  flexible  plates  :  it  has  a  sweetish  taste  and  an  ethereal  pene- 
trating odour,  which  causes  headache  ;  it  melts  at  1 62!^,  and  forms  a  crystalline 
mass  on  cooling.  It  may  be  sublimed  in  a  current  of  olefiant  gas,  but  cannot 
be  sublimed  in  air  or  in  vacuo  without  being  decomposed ;  it  slowly  undergoes 
spontaneous  decomposition,  becoming  brown  at  ordinary  temperatures,  especially 
under  the  influence  of  light.  This  compound  may  be  obtuned  by  placing  iodine 
in  a  flask  with  a  long  neck,  heating  it  by  means  of  a  water- bath  to  131°  or 
1 40°  (55°  or  60°  C),  and  transmitting  a  current  of  olefiant  gas.  The  iodine  melts 
and  absorbs  the  gas,  whilst  the  new  compound  as  it  is  formed  undergoes  partial 
sublimation.  It  is  also  said  to  be  obtained  by  decomposing  ethyl  iodide  by  trans- 
mission through  a  porcelain  tube  heated  to  redness.  It  may  be  purified  by  wash- 
ing with  a  weak  solution  of  potash  and  recrystallization  from  boiling  aleohoL 

(491)  Light  Carburetted  Hydrogen:    Subcarburetted  Hy- 
drogen; Methyl  Hydride;  Marsh  Gas  (CH^=i6);   Theoretic  Sp. 


Gr,  0*5528;    Observed,  o'5576;  MoL  Vol.  \;  Kel.  wt.  8. 

Preparation. — i. — This  gas  is  best  obtained  in  a  state  of 
purity  by  a  process  recommended  by  Persoz :  loj  parts  of  the 
baric  hydrate  and  lo]-  of  anhydrous  sodic  acetate  are  very  inti- 
mately mixed,  and  heated  over  a  charcoal  fire  in  a  Florence  flask, 
coated  with  a  luting  of  fire-clay  made  into  a  paste  with  a  solution 
of  borax.  The  flask  is  fitted  with  a  cork  and  bent  tube,  and  the 
gas  is  collected  over  water  in  the  usual  way.*  A  mixture  of  2 
parts  of  caustic  potash  and  3  of  quicklime  may  be  substituted  for 
the  baric  hydrate. 

2. — ^The  gas  is  also  easily  procured  (mingled  with  nitrogen 
and  carbonic  anhydride),  as  a  result  of  the  decomposition  of  vege- 
table matter  contained  in  the  mud  of  stagnant  pools ;  and  hence 
its  name  of  marsh  gas.     In  order  to  collect  the  gas  from  this 


*        Sodio  Bario  Bario  Sodio  Manh 

•oetAte.  hydrate.  oarbonate.  carbonate.  gaa. 


2NaC,H,0,  +  BaO,H,0  =   BaCO,  +  NagCO,  +   aC^^ 
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source  a  bottle  may  be  filled  with  water,  inverted  in  the  pod,  and 
having  fastened  a  funnel  in  the  neck  of  the  bottle,  the  mud  beneath 
is  stirred  with  a  stick ;  the  gas  then  rises  into  the  bottle  in  babUes. 

3. — light  carburetted  hydrogen  is  one  of  the  usual  prodncta 
of  the  destructive  distillation  of  organic  substances,  such  as  woodf 
peat,  and  bituminous  coal,  and  it  is  one  of  the  principal  con- 
stituents of  coal-gas;  it  also  occurs  abundantly  in  many  coal 
mines,  bursting  forth  unexpectedly  from,  the  seams  of  coal,  and 
blowing  out  from  the  fissure  for  many  months  together,  as  though 
escaping  from  under  high  pressure.  These  natural  dischaq;e8  of  the 
gas  the  miners  term  '  blowers/  According  to  the  experiments  of 
Graham,  the  gas  from  the  Newcastle  coal-field  is  tree  from  ad- 
mixture with  olefiant  gas,  hydrogen,  carbonic  oxide,  and  carbonic 
anhydride. 

Properties. — Marsh  gas  is  a  colourless,  inodorous^  and  taste- 
less gas,  scarcely  soluble  in  water,  but  soluble  in  alcohol  to  a 
small  extent :  not  injurious  to  life  if  diluted  with  air.  It  does 
not  support  combustion,  but  it  is  itself  inflammable,  and  bums 
with  a  yellow  luminous  flame.  By  passing  through  it  a  continued 
succession  of  electric  sparks,  or  by  sending  it  through  tubes 
heated  to  whiteness,  it  is  decomposed;  its  carbon  is  deposited, 
and  a  volume  of  hydrogen,  double  that  of  the  gas  employed,  is 
set  at  liberty.  Chlorine  has  no  effect  upon  it  in  the  dark,  but  if 
the  two  gases  be  mixed  and  exposed  in  a  moist  condition  to  dif- 
fused light,  hydrochloric  acid  and  carbonic  anhydride  are  formed; 
CH^+4Clj-h2HjO=C03-|-8HCl.  An  excess  of  chlorine  converts 
marsh  gas  into  hydrochloric  acid  and  carbonic  tetrachloride  (CCIJ, 
when  the  mixture  is  exposed  to  light. 

Marsh  gas  requires  twice  its  volume  of  oxygen  for  complete 
combustion.  The  3  volumes  of  the  mixed  gases  after  detonation, 
are  condensed  into  i  volume;  they  yield  i  volume  of  carbonic 
anhydride,  and  2  volumes  of  steam  which  are  immediately  con- 
densed. Now  carbonic  anhydride  contains  its  own  bulk  of  oxy- 
gen; it  therefore  represents  one  of  the  2  volumes  of  oxygen 
which  have  disappeared,  whilst  the  other  volume  of  oxygen  has 
united  with  2  volimies  of  hydrogen  and  formed  water.  Light 
carburetted  hydrogen  must  consequently  contain  twice  its  volume 
of  hydrogen,  condensed  with  its  own  volimie  of  carbon  vapour 
into  the  space  of  1  volume,  and  its  composition  may  be  thus  re- 
presented:   Bj  weight,  ByToL  8p.gr. 

Carbon C      =  la  or  75  aP  or  iP  =  0*4146 

Hydrogen  ...     H4    =    4        25  4  a     =  0*1383 

llsishgas         ...CH4    =  16      100         a  i  0*5528 
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When  marsh  gas  is  mixed  with  air,  an  explosive  mixture  ia 
formed,  termed  by  the  miners  fire-damp,  which  takes  fire  on  the 
approach  of  a  light,  and  often  occasions  accidents  attended  with 
loss  of  life  to  those  who  are  engaged  in  coal  mines.  The  fatal 
results  of  an  explosion  of  fire-damp  in  the  mine  are  not,  however, 
limited  to  the  mechanical  violence  which  it  occasions  to  the  suf- 
ferers. The  '  after-damp,'  as  the  miners  term  it,  or  vitiated 
atmosphere  that  the  explosion  produces,  is  often  &tal  to  those 
employed  in  other  parts  of  the  mine,  or  to  the  generous  but 
ignorant  and  rash  survivor  who  attempts  to  descend  into  the  pit 
before  it  has  been  properly  ventilated,  in  order  to  succour  his 
comrades,  or  to  ascertain  their  fate.  From  the  composition  of 
marsh  gas  it  is  obvious  that  this  gas  in  exploding  renders  ten 
times  its  bidk  of  atmospheric  air  unfit  for  respiration;  the  2 
volumes  of  oxygen  which  10  volumes  of  air  contain,  producing 
I  volume  of  carbonic  anhydride,  and  2  volumes  of  steam  which 
become  condensed,  leaving  8  volumes  of  nitrogen  at  liberty. 

It  was  with  a  view  of  discovering  some  means  of  preventing 
these  &tal  results  that  Davy  instituted  those  important  researches 
on  flame  which  led  him  to  the  invention  of  the  safety-lamp,  an 
iiurtrameixt  ^.hich  ha.  prevented  many  serious  accidents,  and  has 
enabled  many  coal-fields  to  be  worked  which  otherwise  must  have 
been  abandoned,  on  account  of  the  abundant  escape  of  carbu- 
retted  hydrogen  firom  the  workings. 

(492)  Principle  of  the  Safety  Lamp. — ^The  temperature  re- 
quired for  the  combustion  of  difierent  bodies  varies  greatly :  some 
take  fire  at  a  very  low  temperature, — ^phosphorus,  for  instance, 
at  the  heat  of  the  body;  carbonic  disulphide  at  about  419^ 
(215^0.);  sulphur  at  about  482^  (^5^^  C,) ;  others,  as  defiant 
gas  and  hydrosulphuric  acid,  need  a  red  heat.  A  high  tempera- 
ture is,  however,  essential  to  the  existence  of  flames,  and  particu- 
larly of  flames  produced  by  the  combustion  of  the  hydrocarbons. 
Marsh  gas,  although  inflammable,  requires  a  much  higher  tem- 
perature to  ignite  it  than  most  other  inflammable  bodies ;  it  will 
not  explode  when  mixed  either  with  less  than  3  times  its  bulk  of 
atmospheric  air,  or  with  more  than  18  times  its  volume;  the  gas 
in  the  latter  case  bums  only  in  immediate  contact  with  the  flame 
of  the  lamp,  for  the  lai^  volume  of  air  with  which  it  is  mixed 
prevents  the  temperature  from  rising  to  the  point  necessary  for 
the  general  conflagration  of  the  gas :  the  most  powerful  explosion 
is  occasioned  when  the  gas  is  mixed  with  7  or  8  times  its  bulk 
of  air. 

Combustion  may  often  be  carried  on  below  the  i^iDit  oi  m- 


268  PRINCIPLE  OF  THE   8AFETT-LAMP. 

flammation.  The  smouldering  wick  of  a  taper  recently  blown,  out 
affords  a  case  in  point.  Again,  if  a  glowing  coil  of  platinum 
wire,  or  a  hot  slip  of  platinum  foil,  be  suspended  in  a  current  of 
coal-gas  mixed  with  atmospheric  air,  the  metal  will  be  maintained 
at  a  red  heat  by  the  rapid  combination  of  the  oxygen  with  the 
gas,  which,  however,  does  not  take  fire  until  the  platiniun  beoomea 
heated  nearly  to  whiteness. 

Davy  foimd  that  no  explosion  could  be  produced  in  a  mixture 
of  air  and  marsh  gas,  through  a  narrow  tube,  owing  to  the 
cooling  influence  which  the  tube  exerted  upon  the  gas ;  and  the 
narrower  the  tube,  the  shorter  was  the  length  required  to  produce 
this  protective  effect.  Hemming^s  safety  tube  for  the  oxyhydrogen 
blowpipe  (347)  depends  for  its  efiScacy  upon  the  cooling  influence 
which  the  metallic  tubes  or  channels,  formed  by  the  interstices 
between  the  wires,  exert  upon  the  burning  jet  of  gas ;  the  heat 
of  the  flame  is  in  this  way  prevented  from  passing  backwards  and 
causing  the  explosion  of  the  mixed  gases  in  the  reservoir. 

If  a  stout  copper  wire  be  introduced  into  any  flame,  a  dark 
space  will  be  observed  immediately  around  the  wire,  owing  to  the 
cooling  effect  of  the  metal ;  a  second  wire  cools  the  flame  still 
further;  and  a  small  flame  may  be  completely  extinguished  by 
the  reduction  of  temperature  produced  by  bringing  down  a  coil 
of  wire  upon  it;  but  if  the  same  coil  be  previously  heated  to 
redness,  and,  whilst  still  hot,  be  placed  over  the  flame,  the  latter 
wiU  continue  to  bum. 

By  using  wire  gauze  we  may  easily  cut  off  the  upper  part  of 
a  flame,  the  unburned  gases  being  cooled  by  its  means  below  the 
point  of  inflammation :  if  a  piece  of  gauze  with  large  meshes  be 
employed  it  will  cut  off  the  flame  so  long  as  it  remains  cold,  but 
the  flame  will  traverse  the  network  as  soon  as  the  wire  becomes 
red  hot :  with  finer  meshes  (about  64  to  the  square  centimetre,  or 
400  to  the  square  inch)  the  conducting  power  of  the  metal  is 
sufficient  to  cool  the  flame  below  the  point  of  ignition,  even 
though  the  wire  itself  be  red  hot.  In  a  similar  manner  the  gas 
above  the  gauze  may  be  kindled,  and  the  flame  will  not  pass 
through  to  the  gas  below.  Advantage  is  taken  of  this  circum- 
stance in  the  laboratory  to  obtain  a  smokeless  flame  by  the  use 
of  ordinary  coal-gas : — ^A  metallic  chimney,  five  or  six  inches 
(12  or  15  centim.)  long,  open  below,  and  furnished  at  top  with 
a  cap  of  wire  gauze,  is  placed  over  any  convenient  form  of 
burner ;  the  air  enters  at  the  bottom  and  mixes  with  the  gas : 
this  mixture  bums  above  the  wire  gauze  with  a  blue  flame,  which 
emits  scarcely  any  light,  and  deposits  no  smoke  upon  cold  objects. 


Davy's  safety-lamp.  269 

provided  that  the  supply  of  gas  be  duly  proportioned  to  that  of 
the  air  which  mixes  with  it.*^ 

These  principles  were  beautifully  applied  by  Davy  in  the 
construction  of  his  miner's  lamp^  which  is  merely  an  oil  lamp 
(fig.  324)  inclosed  within  a  cylinder  of  p^^       , 

fine  wire  gauze^  provided  with  a  double 
top,  and  with  a  crooked  wire,  w,  which 
passes  up  tightly  through  a  tube  tra- 
versing the  body  of  the  lamp,  for  the 
purpose  of  trimming  the  wick  without 
the  necessity  for  removing  the  wire 
covering.  When  such  a  lamp  is  intro- 
duced  into  an  explosive  atmosphere  of 
fire-damp,  the  flame  is  seen  to  enlarge 
gradually  as  the  proportion  of  carbu- 
retted  hydrogen  increases,  until  at 
length  it  fills  the  entire  gauze  cylinder ; 
when  the  gas  is  in  sufficient  excess  the  lamp  is  entirely  extin- 
guished ;  if  it  be  withdrawn  from  the  explosive  mixture  while  the 
cylinder  appears  to  be  fiill  of  flame,  the  wick  is  generally  rekindled^ 
and  the  lamp  continues  to  bum  in  air  as  usual.  Whenever  this 
pale,  enlarged  flame  is  seen,  the  miner  must  withdraw ;  for  though 
no  explosion  can  occur  while  the  gauze  is  sound,  yet  at  that  high 
temperature  the  metal  becomes  rapidly  oxidized,  and  might  easily 
break  into  holes ;  a  single  aperture  of  sufficient  size  would  then 
determine  the  fatal  explosion. 

The  wire  gauze  used  in  the  construction  of  these  lamps  con- 
tains about  121  meshes  per  square  centimetre,  or  from  700  to 
800  meshes  in  the  square  inch.  In  a  strong  current  of  air  the 
heated  gas  may  be  blown  through  the  apertures  of  the  gauze 
before  its  temperature  is  sufficiently  reduced  to  prevent  the  ex- 
plosion, but  such  an  occurrence  may  be  easily  guarded  against 
by  the  use  of  a  screen. 

(493)  ^(^ture  of  Flame, — It  is  necessary  to  the  production  of 
flame,  that  the  combustible  be  of  such  a  nature  as  to  be  conver- 
tible into  vapour  before  it  undergoes  combustion,  otherwise  no 
flame  is  produced.     Well-burned  charcoal  or  diamond  burns  with 


*  Bunsen's  burner  acts  upon  a  similar  prinuiple.  It  coiidi«tM  of  a  small  jet 
for  the  issue  of  the  gas :  this  jet  is  fitted  tightly  into  the  bottom  of  a  bratis  tube, 
which  for  the  poor  gas  burned  in  London  may  be  4  or  j  inches  (10  or  12""^*) 
long,  and  {ths  of  an  inch  (16™™')  in  diameter.  The  air  enters  by  holes  in  the 
sides  of  the  tube  near  the  bottom,  and  the  mixtare  of  gas  and  air  is  kindled  at 
the  top  of  the  tube. 
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a  steady  glow^  unattended  with  flame,  as  also  does  iron  wire. 
None  of  these  substances  are  susceptible  of  volatiliEation  at  the 
temperature  attending  their  combustion.  Sulphur,  phosphonu, 
and  zinc  pass  into  the  aeriform  condition  before  they  attain  a 
temperature  as  high  as  that  generated  by  their  combination  witli 
oxygen,  and  they,  as  well  as  the  various  combustible  gases,  bum 
with  flame. 

Flame  is,  in  fact,  produced  whenever  a  continuous  supply  of 
combustible  vapour  or  gas  is  made  to  combine  at  a  sufficientlj 
elevated  temperature  with  atmospheric  oxygen,  or  with    some 
gaseous  supporter  of  combustion.     In  all  ordinary  cases,  there- 
fore, flame  is  a  luminous  envelope  which  forms  a  limiting  soifiMX 
between  the  unbumed  combustible  within  and  the  supporter  of 
combustion  without.     This  hollow  structure  of  flame  may  be 
easily  shown  by  experiment.     If  a  wooden  match  be  held  for  a 
few  seconds  across  the  middle  of  the  flame  of  a  spirit-lamp  with 
a  large  wick,  the  match  will  become  charred  at  the  edges  of  the 
flame,  but  the  intermediate  portion  will  remain  uninjured.     If  a 
fragment  of  phosphorus  be  placed  in  a  small  deflagrating  spoon, 
ignited,   and  then  introduced  into  the  middle  of  the  flame,  it  will 
be   extinguished;  but  it  will  bum  with  its  former  energy  the 
moment  that  the  spoon  is  withdrawn  from  the  flame.  Hie  tapering 
form  which  flames  assume,  is  due  to  the  ascending  current  pro- 
duced in  the  atmosphere  by  the  heat  attendant  on  the  combustion. 
Within  the  burning  portion  of  the  flame  is  an  atmosphere  of  im- 
burned  combustible  matter ;  by  inserting  into  a  flame  such  as 
that  of  a  wax  candle,  just  above  the  wick,  the  lower  extremity 
of  a  glass  tube,  open  at   both  ends,  about   j-  of  an  inch  or 
8   millimetres   in    diameter,  and  Ave  or  six  inches   (12  or  15 
centimetres)  long,  the  gases  in  the  interior  may  be  drawn  off, 
and  may  be  ignited  at  the  upper  aperture  of  the  tube. 

It  is  important  to  remark  that  the  light  and  the  heat  emitted 
by  flames  are  by  no  means  proportioned  to  each  other.  The 
heat  is  due  solely  to  the  enei^  of  the  chemical  action ;  and 
when  a  pure  gaseous  matter,  without  solid  particles,  composes  both 
the  burning  body  and  the  product  of  the  combustion,  little  or  no 
light  is  emitted : — ^for  this  reason  the  flame  of  a  jet  of  hydrogen 
is  barely  visible  in  clear  daylight ;  and  that  of  the  oxyhydrogen 
jet  itself,  although  one  of  the  most  intense  sources  of  heat  at  our 
command,  is  scarcely  more  luminous  than  the  flame  of  hydrogen. 
For  the  same  reason  the  light  of  sulphur  burning  in  oxygen  is 
feeble,  notwithstanding  the  intense  energy  with  which  they  com- 
bine: both  the  vapour  of  sulphur  and  sulphurous  anhydride  are 


VARIATION   IN    THE    LIGHT   0¥  DIFFBRBNT  FLAMB8.  271 

gaseous  bodies.  Phosphorus  and  chlorine^  though  they  unite  so 
energetically  as  to  take  fire  at  ordinary  temperatures  by  mere 
contact^  yet  emit  but  little  light  during  their  combustion :  the 
chlorides  of  phosphorus,  as  well  as  phosphorus  itself,  being  very 
volatile  bodies. 

It  is  generally  stated  that  in  all  luminous  flames  the  light  is 
emitted  from  solid  particles  highly  ignited.  The  light  fix>m 
bodies  feebly  ignited  is  red ;  as  the  temperature  rises  the  light 
becomes  yellow,  then  white,  and  when  the  heat  is  very  intense,  the 
more  refrangible  rays  of  the  spectrum  predominate,  so  that  it  has 
a  shade  of  blue  or  violet  (89).  A  flame  which  in  ordinary  circum- 
stances gives  but  little  light  may  at  a  higher  temperature  become 
luminous,  as  is  seen  when  a  mixture  of  chlorine  and  hydrogen,  or 
o{  oxygen  and  hydrogen  is  fired  under  pressure,  as  in  the  Caven- 
dish eudiometer ;  although  it  is  but  feebly  luminous  when  a  jet  of 
the  mixed  gas  is  burned,  at  a  lower  temperature,  as  in  air. 

By  introducing  a  solid  object  into  a  feebly  luminous  flame,  a 
platinum  wire,  for  example,  into  the  oxyhydrogen  jet,  or,  better 
still,  a  body  which,  like  lime,  does  not  melt  at  that  temperature, 
the  light  becomes  so  intense  that  the  eye  can  scarcely  support  it. 
Such  bodies,  however,  since  they  do  not  contribute  to  the  chemical 
changes  occurring  in  the  flame,  necessarily  reduce  its  heat,  owing 
to  their  conducting  power.  It  is  immaterial  whether  the  bodies 
so  introduced  be  combustible,  or  have  already  undergone  perfect 
combustion : — the  flame  of  hydrogen  may  be  rendered  luminous 
either  by  blowing  a  little  powdered  charcoal  through  it,  or  by 
allowing  finely  powdered  magnesia,  zincic  oxide,  or  the  white 
fumes  of  phosphoric  anhydride  produced  by  the  combustion  of 
phosphorus,  to  traverse  it  Indeed  no  better  illustration  of  this 
point  can  be  given  than  is  afibrded  by  contrasting  the  painfuUy 
intense  light  produced  by  the  combustion  of  phosphorus  in 
oxygen,  where  the  solid  scarcely  volatile  phosphoric  anhydride  is 
produced,  with  the  feeble  light  emitted  by  the  same  body  as  it 
bums  in  chlorine.  Still,  as  Frankland  remarks,  there  are  cases 
where  light  of  considerable  intensity  is  emitted  where  no  solid 
particles  are  formed  during  combustion.  Arsenicum,  when 
burned  in  a  current  of  oxygen,  emits  a  sensible  amount  of  light, 
although  the  arsenious  anhydride  produced  is  vaporized  below  a 
red  heat,  and  sulphide  of  arsenic  (realgar),  when  mixed  with  a 
suitable  proportion  of  nitre,  furnishes  so  intense  a  white  light  that 
it  is  used  as  a  signal  light  under  the  name  of  Indian  fire.  In 
the  last  case,  however,  solid  particles  are  produced  by  the  com- 
bustion, which  furnishes  potassic  sulphate  among  tho  producU* 
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In  like  manner  Frankland  urges  that  carbonic  diflulphide^ 
when  burned  in  air^  furnishes  a  pale  lambent  blue  flame  without 
any  sensible  lights  but  if  mixed  with  oxygen  it  forms  on  ex- 
plosion an  intense  white  lights  and  if  nitric  oxide  be  substituted 
for  oxygen^  a  similar  intense  flash  of  light  accompanies  the  rapid 
combustion  and  high  temperature  which  ensue;  but  it  is  not 
impossible  that  in  this  case  also  a  separation  of  solid  particles  of 
carbon  may  occur  at  the  moment  of  ignition. 

The  flames  used  for  illuminating  purposes  are  all  produced  by 
the  combustion  of  compoimds  of  carbon  and  hydrogen.  All  of 
them^  notwithstanding  the  perfect  transparency  of  the  gas  before 
combustion,  contain  solid  particles  of  carbon  during  the  act  of 
combustion.  The  separation  of  carbon  during  the  process  of 
combustion  may  be  proved  by  the  simple  expedient  of  introducing 
a  cold  body,  such  as  a  plate  of  metal,  or  a  piece  of  glass,  into  a 
luminous  flame ;  it  becomes  speedily  blackened  from  the  deposi- 
tion of  carbon. 

The  flame  of  a  candle  is  sustained  by  the  decomposition  of 

the  melted  wax  or  tallow  absorbed  by  the  wick,  and  its  conversion 

into  gaseous  hydrocarbons  by  the  heat  of  the  com- 

FiG.  325.    ijiigtion.     At  the  lower  part  of  the  flame,  a,  fig.  325, 

these    hydrocarbons    are    immediately  mingled  with 

atmospheric  air,  no  separation  of  carbon  occurs  here, 

and  they  bum  with  a  pale  blue  light.     The  greater 

portion  of  the  combustible  gases  and  vapours,  how- 

ever,  is  still  imbumed ;  these  vapours  rise  above  the 

wick,  forming  the  central  dark  part  c,  of  the  flame : 

here  they  are  subjected  to  a  high  temperature  firom 

the  combustion  of  the  blue  portion  already  mentioned ; 

the  heat  now  causes  the  separation  of  the  carbon  in 

the  solid  form,  which  becomes  intensely  ignited  in 

the  burning  gas,  emitting  light  in  the  part  marked  b ; 

and  this  carbon  itself,  in   a  properly  adjusted  flame, 

gradually  bums  away  without  residue  or  smoke,  as  it  comes  to 

the  surface,  d,  and  meets  with  oxygen. 

In  order  to  produce  the  maximum  amount  of  light,  the  point 
which  requires  the  greatest  attention  is  the  due  adjustment  of  the 
supply  of  air ;  if  too  much  be  given,  the  gas  bums  with  a  blue, 
feebly  luminous  flame ;  an  effect  which  may  be  seen  by  blowing 
upon  a  common  gas  flame,  or  by  watching  the  effects  of  the 
wind  upon  the  exposed  gaslights  at  night :  the  lengthening  of 
the  chimney  of  a  lamp  produces  a  similar  effect.  In  these  cases 
the  gas  becomes  immediately  mixed  with  the  oxygen  of  the  air. 
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and  it  is  completely  burned  before  it  has  been  exposed  to  an 
elevated  temperature  for  a  time  sufficiently  long  to  allow  of  the 
separation  of  carbon.  Moreover^  it  is  cooled  by  contact  with 
portions  of  the  air  which  do  not  participate  in  the  chemical 
action.  The  supply  of  air,  however^  must  not  be  too  much 
limited;  otherwise^  as  may  be  seen  by  closing  the  central  tube 
which  admits  air  to  an  argand  burner,  the  light  becomes  red 
from  the  reduction  of  temperature,  the  carbon  passes  off  unbumed, 
and  the  oxygen  being  insufficient  to  complete  the  combustion, 
the  flame  becomes  smoky.  The  light  of  a  flame  is  increased  by 
any  contrivance  which,  without  deranging  the  order  of  the  com- 
bustion, concentrates  it  into  a  smaller  space,  so  as  to  raise  the 
temperature  of  the  deposited  carbon  to  the  maximum ;  whilst  the 
velocity  of  the  current  of  air  is  moderate,  so  as  to  prolong  as  much 
as  possible  the  time  during  which  the  particles  are  maintained  in 
the  ignited  state.  It  is  in  this  way  that  an  argand  burner  produces 
a  &r  greater  amount  of  light  with  a  given  consumption  of  gas,  than 
if  the  same  quantity  of  gas  were  burned  in  separate  jets. 

Frankland  {Phil.  Trans.  1861,  631)   found  that  the  rate  at 
which  candles  and  other  similar  combustibles  bum,  is  not  altered 
by  variations  in  the  atmospheric  pressure.     Candles  burned  at 
the  top  of  Mont  Blanc  at  the  same  rate  as  in   the  valley   of 
Chamonix ;  but  the  luminosity  of  the  flame  is  greatly  affected  by 
the  pressure,  for  the  amount  of  light  emitted  by  the  same  candle 
on  the  summit  of  Mont  Blanc  was  far  less  than   that  which  it 
produced  in  the  valley;  and  by  careful  experiments  conducted 
under  regulated  pressures,  it  was  found  that  as  the  pressures  de- 
creased from  30  to  14  inches  (760™"*  to  353"*"**)  of  mercury,  the 
illuminating  power  gradually  diminished.     In  a  series   of  expe- 
riments   upon  the    light     of    burning    gas,    Frankland    found 
that  taking  the  light  emitted  by  the  combustion  of   a  given 
volume  of  gas,  in  a  certain  burner,  under  the  ordinary  pressure 
of  30  inches  (or  760™™')  of  mercury,  at  100,  the  same  volume  of 
gas  for  each  diminution  of  i  inch  in  the  pressure  gave  5*1  less 
light ;  the  diminution  of  light  being  directly  as  the  diminution  of 
pressure :  so  that  at  14  inches  (355"*°*)  the  light  emitted  instead  of 
amounting  to  100  was  reduced  to  18*4;  and  this  rate  of  diminu- 
tion was  found  to    hold  good  with    the  light  of   hydrocarbon 
flames  generally. 

On  the  other  hand,  the  luminosity  of  all  flames  may  be  pro- 
portionately increased  by  augmenting  the  atmospheric  pressure. 
So  rapidly  does  this  effect  increase,  that  an  ordinary  spirit-lam^ 
which   bums   in    the   open    air  with  scarcely   any  meaB\xx«XA.e 
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amount  of  lights  and  without  smoke,  becomes  powerfnllj  Imninoos 
in  air  at  a  pressure  of  4  atmospheres,  and  when  suppled  with  air 
compressed  still  more,  eren  bums  with  a  smoky  flame.  Hie 
result  of  these  and  other  carefully  devised  experiments  led  to  tlie 
unexpected  conclusion  that  the  combustion  of  gaseous  matter  is 
rendered  less  perfect  in  proportion  as  the  density  of  the  mtmo- 
sphere  is  increased ;  and  on  the  other  hand,  within  certain  limits^ 
the  more  rarefied  the  atmosphere  in  which  flame  bums,  the  mm 
complete  ii  its  combustion.  No  reduction  in  the  tempentme 
of  the  flame  is  produced  by  a  reduction  of  the  pressure  of  the 
surrounding  air  within  certain  limits,  the  obserration  Iioldiiig 
good  as  low  as  14  inches  (355"*^)  of  mercury.  The  decreue  in 
illuminating  power  in  a  rarefied  atmosphere  is  attributed  by 
Frankland,  and  with  strong  probability,  to  the  great  readinesi 
with  which  the  oxygen  of  the  atmosphere  finds  access  to  the 
interior  of  the  flame,  owing  to  the  greater  mobility  of  the  particks 
of  the  air  under  diminished  pressure. 

(494)  Theory  of  the  Blowpipe. — ^The  temperature  of  a  flame 
may  be  very  materially  increased  by  augmenting  the  activity  of 
the  combustion,  and  concentrating  its  efiect  by  diminishing  the 
extent  of  surface  over  which  it  would  otherwise  take  place.  It  is 
upon  this  principle  that  all  blowpipes  act :  a  jet  of  air  or  of 
oxygen  is  thrown  into  the  interior  of  a  flame ;  the  combustion  ii 
thus  rendered  more  rapid,  it  is  limited  to  a  much  smaller  qpaoe, 
and  is  entirely  changed  in  character. 

The  mouth-blowpipe  is  one  of  the  most  valuable  and  portable 

instruments  of  research  which  the  chemist  possesses  :  he  is  enabled 

by  its  means,  in  a  few  minutes,  to  arrive  with  certainty  and 

economy  at  results  which  without  its  aid  would  require  much 

expenditure  both  of  fuel  and  of  time ;    and  it  often 

Fio.  326.    afibrds  information  which  could  be  obtained  in  no 

other  way. 

The  mouth-blowpipe  consists  essentially  of  a 
bent  tube,  terminating  in  a  fine  uniform  jet,  with  a 
chamber  for  the  condensation  of  moisture  firom  the 
breath.  A  very  convenient  form  of  the  instrument  ii 
shown  at  fig.  326.  It  consists  of  a  conical  tube  of  tin 
plate,  about  8  inches  (20  cm.)  long,  open  at  the  narrow 
end,  a,  which  is  rounded  off  so  as  to  adapt  itself  to 
the  lips,  and  closed  ^t  its  lower  end,  from  the  side 
of  which  projects  a  brass  tube,  b,  about  an  inch 
(25°")  in  length,  upon  which  is  fitted  a  small  brass 
jet.     This  jet  is  inserted  to  a  short  depth  into  the  flame  of  a  candle, 
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about  an  eighth  of  an  inch^  or  3°^^  above  the  wick  as  at  b  :  when 
a  current  of  air  from  the  blowpipe  is  directed  horizontally  along  the 
surface  of  the  widc^  the  jPia.  327. 

flame  loses  its  lumi- 
nosity^ and  is  projected 
laterally  in  the  form  of 
a  beautiful  pointed  cone, 
in  which  three  parts  are 
distinctly  discernible  (see  fig.  327).  In  the  centre  is  a  well- 
defined  blue  cone ;  outside  that  is  the  brilliant  part,  of  the 
flame^  terminating  at  a,  and  exterior  to  that  is  a  pale  yellow 
flame^  c.  The  different  parts  of  this  flame  possess  yery  different 
properties.  The  blue  cone  is  formed  by  the  admixture  of  air  with 
the  combustible  gases  rising  from  the  wick,  and  it  corresponds  to 
the  blue  portion,  a,  of  an  ordinary  flame,  fig.  325.  In  this  part 
of  the  flame  combustion  is  complete,  and  the  oxygen  introduced 
by  the  jet  is  in  excess :  the  points  where  the  excess  of  oxygen  is 
absorbed  by  combination  with  fresh  portions  of  the  combustible 
vapours  which  are  constantly  rising  from  other  parts  of  the  wick^ 
are  clearly  defined  by  the  surface  which  seems  to  limit  the  blue 
cone.  In  front  of  this  blue  cone  is  the  luminous  portion,  con- 
taining unbumt  combustible  gases  at  a  high  temperature,  which 
of  course  have  a  powerful  tendency  to  combine  with  oxygen. 

If  a  fragment  of  some  metallic  oxide,  such  as  cupric  oxide, 
sufficiently  small  to  be  completely  enveloped  by  the  luminous  por- 
tion, be  introduced  into  this  part  of  the  flame,  the  oxide  will  be 
deprived  of  oxygen,  in  consequence  of  the  superior  attraction  of 
the  hot  gases  for  this  element,  and  the  oxide  will  be  reduced  to 
the  metallic  state  :  hence  this  portion  is  termed  the  reducing  fiame 
of  the  blowpipe.  At  the  apex,  c,  of  the  flame,  the  effects  are 
reversed.  Here,  atmospheric  oxygen  at  a  high  temperature  is 
mechanically  carried  forward  along  with  the  completely  formed 
products  of  combustion,  and  a  fragment  of  any  readily  oxidizable 
metal,  such  as  lead,  copper,  or  tin,  if  placed  at  this  point  will 
quickly  become  coated  with  oxide ;  and  hence  this  spot  is  termed 
the  oxidating  fiame  of  the  blowpipe.  A  good  illustration  of  the 
opposite  actions  of  these  contiguous  portions  of  the  flame  is 
afforded  by  the  effects  which  they  respectively  produce  on  a  piece 
of  flint-glass  tubing.  The  plumbic  silicate  contained  in  the  glass 
is  partially  decomposed  in  the  reducing  flame,  and  the  glass  at 
this  point  becomes  black  and  opaque  from  the  reduction  of  the 
compoimd  of  lead  to  the  metallic  state;  but  by  placing  the 
blackened  part  for  a  few  seconds  in  the  oxidating  ftame,  oxy^ix 

T  % 
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is  again  absorbed  by  the  metal,  and  the  transparency  of  the  gltM 
is  restored. 

(495)  Ute  qf  the  Mbuik'Blawpipe, — ^The  art  of  maintaining  a  oon^ml 
blast  by  the  month -blowpipe  la  not  easily  described,  bat  it  can  be  aoqnired  If 
practice  without  much  difficulty.  When  a  substance  is  to  be  fflraminad  bj  Hm 
blowpipe,  it  may  be  first  heated  alone  in  a  small  glass  tube,  in  order  to  obtare 
whether  it  melts  or  decrepitates,  or  is  Yolatilized  wholly  or  partially.  It  may 
next  be  heated  in  a  narrow  tube  open  at  both  ends,  to  ascertain  whether  it  bami. 
or  changes  colour,  or  emits  any  odour.  It  should  then  be  ascertained  whether 
it  is  reduced  to  the  metallic  state,  and  if  it  be  reduoed,  what  is 
the  colour  of  the  metal ;  whether  it  fuses  easily,  or  whether  it » 
brittle,  crystalline,  or  malleable.  These  observations  upon  pdne- 
tion  may  be  best  made  when  the  globule  is  exposed  to  the  flame 
upon  a  disk  of  charcoal,  which  may  be  conveniently  supportad.  aa 
proposed  by  Mr.  Griffin,  in  the  manner  shown  at  i,  fig.  328, 
which  represents  an  edge  view  of  a  slip  of  tin  plate,  about  8 
inches  (20**°^')  long,  and  half  an  inch  (12™°^)  wide,  bent  at  one 
end  so  as  to  hold  the  charcoal  disk.  No.  2  shows  it  in  front 
The  charcoal  should  be  sawn  into  slices  about  the  third  of  n 
inch,  or  8""°',  in  thickness,  so  as  to  present  a  surface  aeroaa  the 
grain.  A  small  cavity  should  be  formed  upon  the  upper  aorftm 
of  each  disk  for  the  reception  of  the  fragment  of  material  nndsr 
examination,  which  should  be  about  the  size  of  a  pin's  head,  or  a  gnm  of 
mustard-seed. 

Sometimes  when  the  substance  is  not  easily  reducible,  a  platinum  wire  bent 

into  a  hook  at  one  extremity  forms  a 
iriG.  329.  more  convenient  support,  aa  ahownit 

fig.  329.  It  may  by  this  means  be 
ascertained  whether  the  aobiitance 
imparts  any  colour  to  the  flame; 
whether  the  body,  if  it  be  funbk, 
yields  a  transparent,  an  opaque,  or  a 
coloured  bead;  whether  any  ohango 
be  produced  in  the  substance,  according  as  it  is  heated  in  the  reducing  or  in  the 

oxidating  flame. 

The  employment  of  certain  fluxes  often  aids  the  judgment  of  the  operator  by 
the  colour  or  appearance  thus  produced.  The  most  important  of  theae  fluxes 
are  borax  (592),  microcosmic  salt  (62!),  and  sodic  carbonate,  or  soda,  aa  it  is 
usually  simply  termed  in  speaking  of  blowpipe  reactions.  When  either  borax  or 
microcosmic  salt  is  used,  a  platinum  wire  forms  the  best  support ;  but  when  sodic 
carbonate  is  employed,  especially  for  the  purpose  of  reducing  the  metak,  a  sup- 
port of  charcoal  is  required. 

Difierent  forms  of  the  blowpipe  have  been  proposed,  according  to  the  pur- 
poses for  which  the  instrument  is  destined.  The  glass-worker  usually  requires 
a  large  supply  of  air  to  be  maintained  uninterruptedly  for  long  periods,  and  he 
commonly  employs  a  pair  of  double  bellows,  worked  by  the  foot 

A  portable  blowpipe  for  glass-working  may  be  made  as  follows : — A  rectan- 
gular box  of  zinc,  fig.  330,  about  14  inches  (36*""*-)  high,  and  6  inches  (or  J  5*") 
wide,  is  divided  into  two  chambers,  c  and  d,  by  a  diaphragm  which  passes  obliquely 
nearly  to  the  bottom  of  the  box ;  these  chambers  communicate  with  each  other 
below ;  one  of  them,  d,  is  open  above,  and  is  covered  with  a  loose  lid ;  the  other 
chamber,  c,  is  closed  at  the  top :  a  blowpipe  jet,  e,  passes  just  through  the  cover- 
ing of  thiB  chamber,  which  is  further  supplied  with  a  longer  pipe,  a  b,  passing 
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Operator  Bhonld  aaddenlj  oeue  to 

blow  throngh   a.     If  the  box  be 

now  partiallj  filled  with  water,  the 

preunre  of  the  columa  of  liquid 

will  expel  the  ui  through  the  jet, 

e,  in  anj  deured  direction.     By  j 

blowiag  down  the  long  pipe,  the 

operator  can  renew  the  enpply  of 

air  aa  often  aa  ma  j  be  itecesMuy ; 

it    bubble*    up    into    the    closed 

chamber,  e,  driving  the  water  back 

into  the  open  one,  when  the  column 

of  liquid,  bj  ita  preaaure,  renews 

the    blait   aa  before.      The    gm- 

homer,/,  can  be  laiand  or  lowered 

■a  maj  be  neoeeaaiy,  and  by  means 

of  a  ali^ng  jointly,  ou  be  made 

to  approadk  towards  or  recede  &om 

the  jet,  0,  as  msj  be  required.  An 

oil-lamp  roajr  be  n«ed  when  gas  ia 

not  at  hand;  it  has,  indeed,  the 

advantage  of  giving  a  more  intense  heat  than  gaa,  and  it  i«  leu  likely  to 

redoce  the  oxide  of  lead  contained  in  flint  glass. 

When  a  very  interne  heat  is  reqaired,  a  spirit-lamp,  or  gaa-flame,  through 
which  a  current  of  □lyjjen  from  a  gas-holder  ia  directed,  may  be  employed  ;  and 
occBsionaUy,  in  cases  where  a  atdll  stronger  heat  is  requisite,  recourse  may  he  had 
to  the  oiyhydrogen  blowpipe,  in  which,  owiog  to  the  complete  intermbture  of 
the  two  gaaee,  the  flame  is  solid,  and  therefore  of  small  dimension*. 

(496)  0iL-0i9,  Tettyl&ne  or  Bufylene  (C,H,  =  -fi) ;  jfai.wf.  38  ;  8p.  Or. 
q/"Oa*,  I ■854;  </Zig««  at  53='6(ja° 0,0-617  ;Jtfii(.  Fpf.rn.— This  com- 
pound was  discovered  by  Faraday  to  be  one  of  the  coniititnents  of  the  gase*  ob- 
tained by  the  destructive  distillation  of  oil.  It  is  almost  insoluble  in  water,  but 
ia  taken  up  fieely  by  aloohol,  and  atill  more  abundantly  by  oil  of  vitriol.  Oil- 
gas  is  condensed  at  0°  ( -  4°  C.)  t«  a  colourless  liquid  ;  the  gas  itdelf  ia  colour- 
less, and  buroa  with  a  white,  powerfully  luminoua  flame.  It  contains  the  same 
proportiouB  of  carbon  and  hydrogen  a*  olefiant  gas,  but  the  two  clement*  are 
conden«ed  in  oil-gns  into  halt'  the  bulk  which  they  occupy  in  oleGant  gas.  One 
Tolnme  of  this  ga*  requirea  6  times  Ite  bulk  of  oijgen  for  its  complete  combna- 
tion,  4  volume*  of  steam  and  4  volumes  of  carbonic  anhydride  being  the  produoU. 
Consequently  ita  composition  may  be  thua  represented  ; — 


Carbon  C^   : 

Hydrogen      H,  : 


r  85-71 
1419 


BjToL 


Oil  gaa         C4H,  =  56      loo'OO  3  I  l'!>34 

§  III.  CoupouNDS  OF  Carbon  with  Oitoek. 

(497)  Besides  carbonic  oxide  and  carbonic  anhydride,  carbon 

forms  sereral  other  oxides,  which  are  iiot  known  in  the  separate 

form,  but  which,  when  united  with  the  elements  of  water,  possess 

acid  characters :  yiz.. 
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OxaKcadd      ....  HJCfi^2}lfl  =       90+36 

Rhodizonic  acid    •     .     •  UjCiHO^  =  i5o 

Croconic  acid  ....  H5,C505,3Hj,0  =  142  +  54 

Mellitic  acid    ....  HjC^O^  =  114 

(498)  Oxalic  Acid  ;  Dihydric  oxalate  {Rfijd^iSLJQ^ 
90+36) ;  8p.  Gr.  1-64. — ^This  important  and  povorfiil  add  may 
be  usefully  introduced  here^  though  it  belongs  to  the  diyision  of 
organic  chemistry^  as  it  is  always  obtained  from  sugar^  starch,  or 
some  other  substance  of  oi^nic  origin,  and  is  one  of  the  products 
of  the  oxidation  of  these  substances  under  the  influence  of  hot 
nitric  acid  or  of  potassic  hydrate ;  it  is  moreover  a  frequent  con- 
stituent of  the  juices  of  plants.  Oxalic  acid  is  abundant  in  the 
leaves  of  the  wood-sorrel  [Oxalis  acetoseUa),  to  which  it  commu- 
nicates their  powerfully  acid  taste,  and  in  which  it  occurs  in  com- 
bination with  potassium  as  the  salt  commonly  known  as  binoxalate 
of  potash.  It  is  found  likewise  in  the  Rumex  acetosa  and  in  the 
leaf-stalks  of  the  common  rhubarb.  Many  lichens  owe  their 
solidity  to  the  presence  of  calcic  oxalate,  and  have  been  employed 
as  a  source  of  the  acid.  It  is  also  contained  abundantly  in  the 
banlla  plant,  in  the  form  of  neutral  or  disodic  oxalate  (Na^C^OJ. 

Preparation. — Oxalic  acid  may  be  procured  by  heating  tar- 
taric, citric,  or  maUc  acid  with  an  excess  of  potassic  hydrate; 
and  when  starch,  sugar,  or  ligneous  tissue  is  similarly  treated, 
hydrogen  is  evolyed  and  potassic  oxalate  is  among  the  products. 
Many  tons  of  oxalic  acid  are  indeed  now  made  weekly  for  the 
calico-printer  by  heating  sawdust  with  a  mixture  of  potassic 

hydrate. 

The  following  is  the  method  (Schanck,  Smith,  and  Roscoe,  Brit,  Assoc, 
Report,  1 86 1,  p.  120)  employed  by  Messrs.  Roberts,  Dale,  and  Co.,  for  mana- 
facturing  oxalic  acid  from  sawdust  on  a  large  scale.  A  concentrated  solution  of 
mixed  caustic  soda  and  potash  (sp.  gr.  i'3  j)  is  prepared,  containing  2  atoms  of 
sodic  hydrate  to  i  atom  of  potassic  hydrate.  Caustic  soda  alone  does  not  furnish 
oxalic  acid  by  this  method,  and  caustic  potash  singly  is  too  expensive ;  hence  a 
mixture  of  the  two  is  necessary.  Sawdust  is  introduced  so  as  to  form  a  stiff 
paste.  The  pasty  mass  is  placed  in  thick  layers  upon  heated  iron  plates,  and 
stirred  constantly  whilst  the  temperature  is  gradually  raised.  At  first  water 
escapes  freely ;  as  the  decomposition  advances  the  mass  swells  up  and  disengages 
an  inflammable  gas,  containing  hydrogen  and  carburetted  hydrogen,  accompanied 
with  an  aromatic  odour.  The  temperature  is  maintained  at  a  point  between 
392^  and  482^  (200^  and  250^  C),  for  a  couple  of  hours,  when  a  dark  brown 
mass,  wholly  soluble  in  water,  is  obtained.  The  exact  nature  of  this  mixtore  is 
not  ascertained.  At  present,  however,  it  contains  only  from  one  to  four  per  cent, 
of  oxalic  acid,  and  a  trace  of  formic,  but  no  acetic  acid ;  the  application  of  heat 
to  the  mass  is  therefore  continued  for  3  or  4  hours  longer,  taking  care  to  avoid 
charring.  The  mass  becomes  thoroughly  dry,  and  finally  contains  from  28  to 
30  per  cent,  of  oxalic  acid ;  hydrogen  appears  to  be  given  off  continuously  daring 
the  process,  which  is  quite  sucoesaful  in  closed  vessels. 
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^«  gfej  mMt  thus  proonred  is  treated  with  water  at  59°  (15^  C.)»  which 
dittoWes  out  everything  bat  the  sparingly  soluble  sodic  oxalate.  The  mother- 
liquors  after  the  separation  of  the  sodic  oxalate  are  boiled  down  to  dryness, 
ignited  to  destroy  organic  matter,  and  the  alkalies  are  again  rendered  caustic, 
and  after  the  addition  of  a  suitable  quantity  of  soda,  are  used  in  preparing  a 
fresh  charge. 

The  sodic  oxalate  is  decomposed  by  boijing  with  hydrate  of  lime,  calcic 
oxalate  is  formed,  and  separates  in  the  insoluble  condition,  whilst  caustic  soda 
enters  into  the  solution,  and  may  be  used  over  again.  Meantime  the  calcic 
oxalate  is  decomposed  by  means  of  sulphuric  acid,  and  the  liquor  decanted  from 
the  calcic  sulphate  furnishes  crystals  of  oxalic  acid  on  evaporation.  Sawdust 
treated  by  this  method  yields  about  half  its  weight  of  crystallized  oxalic  acid. 

But  the  acid  is  still  commonly  prepared  by  the  older  plan  of 
oxidation  of  sugar  or  of  starch  by  nitric  acid  : — i  part  of  dry  loaf 
sugar  is  dissolved  in  S^  parts  of  nitric  acid^  of  sp.  gr.  1*38,  and 
heated  in  a  flask  until  all  efiervescence  has  ceased ;  a  copious 
evolution  of  carbonic  anhydride  and  of  nitric  oxide  attends  the 
reaction.  The  solution  is  then  evaporated  by  a  water-bath  to 
one-sixth  of  its  bulk^  and  the  acid  crystallizes  on  cooling.  The 
mother-liquor  may  be  further  concentrated  by  evaporation  :  the 
oxalic  acid  is  purified  by  recrystallization^  and  amounts  to  more 
than  half  the  weight  of  the  sugar  employed  (Schlesinger).  Starch 
may  be  substituted  for  the  sugar  in  this  process^  with  results 
nearly  as  good. 

Properties. — Oxalic  acid  as  thus  obtained  crystallizes  in  trans- 
parent four-sided  prisms^  which  are  represented  by  the  formula 
(HgCgO^aHgO).  This  acid  requires  about  9  times  its  weight  of 
cold  water  for  solution^  but  it  is  dissolved  much  more  freely  by 
boiling  water ;  it  is  also  soluble  in  alcohol.  The  crystals  when 
heated  suddenly  to  aia°  (100°  C.)  melt  in  their  water  of  crystal- 
lization; but  if  slowly  raised  to  212^  they  become  opaque^  and 
lose  28*5  per  cent,  of  water.  The  residue  then  consists  of  HjCfi^. 
If  these  dried  crystals  be  placed  in  a  retort^  and  heated  by  means 
of  an  oil-bath  to  between  302°  and  320°  (150°  and  160°  C.),  they 
are  slowly  sublimed  and  may  be  condensed  in  white  needles ;  but 
if  heated  above  320°  (160°  C.)  the  acid  is  decomposed.  When 
the  crystallized  oxalic  acid  is  heated  quickly  without  previous 
desiccation^  it  melts  in  its  water  of  crystallization^  and  at  311^ 
(155°  C.)  is  resolved,  with  apparent  ebullition,  into  a  mixture  of 
carbonic  anhydride,  formic  acid,  water,  and  carbonic  oxide  : — 

Oxalic  acid.  Formie  acid. 


IlJCfi^2Ufi  =  CO,  -h   2H,0  -h  HCHOjp 
the  carbonic   oxide  is  derived  from  the  formic   acid,  which  when 
decomposed  by  heat  yields  carbonic   oxide   and  water ;  HCHO, 
becoming  H^O  +  CO.     Berthelot  has  shown  that  the  conNemow 
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of  oxalic  into  formic  acid  is  easily  effected  by  dissolving  the  oxalic 
acid  in  glycerin,  and  heating  to  about  302^  (150^  C),  when  formic 
acid  slowly  passes  oyer,  and  carbonic  anhydride  escapes ;  but  if 
the  temperature  be  raised  to  383°  (195°  C.)  carbonic  oxide  is 
obtained  in  abundance.  When  heated  with  oil  of  vitriol,  or  phos- 
phoric anhydride,  it  breaks  up  into  equal  volumes  of  carbonic 
oxide  and  carbonic  anhydride.  No  anhydride  of  oxalic  acid 
appears  to  exist. 

The  composition  of  oxalic  acid  is  as  follows : — 

UnkDOwn  aabjdride.  Hydrated.  Oryitallised. 


Carbon  ...  Cj=:34or33'3 
Oxygen  ...  0,=48  66*7 
Water       ... 


"^^  \  ^««'=''    -o 


€3=24  or  26'6 
0,=48      534 

HjOrriS         200 


H,C204=9O    loo'o 


C,=  24  or  19*05 
0,=  48       38' 10 
3H,0=  54       42-85 


H,C,042H,0=i26     loooo 


The  solution  of  oxalic  acid  has  an  intensely  sour  taste ;  if 
swallowed,  the  acid  acts  as  a  powerful  poison,  occasioning  death 
in  a  very  few  hours.  The  best  antidote  in  such  a  case  is  the  ad- 
ministration of  chalk  or  of  magnesia  suspended  in  water. 

It  is  a  general  rule  that  when  an  elementary  body  forms  two 
or  more  acids  with  oxygen,  the  acid  which  contains  the  largest 
amount  of  oxygen  is  the  most  energetic  in  its  action.  For  ex- 
ample, the  sulphuric  acid  is  more  powerful  than  the  sulphurous; 
chloric  acid  is  stronger  than  hypochlorous  acid,  and  the  perchloric 
acid  is  stronger  than  either.  It  is,  however,  otherwise  in  the 
case  of  oxalic  acid ;  although  oxalic  acid  contains  a  smaller  pro- 
portion of  oxygen  than  carbonic  acid,  its  attraction  for  bases  is 
much  more  energetic,  and  it  decomposes  all  tjie  carbonates  with 
effervescence.  It  even  liberates  hydrochloric  acid  when  heated 
with  dry  sodic  chloride.  The  cause  of  this  remarkable  exception 
to  the  general  rule  has  not  hitherto  been  explained. 

Oxalates, — Until  lately  oxalic  acid  was  regarded  as  mono- 
basic; but  there  are  good  reasons  for  viewing  it  as  dibasic. 
Besides  the  two  classes  of  salts  usually  formed  by  dibasic  acids, 
the  oxalic  furnishes  with  the  alkali-metals  a  group  of  super-acid 
salts,  represented  by  the  so-called  quadroxalate  of  potash.  Normal 
or  dipotassic  oxalate  (KjCgO^H^O)  furnishes  efflorescent  very 
soluble  prismatic  crystals:  the  hydropotassic  oxalate  (or  bin- 
oxalate,  KHCgO^HjO)  is  sparingly  soluble  in  cold  water,  and  re- 
quires about  14  parts  of  boiling  water  for  solution;  it  crystallizes 
in  large  prisms  which  are  imaltered  by  exposure  to  the  air ;  and 
the  quadroxalate  (KHC20^,HgC30^2HjO)  furnishes  large  crystals 
which  are  still  less  soluble.     The  so-called  salt  of  lemons  is  one 
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of  these  acid  oxalates.  Oxalic  acid  forms  a  large  number  of  in- 
soluble salts.  The  insolubility  of  calcic  oxalate  in  water  has  led 
to  the  employment  of  oxalic  acid  as  a  reagent  for  indicating  the 
existence  of  lime  in  solution^  and  for  determining  its  amoimt. 
On  adding  a  neutral  oxalate  to  a  neutral  or  alkaline  solution  of 
any  salt  of  calcium^  calcic  oxalate  falls  as  a  white  precipitate^ 
which  is  insoluble  in  acetic  acid.  After  drying  at  104°  (40°  C), 
this  salt  consists  of  CaCgO^aHgO,  if  dried  at  aia°,  it  retains  only 
HgO,  and  when  heated  to  bright  redness^  100  parts  leave  34*  15 
of  pure  quicklime^  corresponding  to  43*9  of  oxalic  anhydride. 
The  oxalates  of  magnesiiim^  cadmiiim^  and  manganese  are  also 
white  and  nearly  insoluble :  they  each,  when  dried  at  21a® 
retain  aH^O.  Zincic  oxalate  is  white;  cobalt  oxalate  is  rose- 
coloured  ;  nickel  oxalate  is  greenish  white,  and  ferrous  oxalate 
is  yellow :  they  are  all  sparingly  soluble,  and  retain  aH^O  at 
104°  (40°  C).  The  oxalates  of  barium  and  strontium  are  white, 
and  that  of  copper  is  of  a  pale  blue :  they  are  nearly  insoluble, 
and  retain  H^O  at  aia°.  The  oxalates  of  lead  and  silver  are 
white,  and  anhydrous.  All  the  insoluble  oxalates  are  readily 
dissolved  by  diluted  nitric  acid. 

An  insoluble  basic  plumbic  oxalate  (PbC^O^aPbO)  may  be  ob- 
tained by  precipitating  the  tribasic  acetate  of  lead  by  means  of  a 
neutral  soluble  oxalate.  One  of  the  most  characteristic  salts  of  this 
acid  is  argentic  oxalate,  which  when  heated  on  platinum  foil  is  sud- 
denly reduced  to  the  metallic  state,  and  is  dispersed  with  a  slight 
explosion,  owing  to  the  sudden  liberation  of  carbonic  anhydride ; 
Ag2C30^=Agjj-|-aC02.  The  oxalates  of  many  other  of  the  metals 
which  have  but  small  attraction  for  oxygen,  those  of  cobalt  and 
nickel  among  the  number,  are  reduced  to  the  metallic  state  if 
heated  to  redness  in  a  closed  vessel,  so  as  to  exclude  atmospheric 
oxygen ;  a  atoms  of  carbonic  anhydride  being  expelled,  whilst  the 
pure  metal  is  left  behind.  This  reducing  action  occurs  in  the  case 
of  gold,  when  a  solution  of  a  salt  of  this  metal  is  simply  boiled 
with  an  oxalate  ;  the  gold  is  precipitated  either  in  flakes  or  in  the 
form  of  a  very  finely  divided  powder.  The  oxalates  of  the  metals 
of  the  alkalies  and  the  alkaline  earths  are  converted  by  a  didl  red 
heat  into  carbonates  of  these  metals  ;  carbonic  oxide  burning  off 
with  a  pale  blue  flame,  whilst  the  salt  does  not  exhibit  any  ap- 
pearance of  charring. 

-    The  general  formulae  of  the  oxalates  are  the  following — ^the 
table  includes  some  of  the  principal  oxalates : — 

Normal  oxalates  ...  ...  ...  •••         M,C,0^ 

Acid  oxalates ...  ...         ...         •••  ...         ^HC^O^ 
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Saper-add  oxalates     ...         ...         ...         ...         MH,2C,0^ 


Strontio  ,, 

f  • .  • 

Calcio      ,, 

liagnesio  „ 

Zincio      „ 

Cadmio     „ 

Cobalt      „ 

Nickel      „ 

Ferrouii    „ 

Cupric      „ 

Plumbic  „ 

Argentic  ,, 

Dipotasaic  Qxalate       ...         ...         ...  ...  Kfifi^fi 

Potassio  hydric  oxalate  (binoxalate)     ...  ...  EHC,0^. H,0 

Potaasio  trihjdric  dioxalate  (qaadroxalate)  ...  KH,2C,0^.2H,0 

Diammonio  oxalate     ...         ...         ...  ...  (H4N),C,0^.H,0 

Ammonio  bydric  oxalate  (binoxalate)  ...  ...  H^NHC^O^.H^O 

Baric  oxalate  ...  ...  ...  ...  ...  BaC^O^.H^O 

SrCjO^.HjO 

CaC,0,.2H,0 

MgC,0^.aH,0 

ZnCjO^.aHjO 

CdC,0,.aH,0 

CoCfi^.2Hfl 

NiCjO^.aHjO 

PeC,0,.aH,0 

CuCjO^.HjO 

•  ••  •••  •••  •••  •    *^^^^^^A 

Atr  C  O 

•  ••  •••  •••  •••  ^^©•^^•^'^A 

Oxalic  acid  forms  a  large  number  of  double  salts, — such  as 
the  following : — 

Uranous  diammonic  dioxalate  [U'^ (11^)^20  fi^Hfii]. 
Uranico-ammonic  oxalate  (UOH^NCgO^aHgO). 
Chromico-tripotassic  trioxalate  (K3Cr'"3C5,0^3HgO). 

(499)  Skodizanie,  Oroconic,  and  JSfelUiic  Acids, — Three  other  acida  con- 
taining carbon  and  oxygen  are  known  nnder  these  names,  but  they  are  of  slight 
importance. 

Bkodizanic  Acid  (H^C^HO, ;  Will)  is  an  acid  which  forms  salts  of  a  beau- 
tiful  red  or  scarlet  colour,  whence  it  derives  its  name  (from  ^6Boy,  a  rose).  It 
is  obtained  by  the  action  of  a  moist  atmosphere  on  the  dark  oli?e-green  com- 
pound which  potassium  yields  when  gently  heated  in  carbonic  oxide  gas,  and 
which  is  formed  abundantly  during  the  preparation  of  potassium. 

If  the  aqueous  solution  of  potassic  rhodizonate  (K,C^H,0,,H,0  P)  be  boiled 
in  the  presence  of  free  alkali,  it  is  decomposed  with  loss  of  water  into  the  salt  of 
a  new  acid,  which  from  the  yellow  colour  of  its  compounds  is  termed  Croconic 
ocfrf,  H.C,0,.3H.O. 

Croconic  acid  is  obtained  by  decomposing  potassic  croconate  with  silicofluorio 
acid.  It  forms  yellow  crystals  soluble  both  in  water  and  in  alcohol.  Croconic 
acid  and  the  soluble  croconates  furnish  yellow  sparingly  soluble  crystalline  plates 
when  mixed  with  salts  of  barium  or  of  lead,  (Will,  Lieb,  AnnaL  cxviii.  187). 

(500)  MellUio  Acid  (H,C^OJ,  has  hitherto  been  found  only  in  Melli^  a 
rare  mineral,  consisting  of  aluminic  mellitate  (Al,3C^O^,i8H,0),  which  is  now 
and  then  met  with  in  lignite,  and  occurs  crystallized  in  honey -yellow  transparent 
octohedra.  MeUitio  acid  is  extracted  from  mellite  by  boiling  the  powdered 
mineral  with  ammonic  sesquicarbonate ;  ammonic  mellitate  is  obtained  in 
solution  :  by  the  addition  of  plumbic  acetate  to  the  liquid,  plumbic  mellitate 
(PbC^O^.H^O)  is  precipitated.  This  precipitate,  when  washed,  is  suspended  in 
water  and  decomposed  by  a  current  of  sulphuretted  hydrogen ;  plumbic  sulphide 
is  thus  formed,  and  is  separated  by  filtration  from  the  solution  which  contains 
the  liberated  mellitic  acid :  on  evaporating  the  liquid  the  acid  is  left  in  a  state  of 

puritf. 
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Mellitio  acid  is  toluUe  in  water  and  in  aloohol ;  it  may  be  obtained  cryatal- 
lized  in  gproupe  of  needles  by  the  spontaneous  evaporation  of  the  alcoholic  solu- 
tion. Its  solution  reddens  litmus  strongly,  and  has  a  strongly  sour  taste. 
Mellitic  acid  is  unchanged  by  boiling  nitric  or  sulphuric  acids.  The  acid  is  de* 
composed  by  heat  into  a  volaiile  crystalline  sublimate,  and  into  oarbon.  With 
the  salts  of  lead  the  mellitates  giye  a  voluminous  white  precipitate,  which  gra- 
dually shrinks  in  bulk  and  becomes  crystalline. 

§  rV.  Compounds  op  Carbon  with  Nitrogen. 

^(501)  Cyanogen;  CN,  or  Cy=26;  Rel.  wt.  26;  Mol  Vol. 
I  ',  ~j;  Mol.  wt.  Cy2=5a;  Theoretic  ^.  Gr.  1*800;  Observed, 
1*8064;  -^lomic  Vol.  Q. — ^This  substance  is  one  of  the  most  in- 
teresting compounds  of  carbon^  and  its  discovery  by  Oay-Lussac, 
in  1814^  formed  an  epoch  in  the  history  of  chemical  science.  It 
was  the  first  compoimd  body  which  was  distinctly  proved  to  enter 
into  combination  with  elementary  substances  in  a  manner  similar 
to  that  in  which  the  elements  combine  with  each  other.  New 
views  of  chemical  composition  were  thus  originated,  which  have 
since  acquired  an  extensive  development,  and  have  exercised  a 
most  material  influence  upon  the  theory  of  organic  tX)mpoimdsin 
general.  The  name  of  Cyanogen  (firom  Kvavoq  blue,  ywvaw  to 
produce),  is  derived  firom  the  circumstance  that  this  body  forms 
an  essential  ingredient  in  Prussian  blue.  No  direct  union  of  its 
constituent  elements  can  be  effected.  If  a  mixture  of  charcoal 
and  potassic  carbonate  be  heated  to  redness  in  a  porcelain  tube, 
and  nitrogen  be  passed  over  it,  carbonic  oxide  escapes  abundantly, 
whilst  cyanogen  is  formed  and  unites  with  the  potassium,  yield- 
ing potassic  cyanide;  Kj,C05+4C-f N,=2KCN-f 3CD.  This 
operation  takes  place  in  the  blast  furnace  during  the  smelting  of 
iron,  a  notable  quantity  of  potassic  cyanide  being  formed  near  the 
hottest  part  {note,  745)^  the  potassium  being  derived  from  the 
ashes  of  the  coal  or  firom  the  clay  in  the  ore  employed. 

The  compounds  of  ammonia  in  vapour  if  transmitted  over 
glowing  charcoal  yield  cyanogen  still  more  readily,  especially  when 
potassic  carbonate  is  also  present.  The  oxidized  compounds  of 
nitrogen,  such  as  the  nitrates,  likewise  readily  furnish  small  quan- 
tities of  the  compounds  of  cyanogen,  as  is  firequently  observed  in 
deflagrating  charcoal  with  nitre. 

A  sensitive  reaction  for  the  presence  of  nitrogen  in  organic 
compounds  is  founded  upon  the  facility  with  which  either  potas- 
sium or  sodium  determines  the  formation  of  cyanogen  fix)m 
azotised  compounds  of  carbon : — a  small  globule  of  potassium  (or 
of  sodium)  is  introduced  into  a  narrow  glass  tube  sealed  at  one 
end,  and  the  metal  is  heated  with  the  organic  body  uxidet  ei»^- 
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nation.  The  residue  is  then  dissolved  in  water  and  a  small  quan- 
tity of  a  mixture  of  the  ferrous  and  ferric  sulphates  added^  then 
a  slight  excess  of  hydrochloric  acid ;  a  precipitate  of  Prussian 
blue  is  formed  if  nitrogen  be  present  in  the  compound. 

Cyanogen  is  also  present  in  small  quantity  among  the  pro- 
ducts obtained  during  the  distillation  of  pit  coal ;  and  it  is  fur- 
nished during  the  decomposition  of  ammonic  oxalate  by  heat^ 
aH^N,Cg04  becoming  (CN^g-f  4Hj,0. 

The  compounds  of  cyanogen  are,  however,  almost  always  ob- 
tained from  the  double  cyanide  of  potassium  and  iron,  a  salt  which 
crystallizes  in  transparent  yellow  tables,  and  is  commonly  known 
by  the  name  of  prusnate  of  potash  (potassic  ferrocyanide, 
K^FeCyg,3H20).  This  salt  is  prepared  by  heating,  in  a  covered 
iron  pot,  about  5  parts  of  refuse  animal  matter,  such  as  the 
parings  of  hoofs,  hides,  horns,  &c.,  with  2  parts  of  pearlash,  and 
iron  filings ;  the  nitrogen  and  carbon  of  the  animal  matters  react 
upon  each  other  at  a  high  temperature,  and  combine  with  a  por- 
tion of  reduced  potassium  and  with  iron.  On  digesting  the  mass, 
when  cold,  with  water,  potassic  ferrocyanide  is  formed,  and  is 
deposited  from  the  solution  in  large  four-sided  tables.  When  10 
parts  of  this  salt  are  dissolved  in  4  times  their  weight  of  warm 
water,  and  distilled  with  7  parts  of  oil  of  vitriol  diluted  with  twice 
their  weight  of  water,  until  about  half  the  bidk  of  the  liquid  has 
passed  over,  a  dilute  solution  of  hydrocyanic  acid  (HCy)  is 
formed;*  this,  if  saturated  with  mercuric  oxide,  furnishes,  on 
evaporation,  a  crystallizable  compound,  the  mercuric  cyanide 
(HgCy^).  If  this  be  thoroughly  dried,  and  heated  in  a  retort,  it 
is  decomposed  into  mercury,  which  distils  over,  and  cyanogen, 
which  passes  off  as  a  permanent  gas. 

Cyanogen  is  a  transparent  colourless  gas,  of  a  peculiar,  pene- 
trating odour :  it  is  poisonous  if  respired.  It  bums  with  a  beau- 
tiful rose-edged  purple  flame.  Cyanogen  is  soluble  in  one-fourth 
of  its  bulk  of  water,  and  still  more  freely  so  in  alcohol ;  hence  it 
must  be  collected  over  mercury.  In  porcelain  or  glass  vessels  it 
supports  a  high  temperature  without  decomposition,  but  if  heated 
in  iron  tubes,  charcoal  is  deposited,  and  a  volume  of  nitrogen, 
equal  to  that  of  the  cyanogen  used,  remains. 


*  The  reaction  in  this  case  is  rather  less  simple  than  might  have  been  anti- 
cipated :  it  was  first  accurately  traced  by  Everitt : — 

K,PeCy,  +  3H,S0,  =  3HCy  +  KFeCy,  +  3KHSO, ; 

half  the  cyanogen  only  is  expelled  as  hydrocyanic  acid,  the  other  half  remaining 
behind  in  the  form  of  a  white,  insoluble,  double  cyanide  of  iron  and  potassium 
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The  composition  of  cyanogen  may  be  determined  hj  detona- 
tion in  the  eudiometer  witli  oxygen ;  the  combuBtion  i§  attended 
iritli  a  powerful  explosion.  One  volume  of  cyanogen  vitli  3 
volnmea  of  oxygen  yields  3  of  carbonic  anhydride  and  i  volume  of 
nitrogen;  (CN)j  +  20j=2C0j+Nj ;  3  volumes  of  carbon  vapour 
and  I  volume  of  nitrogen  must  therefore  be  condensed  in  it  into 
I  volume,  as  is  shown  in  the  following  table : — 

Bj  miihl.  Bj  toI       Sp.  IT. 

Carbon  ...        C    =  13    or    46*15        at  =:  o'Sip 

Nitrogen        ...        N  =    14  63-85        i     =  0971 

Cyanogen  ...  CN  =  36  100*00  I  =:  I'Soo 
Cyanogen  is  readily  reduced  to  the  liquid  state  by  a  pressore 
of  its  own  vapour  equal  to  about  4  atmospheres.  It  forms  a  colour- 
less, limpid  liquid,  of  sp.  gr.  o'866  at  6a°6  (17°  C),  which,  on  the 
removal  of  the  pressure,  rapidly  but  quietly  resumes  the  gaseous 
state;  according  to  Bunsen  it  boils  at  — 5'*(— io°-7C.).  Itfreeses 
at  —30°  {— 34°"5  C),  and  forms  a  transparent  crystalline  solid, 
which  is  nearly  of  the  same  density  as  the  liquid. 

Fig.  23 1  shows  ui  euj  method  of  liquefjing  cjonogeD  :  a  tube  of  hard  gUas 
■•  bent  into  the  form  of  a,  b,  e.     Into  the  lunb,  a,  well-dried  ueToaria  eyuiid« 

FiQ.  331- 


ih  introdnced  1  heU  i>  applied  to  the  cjsnide  at  a ;  the  bend,  b,  u  placed  in  a 
Win  contuning  a  freezing  miiture  of  ice  and  talt;  ai  Kon  ae  the  gu  begin*  to 
escape,  the  stopoock  at  e  ia  doaed,  and  liqnid  cyanc^n  beconiei  condenaed  in  the 
bend,  b. 

If  potassium  be  heated  in  cyanogen  it  bums  and  combines 
with  it,  without  occasioning  the  decomposition  of  the  gas,  forming 
a  saline  body  analogous  to  common  salt.  This  experiment  shows 
the  existence  of  the  remarkable  property  possessed  by  cyanogen, 
of  combining  with  metals  and  other  bodies  like  an  element.  This 
peculiarity  in  the  mode  of  combination  of  cyanogen,  which  haa 
given  rise  to  the  theory  of  compound  radicles  now  so  extensively 
applied  in  organic  chemistry,  will  be  better  traced  by  examining 
a  few  of  the  numerous  compounds  which  cyanogen  forms  with  the 
elementajy  bodies. 

(50X)  Hydmictahic  or   Fbetssic    Acid  ;    Hydric    cyamie ; 
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(HCy  =  2j) ;  8p.  Gr.  of  Vapour,  Theoretic,  0*933  >  Observed,  o'^j6 ; 
ofUquid,  07058  at  44^-6(7^0.);  MeUing-pt.  ^[-if  C);  BaUbtg- 


pt.  80^  (26^-5  C.) ;  Atomic  and  MoL  Vol.  \]      ;  Rel.  wt.  13-5.— 


Cyanogen  forms  with  hydrogen  a  highly  important  compound, 
though  the  two  bodies  cannot  be  made  to  unite  directly  with  each 
other.  If  a  current  of  dried  sulphuretted  hydrogen  be  trans- 
mitted through  a  long  tube  filled  with  mercuric  cyanide  until  the 
cyanide  has  become  blackened  nearly  throughout,  mercuric  sul- 
phide and  hydrocyanic  acid  are  formed;  HgCyg-f  H3S=HgS  + 
zHCy ;  but  it  may  also  be  prepared  by  decomposing  any  of  the 
cyanides  with  a  strong  acid,  and  subjecting  them  to  distillation ; 
for  example,  mercuric  cyanide  when  treated  with  hydrochloric  add 
yields  it  readily.  The  most  economical  process  is  that  of  Wohler : 
he  prepares  a  crude  potassic  cyanide  by  fusing  8  parts  of  the  dried 
potassic  ferrocyanide  with  3  of  potassic  carbonate  and  i  part  of 
charcoal.  This  decomposition  is  shown  in  the  following  equa- 
tion ;  K^FeCy^,  -h  K3CO3  -f  Cg = 6KCy  -h  Fe  -h  3CO.  The  fused 
mass  is  treated  with  6  times  its  weight  of  water,  in  a  well* 
closed  vessel ;  the  clear  liquid  is  decanted  from  the  iron  which 
it  is  the  object  of  this  operation  to  separate,  and  is  poured  into 
a  retort :  sulphuric  acid,  diluted  with  an  equal  weight  of  water, 
is  gradually  added  in  the  proportion  of  i  part  of  oil  of  vitriol  to 
2  parts  of  the  cyanide.  At  first  the  distillation  proceeds  spon- 
taneously from  the  heat  developed  by  the  admixture  of  the  sul* 
phuric  acid  with  the  water.  In  order  to  condense  the  acid,  the 
products  are  made  to  pass  through  a  long  U-shaped  tube,  im- 
mersed in  cold  water,  and  filled  with  calcic  chloride,  with  the 
exception  of  the  first  fourth  of  the  tube,  which  contains  fragments 
of  the  crude  potassic  cyanide ;  to  the  bent  tube  is  attached  a 
second  delivering  tube,  which  passes  to  the  bottom  of  a  bottle 
cooled  with  ice  and  salt.  The  calcic  chloride  in  the  syphon  tube 
retains  the  moisture,  and  the  potassic  cyanide  any  sulphuric  acid 
that  might  chance  to  pass  over,  whilst  the  hydrocyanic  acid  col- 
lects in  the  anhydrous  state  in  the  cooled  receiver.  The  reaction 
of  sulphuric  acid  upon  potassic  cyanide  is  very  simple,  being  ex- 
actly analogous  to  its  action  upon  sodic  chloride;  2KCy  + 
2HjS0^=2HCy-f  aKHSO^.  Anhydrous  hydrocyanic  acid  is  a 
colourless,  transparent,  and  very  volatile  liquid ;  so  rapidly  does  it 
evaporate,  that  if  a  drop  be  allowed  to  fall  upon  a  glass  plate,  part 
of  the  acid  becomes  frozen  by  the  cold  produced  by  its  own  evapora- 
tion. Its  vapour  has  an  odour  of  peach  blossoms,  causing  a 
peculiar*  sense  of  oppression,  and  of  constriction  in  the  fauces. 
Owing  to  its  intensely  poisonous  character,  and  almost  instanta- 
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neotu  action  in  destroying  life,  the  greatest  care  is  requisite  in 
conducting  experiments  upon  this  substance ;  the  apparatus  should 
alwajrs  be  arranged  so  that  the  yapours  are  carried  away  from  the 
operator  by  a  brisk  current  of  air. 

Hydrocyanic  add  is  very  inflammable ;  it  bums  with  a  flame 
resembling  that  of  cyanogen,  but  of  a  whiter  colour.  In  con- 
formity with  its  analogy  with  the  hydrogen  acids  of  chlorine  and 
the  other  halogens,  it  is  composed  of  i  volume  of  hydn^n  and 

1  of  cyanogen  united  without  condensation.  When  potassium  is 
heated  in  hydrocyanic  acid  vapour,  potassic  cyanide  is  formed,  and 
a  yolume  of  hydrogen  equal  to  half  that  of  the  vapour  employed 
is  liberated;  chlorine  and  bromine  decompose  it  immediatdy; 
hydrochloric  or  hydrobromic  acid  is  produced,  and  if  excess  of  the 
halogen  be  present,  cyanogen  chloride  or  bromide  is  formed.  If 
5  volumes  of  oxygen  be  mingled  with  4  of  hydrocyanic  vapour,  a 
mixture  is  obtaiaed  which  detonates  powerfully  on  transmitting 
the  electric  spark  through  it ;  4  volumes  of  carbonic  anhydride  and 

2  of  nitrogen  remain,  and  2  volumes  of  steam  are  condensed ; 
4HCN +503=400,+ aNj+aHjO.  The  composition  of  hydro- 
cyanic  acid  may  be  calculated  from  the  result  of  this  experiment, 
and  may  be  represented  as  follows : — 

By  ToL  8p.  gr. 

a  or  I'D  =  0*414 
I  05  =  0-485 
I       05  =  0-934 

HydnKTsnic  acid         ...    HON    =  27     xoo'oo  2       x*o  =  0*933 

When  anhydrous  hydrocyanic  acid  is  mixed  with  its  own 
weight  of  water,  a  contraction  in  bulk  amounting  to  between  6 
and  7  per  cent,  takes  place,  and  at  the  same  time  a  depression  of 
several  degrees  of  temperature  occurs  (Bussy  and  Buignet).  The 
same  effects  are  observed  in  a  smaller  degree  if  the  two  liquids 
are  mixed  in  other  proportions ;  but  the  maximum  reduction  of 
temperature  occurs  when  equal  weights  of  the  two,  corresponding 
to  (aHCy,3H20)  are  taken.     {AnnaL  de  Chimie,  IV.  iii.  237.) 

The  acid  properties  of  this  compound  are  but  feeble ;  it  reddens 
litmus  slightly,  dissolves  red  oxide  of  mercury  freely,  and  precipi- 
tates argentic  nitrate  in  white  flocculi  (AgCy).  Potassic  cyanide 
always  has  an  alkaline  reaction :  its  solution  emits  the  odour  of 
the  acid.  Pure  hydrocyanic  acid  may  be  kept  unchanged  if  ex- 
cluded frx>m  light ;  but  in  difiused  light  it  becomes  decomposed, 
aad  a  brown  matter,  consisting  chiefly  of  paracyanogen,  is  formed. 
Pelouze  has  pointed  out  a  remarkable  decomposition  which  ftimishes 
dilute  hydrocyanic  acid  almost  in  a  state  of  purity :  i  stoin.  ^ 


Bywdgbt. 

Carbon    ••• 

••• 

.•  t 

C     =  13  or  4445 

Nitrogen 

■• . 

•  t. 

N    =  14       61-85 

Hydrogen 

•  •  • 

••• 

H    =    I         3-70 
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crystalluBed  amnionic  formiate  contains  the  elements  of  i  atom  6f 
hydrocyanic  acid  and  2  atoms  of  water.  If  this  salt  be  placed  in 
a  retort  and  heated,  it  melts  at  248^  (120^  C),  loses  a  little  am- 
monia at  284^  (140^  C.),  and  between  356®  and  392°  (180®  and 
200^ C),  distils  overhand  if  the  vapour  be  transmitted  through  a  red- 
hot  tube  it  is  wholly  converted  into  hydrocyanic  acid  and  water; 
H^NCH02=HCN  +  2H20.  If  equal  measures  of  concentrated  . 
hydrocyanic  and  hydrochloric  acids  be  mixed  together,  formic 
acid  and  anmionia  are  reproduced. 

Hydrocyanic  acid,  mixed  with  a  peculiar  essential  oil,  is  ob- 
tained by  distillation  from  the  kernels  of  the  bitter  almond,  and 
from  those  of  many  varieties  of  stone  fruit :  it  is  also  present  in 
the  water  which  is  distilled  off  the  leaves  of  the  laurel,  the  peach, 
and  some  other  shrubs;  the  juice. of  the  tapioca  plant  {Jatrqpha 
manihot)  likewise  contains  it,  and  it  is  also  formed  under  various 
circumstances  during  the  oxidation  and  decomposition  of  some 
kinds  of  azotised  substances. 

The  preparation  of  diluted  hydrocyanic  acid  by  distillation  of 
potassic  ferrocyanide  with  diluted  sulphuric  acid  has  been  already 
noticed,  but  as  the  acid  is  now  frequently  employed  in  medicine, 
it  is  highly  important,  on  account  of  its  energetic  action,  to  be 
able  to  insure  its  preparation  of  an  uniform  strength.  This  is 
easily  attained  by  the  process  of  a  former  Pharmacopoeia,  which 
directs  48^  grains  of  argentic  cyanide  to  be  suspended  in  an  ounce 
of  water,  and  to  be  decomposed  by  39J  grains  of  hydrochloric 
acid,  decanting  the  clear  liquid  from  the  argentic  chloride ;  this 
acid  contains  2,  per  cent,  of  the  anhydrous  acid.  The  acid  when 
dilute  is  less  prone  to  decomposition  than  when  concentrated, 
especially  if  a  little  fr'ee  sulphuric  acid  be  present :  but  it  should 
always  be  excluded  from  the  light.  This  acid  is  extremely  vola- 
tile, and  if  a  bottle  containing  the  diluted  acid  be  left  open  for 
a  few  hours  it  will  be  found  to  have  suffered  a  very  material  re- 
duction in  strength ;  indeed,  the  mere  opening  and  closing  the 
bottle  in  dispensing  the  medicine  always  reduces  its  strength. 
When  subjected  to  distillation  a  large  quantity  is  usually  lost,  and 
the  greater  portion  of  the  acid  comes  over  in  the  first  fourth  of 
the  distillate.  What  is  called  Scheele's  acid  varies  greatly  in 
strength,  owing  to  the  difficulty  of  condensing  the  acid  vapour. 
It  is  directed  to  be  prepared  by  mixing  10  parts  of  potassic  ferro- 
cyanide with  3*75  of  oil  of  vitriol  previously  diluted  with  40  parts 
of  water,  and  distilling  over  till  10  parts  are  collected.  It  seldom 
contains  more  than  5  per  cent,  of  the  acid,  and  the  proportion  is 
often  considerably  less. 
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(503)  Cyanides. — ^The  cyanides  of  the  alkali-metals  are  freelj 
soluble  in  water.  Many  of  the  cyanides  of  the  heavier  metals 
are  insoluble  in  water,  but  most  of  them  are  decomposed  with 
evolution  of  hydrocyanic  acid  when  boiled  with  hydrochloric  acid ; 
those  of  silver  and  mercury^  when  heated  to  redness,  yield 
cyanogen  gas.  Solutions  of  mercurous  salts  with  the  soluble 
cyanides  give  a  grey  precipitate  of  the  reduced  metal ;  but  the 
mercuric  salts  give  no  precipitate.  Most  of  the  cyanides  which 
are  insoluble  in  water  may  be  dissolved  by  means  of  a  solution  of 
the  cyanides  of  the  metals  of  the  alkalies,  or  of  the  alkaline  earths ; 
in  such  cases  double  cyanides  are  generally  formed.  Idebig  has 
given  a  ready  method  for  the  exact  determination  of  the  strength 
of  a  solution  of  hydrocyanic  acid,  founded  upon  the  solubility  of 
these  double  cyanides : — ^The  acid  to  be  tested  is  supersaturated 
with  a  solution  of  caustic  potash,  and  a  standard  solution  of 
argentic  nitrate  (containing  1*7  gramme  of  nitrate  in  100  cubic 
centim.  of  water)  is  gradually  added,  agitating  the  mixture  after 
each  addition ;  as  soon  as  the  precipitate  is  no  longer  redissolved, 
the  number  of  divisions  of  nitrate  added  must  be  read  off;  17 
gramme  of  argentic  nitrate  represent  0*54  gramme  of  hydro- 
cyanic add.  The  presence  of  chlorides  does  not  interfere  with 
the  application  of  the  test.  The  reaction  is  the  following : — 
AgNOj + aKCy = KNO,  +  KCy,  AgCy . 

Cupric  sulphate  may  be  substituted  for  the  argentic  nitrate, 
if  the  hydrocyanic  solution  be  rendered  alkaline  with  ammonia 
instead  of  with  potash ;  the  reaction  is  complete  as  soon  as  the 
liquid  acquires  a  slight  blue  tinge ;  1*45  grm.  of  the  crystallized 
sulphate  represent  0*54  grm.  of  hydrocyanic  add. 

Tests. — ^The  presence  of  the  soluble  cyanides,  or  of  hydro- 
cyanic add  in  solution,  may  be  determined  by  the  following 
tests : — 

I.  With  argentic  nitrate,  a  white  curdy  precipitate  which 
does  not  blacken  by  exposure  to  light,  is  formed ;  it  is  nearly 
insoluble  in  cold  nitric  acid ;  when  heated  to  redness  it  gives  off 
the  inflammable  vapour  of  cyanogen. — 2.  If  to  the  liquid  a  slight 
excess  of  potash  be  added,  and  then  a  mixture  of  ferrous  and 
ferric  sulphate,  a  precipitate  of  hydrated  ferric  and  ferrous  oxide 
is  occasioned,  which,  when  treated  with  excess  of  hydrochloric 
add,  leaves  Prussian  blue.  The  reaction,  omitting  the  water 
of  hydration  of  the  oxide,  may  be  thus  represented;  i8KCy  + 
2Fe30g,3FeO  +  i8HCl=  18KCI  +  gUfi  +  Fe^FejCyjg.  This  test 
may  be  modified  by  gently  heating  the  suspected  mixture  with 
sulphuric  acid,  and  suspending  in  the  flask  or  retort  fot  «^  ie^ 
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minutes^  a  piece  of  paper  moistened  with  a  solution  of  potash ; 
on  dropping  a  weak  solution  of  the  mixed  sulphates  of  iron  upon 
the  paper^  and  immersing  it  in  diluted  sulphuric  acid^  hydrocTanic 
acid  may  be  recognized  by  the  formation  of  Prussian  blue  when 
very  minute  traces  only  are  present.— -3.  Let  the  liquid  be  acidu- 
lated with  a  few  drops  of  hydrochloric  acid^  place  it  in  a  watch- 
glass^  and  let  a  second  watch-glass  be  inverted  over  it^  moistened 
with  a  drop  of  a  solution  of  sulphuretted  hydrosulphate  of  sul- 
phide of  ammonium  (containing  ammonic  disulphide) ;  after  a 
few  minutes  let  the  upper  watch-glass  be  removed^  and  the  liqukL 
be  evaporated  to  dryness  by  steam  heat ;  potassic  sulphocyanide 
will  be  left^  and  the  volatile  ammonic  sulphohydrate  wiU  pass 
off;  (H^N)3S,4-HCy=H,NCyS  +  H^NHS;  let  the  dry  residue 
be  treated  with  a  drop  of  a  weak  solution  of  ferric  chloride ;  a 
red  ferric  sulphocyanide  is  formed  under  these  circumstances. 

The  cyanides  of  iron^  cobalt^  chromium^  platinum^  and  some 
other  metals^  form^  with  the  cyanides  of  the  metals  of  the  alka- 
lies and  the  earths^  compounds  of  a  peculiar  character^  in  which 
the  presence  of  the  iron,  or  the  cobalt,  &c.,  cannot  be  detected 
by  the  usual  tests  for  these  metals.  Some  of  these  compounds  are 
of  considerable  importance,  and  will  be  noticed  at  a  future  point 

(504)  Cyanic  Acid;  Hydric  cyanate;  HCyO=43. —  ^^ 
cyanogen  gas  be  passed  into  an  alkaline  solution,  a  change 
ensues  something  analogous  to  that  which  occurs  when  chlorine 
is  similarly  treated,  cyanide  and  cyanate  of  the  metal  being  pro- 
duced ;  but  the  cyanic  acid  contains  a  smaller  proportion  of 
oxygen  than  chloric  acid  does;  Cy^  +  2KH0= KCy  +  KCyO  -h  HjO. 
If  potassic  carbonate  be  heated  in  cyanogen  gas,  a  mixture  of 
potassic  cyanide  and  cyanate  is  formed,  whilst  carbonic  anhydride 
is  set  free;  K2COg  +  Cy2=KCy  +  KCyO-fC03. 

Potassic  cyanate,  however,  is  better  prepared  in  a  state  of 
purity,  by  fusing  potassic  cyanide  in  a  crucible,  and  adding 
litharge  (plumbic  oxide)  in  small  quantities,  till  the  oxide  ceases 
to  be  decomposed;  KCy  +  PbO=KCyO-fPb.  The  cyanate  is 
easily  separated  from  the  reduced  lead  and  the  excess  of  plumbic 
oxide,  which,  from,  their  superior  density,  sink  through  the  melted 
mass  to  the  bottom.  The  cyanate  may  be  purified  by  solution  in 
boiling  alcohol,  from  which  it  crystallizes  on  cooling  in  deliques- 
cent plates.  Another  but  less  productive  method  of  preparing 
potassic  cyanate  consists  in  heating  an  intimate  mixture  of  2  parts 
of  thoroughly  dried  potassic  ferrocyanide  with  i  part  of  finely 
powdered  anhydrous  black  oxide  of  manganese  :  the  mixture  is 
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placed  upon  a  sheet-iron  plate  and  heated  to  dull  redness^  and 
the  mass  is  kept  constantly  stirred.  The  oxidation  of  the  cyanide 
is  eflTected  partly  at  the  expense  of  the  oxygen  in  the  oxide  of 
manganese^  partly  of  that  in  the  atmosphere.  When  the  com- 
bustion has  ceased,  potassic  cyanate  may  be  dissolved  out  of  the 
residue  with  hot  alcohol. 

Potassic  cyanate,  if  kept  dry,  may  be  preserved  without 
change;  but  so  imstable  is  the  cyanic  acid  when  uncombined 
with  a  fixed  basyl,  that  on  attempting  to  separate  it  from  potassic 
cyanate  by  the  addition  of  an  excess  of  sulphuric  or  any  other 
strong  acid,  traces  of  it  only  are  obtained ;  a  brisk  effervescence 
ensues — each  atom  of  the  cyanic  acid  assimilates  the  elements  of 
water,  and  is  almost  entirely  resolved  into  i  atom  of  ammonia, 
which  remains  in  combination  with  the  acid  employed  in  decom- 
posing the  cyanate,  and  i  atom  of  carbonic  anhydride,  which 
escapes  with  effervescence : — 

Solphuio  PotMaio   *  Anunonio  PotMsio 

add.  cjuaate,  Balph»te.  ralphate. 


2H,S0^  +  2KCNO  +  aHjO  =  (H^N),SO^  +  K,SO^  +  aCO,. 

Cyanic  acid  may  be  otherwise  procured:  viz.,  by  distilling 
cyanuric  acid  (H3C3N3O3),  which  is  a  crystallizable  acid  substance, 
I  atom  of  which  contains  exactly  the  same  elements  as  3  atoms 
of  cyanic  acid.  When  this  compoimd  is  sealed  up  in  a  bent  glass 
tube,  one  limb  of  which  is  kept  cool  whilst  heat  is  applied  to  the 
cyanuric  acid  in  the  other  limb,  a  limpid,  colourless  liquid  distils 
over  and  is  condensed.  The  cyanuric  acid  is  thus  wholly  con- 
verted into  pure  cyanic  acid.  Cyanic  acid  in  its  turn  may  be 
converted  into  the  cyanuric,  for  if  potassic  cyanate  be  decomposed 
by  the  addition  of  two-thirds  its  equivalent  of  acetic  acid,  an  acid 
cyanurate  of  potassium  (KH2C3N3O3)  is  formed. 

Cyanic  acid  has  an  extremely  pimgent  odour,  and  is  very  vola- 
tile ;  its  vapour  attacks  the  eyes  powerfully,  and  when  liquid  it 
acts  as  a  powerful  caustic  if  incautiously  dropped  upon  the  skin. 
It  is,  however,  impossible  to  preserve  this  compound,  for  in  the 
course  of  a  few  hours  it  changes  spontaneously,  with  evolution  of 
heat,  into  a  white  enamel-like  mass,  which  is  permanent  in  the 
air,  insoluble  in  water,  and  destitute  of  acid  properties.  To  this 
body  the  name  of  cyamelid  has  been  given ;  it  has  the  same  cen- 
tesimal composition  as  the  cyanuric  and  cyanic  acids.  Cyamelid 
may  also  be  obtained  by  triturating  potassic  cyanate  with  crystal- 
lized oxalic  or  tartaric  acid,  and  washing  out  the  soluble  salt  of 
potassium.  It  may  be  converted  by  heat  into  cyanic  acid ;  and 
if  boiled  with  a  solution  of  potash^  gradually  yields  tTvi^tAas\.Q. 
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cyannrate ;  oil  of  yitriol  decomposes  it  into  carbonate  of  anmio^ 
ninm.  A  solution  of  cyanic  acid  in  water  qnickly  becomes  de- 
composed into  ammonic  carbonate  and  urea  (CH^N^O)  :— 

HCNO  +  H,0=COs+HjN;  and  HCNO  +  HjNrrCH^NjO. 

The  cyanic  is  a  monobasic  acid.  Solutions  of  tbe  soluble 
cyanates  gi?e  white  precipitates  with  solutions  of  mercoroos  salts 
as  well  as  with  those  of  the  salts  of  lead  and  of  silver ;  they  yield 
no  precipitate  with  solution  of  corrosive  sublimate,  or  with  the 
solutions  of  salts  of  iron  or  of  tin.  With  cupric  nitrate  they 
give  a  greenish-brown  precipitate,  and  with  auric  chloride  a  brown 
precipitate. 

(505)  FuLMiNic  Acid. — Besides  the  remarkable  oxides  of' 
cyanogen  already  mentioned,  there  is  another  acid  which  yields 
on  analysis  the  same  per-centage  of  its  components  as  cyamelid, 
and  the  cyanic  and  cyanuric  acids,  though  it  possesses  propertiei 
totally  different  from  any  of  them.  Its  compounds  explode  with 
fearful  violence.  By  dissolving  50  mgrms.  of  silver  in  i  gramme 
of  nitric  acid  diluted  with  about  2*5  grms.  of  alcohol,  the  new 
compound  is  deposited  in  crystals,  which,  when  dry,  detonate 
with  the  slightest  friction;  they  consist  of  Ag^C^N^Oj.  The 
reaction  by  which  this  salt  is  produced  is  complicated  ;  the 
nitrogen,  however,  is  derived  from  the  nitric  acid,  and  the  carbon 
from  the  alcohol. 

Fulminic  acid  has  not  been  obtained  in  an  isolated  form ;  on 
attempting  to  separate  it  from  its  salts  by  a  more  powerful  add, 
it  is  resolved  into  hydrocyanic  acid  and  other  bodies.  Allusicm 
will  again  be  made  to  the  fulminates  when  other  compounds  of 
cyanogen  are  described  among  the  products  of  organic  chemistry. 

When  the  fulminates  are  boiled  with  a  solution  of  sodic  or 
potassic  chloride,  the  acid  is  converted  into  another  isomeric  com- 
pound, termed  isocyanuric  or  fulminuric  acid.  This  body  is  bat 
very  slightly  explosive. 

(506)  Isomerwn, — The  properties  of  these  oxides  of  cyanogen 
serve  to  show  clearly  that  mere  identity  in  ultimate  compositiiHi 
is  not  sufficient  to  produce  identity  of  chemical  character  or  pro- 
perties ;  they  place  the  doctrine  of  isomerism  (or  the  existence  of 
compounds  identical  in  ultimate  composition,  but  different  in 
chemical  properties)  in  a  striking  point  of  view.  Numerous 
other  instances  will  occur  as  we  pursue  further  the  study  of  the 
different  compounds,  not  only  of  cyanogen,  but  of  other  bodies,  and 
particularly  of  those  which  form  the  subject  of  organic  chemistry. 

There  are  various  forms  of  isomerism  ,*  in  some  cases  we  have 
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no  clue  to  the  probable  differences  of  molecular  arrangement :  in 
others  there  is  every  reason  to  suppose  that  the  arrangement  of 
the  elementary  molecules  is  on  a  totally  different  plan  in  the  two 
bodies  which  are  compared.  Cyanic  acid^  for  instance^  may  be 
represented  as  hydric  cyanate  (H^CNO) ;  whilst  it  is  certain  that 
in  cyamelid,  which  is  insoluble^  and  presents  nothing  of  the  acid 
character^  the  arrangement  of  its  constituents  is  quite  different. 
Isomeric  compounds^  the  equivalent  numbers  of  which  are  iden- 
tical^ but  of  which  the  proximate  constituents  are  different  (like 
formic  ether  [CgHg^CHOJ  and  methylacetic  ether  [CHj,Cj,HjOJ), 
are  said  to  be  metamerici  In  other  cases^  the  differences  in  the 
properties  of  bodies  which  contain  equal  amounts  of  their  con- 
stituents in  ICO  parts^  may  be  simply  explained  upon  the  suppo- 
sition that  in  the  different  compounds  the  state  of  condensation 
of  these  elements  is  different ;  bodies  supposed  to  be  thus  consti- 
tuted have  been  termed  poh/merie. 

The  following  table  contains  a  Ust  of  several  different  poly- 
meric compounds  of  carbon  and  hydrogen  which  contain  these 
two  elements  in  the  proportion  of  i  atom  of  carbon  to  a  atoms 
of  hydrogen.  Each  of  these  bodies^  however^  possesses  properties 
peculiar  to  itself :  and  if  equal  volumes  of  the  vapour  of  each 
be  compared,  it  will  be  found  that  the  elements  have  undergone 
different  degrees  of  condensation  in  the  different  compounds.  As 
the  density  of  the  vapour  increases^  it  has  been  observed  that  the 
boiling-point  of  such  as  are  liquid  rises  proportionately.  Sup- 
posing that  one  molecule  of  each  compound  gives  off  2  volumes 
of  vapour^  the  formulae  will  be  such  as  are  contained  in  the 
subjoined  table : — 


BobltMlfWII 

Formalft. 
Hoi.  vol.  B 

1 ;  ; 

Denaitj  of  Tmpoar. 

Boiling  point. 

Obserred. 

CalooUied. 

«c. 

**¥, 

Olefiant  gaw  (ethylene)     ... 
Propylene  (tritylene) 
Oii  gas  (tetrylene) 

Amylene 

Caproylene  (hezylene)     ... 

Heptylene 

Octyleue 

Eleene  (nonylene) 

Paramylene          

Cetylene 

Cerotylene            

Melissylene          

C,H«           0-978 
C,H,          1-498 
C^H,           1-853 
C.H„         a-286 
C.H.,         r§75 

C.H,«         390 
C,H„         448 

c„in,     §-061 

C„H„        8-007 

0-967 

1*451 
'•934 
2-418 

2*902 

i^. 

4836 

773<5 
12-159 

14508 

-18 

39 

50? 
"5 

160 
375 

0 
102 

122  P 
357 

330 
537 

In  this  series,  oil  gas  has  double  the  density  of  ethylene,  vsA 


294  PARACTANOOEN — CHLORIDES   OF   CYANOGEN. 

hence  it  must  contain  in  the  same  volume  of  vapour  twice  as 
many  elementary  atoms.  In  like  manner  octylene  contains  twice 
as  many  atoms  as  oil  gas^  and  four  times  as  many  as  ethylene ; 
cetylene^  again^  contains  double  the  number  of  atoms  of  carbon 
and  hydrogen  in  the  same  volume  of  vapour  as  octylene. 

(507)  Pi.BACTANOOBN  (C,N,  P). — The  ordinary  operation  of  prepanng 
cyanogen  gas  from  mercuric  cyanide  affords  a  g^ood  illustration  of  pdymorie 
isomerism.  After  the  mercury  and  the  cyanogen  have  been  expelled  from  the 
glass  retort,  there  always  remains  a  certain  quantity  of  a  brown  matter,  com- 
posed  of  nitrogen  and  carbon,  combined  in  the  same  proportions  as  in  cyanogen. 
Paracyanogen,  as  this  brown  body  is  called,  is  insoluble  in  water :  it  is  neither 
volatile  nor  fusible,  but  like  cyanogen  it  enters  iuto  combination  with  other  de* 
roentary  bodies,  though  the  composition  of  the  compounds  so  formed  has  been  at 
yet  but  imperfectly  studied. 

In  paracyanogen  the  carbon  and  nitrogen  are  more  condensed  than  in  cyano- 
gen ;  so  that  if  we  regard  cyanogen  as  composed  of  CN,  paracyanogen,  according 
to  the  experiments  of  Johnston,  would  consist  of  C,N,,  its  combining  number 
being  three  times  that  of  cyanogen,  and  the  elements  which  compose  it  being 
more  compactly  united. 

(508)  Chlobides  of  CYi.NoaEN. — Chlorine  forms  with  cyanogen  three 
polymeric  compounds,  all  of  which  are  highly  poisonous :  one  is  gaseous  at  the 
ordinary  temperature  of  the  air ;  the  second  is  liquid,  and  the  third  is  solid. 

The   Oaseaus    Chloride  of  cyanogen;     Cyanic   chloride   (CyCl  =  6l*5; 

BeL  wt,  3075 ;  Theoretic  Sp,  Gr.  2*126 ;  MoL  Vol.  rr~i )  is  colourless  :  it  has 

an  intolerably  pungent  odour,  and  irritates  the  eyes  powerfully ;  at  0°  ( —  17^*8  C.) 

it  condenses  in  long  prismatic  needles,  which  fuse  at  5°  (~  15^  C).      Two 

volumes  of  the  gas  contain  1  volume  of  chlorine  and  i  of  cyanogen,  united 

without  condensation,  so  that  its  composition  may  be  thus  represented  : — 

By  weight.  By  yolume.         Sp.  gr. 

Cyanogen  Cy  ^  36    or*  42*28        i  or  0*5  ^  0*900 

Chlorine CI    =  35*5      5772         i        0*5  =  1*226 

Cyanic  chloride CyCl  =  61*5     loo'oo        2        I'o  =  2*126 

Gaseous  cyanic  chloride  is  freely  soluble  in  water,  in  ether,  and  in  alcohol ; 
the  solution  has  no  acid  reaction,  and  does  not  precipitate  argentic  nitrate.  It 
is  obtained  readily  by  transmitting  a  current  of  chlorine  through  a  retort  con- 
taining a  mixture  of  powdered  mercuric  cyanide  and  water  cooled  to  3  2"^  (0°  C.) 
by  immersion  in  melting  ice :  the  cyanic  chloride  is  dissolved  by  the  water ; 
from  this  solution  it  may  be  expelled  by  the  application  of  a  gentle  heat,  and 
may  be  collected  over  mercury.  According  to  Persoz,  the  gaseous  cyanic  chloride, 
if  liquefied  under  the  pressure  of  its  own  vapour,  and  preserved  in  tubes  her- 
metically sealed,  becomes  gradually  converted  into  a  crystallized  mass  of  the  solid 
chloride. 

Liquid  Chloride  of  cyanogen  [Cy,Cl,  =  123  ;  Melting-pi,  19^*4  ( —  7**  C.) ; 
Boiling-pt  6o°'S  (16^  C.),]  is  procured  by  exposing  diluted  hydrocyanio  acid 
cooled  to  32°,  to  a  gentle  current  of  chlorine.  Alter  a  while,  a  stratum  of  a  liquid 
lighter  than  water  is  formed,  and  partially  distihi  over  into  the  receiver,  which 
must  be  kept  at  32^.  This  liquid  must  be  washed  with  ice-cold  water,  and  agi- 
tated in  a  freezing  mixture  with  mercuric  oxide  to  remove  the  excess  of  chlorine 
and  hydrocyanic  acid,  after  which  it  is  rectified  from  calcic  chloride  (Wurtz).  A 
very  mobile  colourless  liquid,  with  an  excessively  irritating  odour,  resembling 
that  of  the  gaseous  chloride,  is  thus  obtained ;   it  is  converted  into  a  crys- 
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talline  mass  at  19^4  ( —  7°  C).     Liquid  chloride  of  oyanogen  is  not  »olable  in 
water,  but  is  freely  soluble  in  alcohol. 

Solid  Chloride  of  cyanogen  (Cy,Cl,=  184*5) »  ^P'  ^*  ^  Vapour,  6*35  ; 
of  Solid,  1-32;  Melting-pt  284**  (140"  C);  Boiling-pt  374*  (190**  C); 
MoL  VoL  Cil^ii  ^l'  v)t  92*25. — This  substance  crystallizes  in  white  needles. 
It  has  a  disagreeable  odour  like  that  of  mice.  The  vapour  of  this  compound  is 
three  times  as  dense  as  that  of  the  gaseous  chloride,  it  therefore  contains  3 
volumes  of  chlorine  and  3  of  cyanogen  condensed  into  the  space  of  2  volumes. 
This  chloride  is  but  sparingly  soluble  in  water,  though  it  is  freely  taken  up  by 
alcohol  and  by  ether.  The  solid  cyanic  chloride  may  be  prepared  by  decompos- 
ing concentrated  hydrocyanic  acid  by  exposing  it  in  a  glass  vessel  with  an  excess 
of  diy  chlorine  to  the  direct  rays  of  the  sun. 

(508a)  Bromine  and  iodine  form  solid  crystalline  compounds  with  cyanogen, 
corresponding  in  composition  with  the  gaseous  chloride ;  they  may  be  obtained 
by  distilling  mercuric  cyanide  with  bromine  or  with  iodine. 

Cyanogen  combines  directly  with  sulphuretted  hydrogen  in  two  proportions 
if  the  two  gases  are  mixed  in  the  presence  of  moisture ;  the  first,  2CN,H,Sy 
forms  yellow  crystals  soluble  in  water,  alcohol,  and  ether ;  the  second,  2CN,2H,S, 
is  formed  when  cyanogen  with  an  excess  of  sulphuretted  hydrogen  is  transmitted 
into  alcohol :  it  forms  orange-red  crystals  sparingly  soluble  in  cold  water,  but 
freely  soluble  in  hot  water,  in  alcohol,  and  in  ether.  When  these  compounds  are 
boiled  with  dilute  alkalies,  water  is  taken  up,  and  oxalic  acid,  ammonium,  and 
sulphuretted  hydrogen  are  formed ;  the  second  compound  corresponding,  in  fact, 
to  oxamide  in  which  sulphur  has  taken  the  place  of  oxygen ;  for  example, 
C,N,H^8,  +  4H,0  =  (H^N),C,0^  +  2H,S.  As  will  be  seen  hereafter,  cyanogeii 
is  the  nitrile  of  oxalic  acid. 

(509)  There  are  other  important  compounds  of  cyanogen^  the 
consideration  of  which  will  be  more  advantageously  pursued  at  a 
future  period ;  it  will  be  sufficient  at  this  point  to  indicate  some 
of  their  leading  chemical  peculiarities. 

Cyanogen^  as  we  have  seen^  enters  into  combination  with  the 
non-metallic  elements  as  though  it  were  itself  an  elementary  body. 
In  this  manner  bodies  such  as  the  chlorides^  the  bromides^  and 
the  iodides  of  cyanogen  may  be  obtained ;  they  form  well-defined 
compounds^  which  do  not  exhibit  any  special  tendency  to  unite 
with  other  elements.  In  other  cases^  however,  it  is  important  to 
observe  that  many  of  the  compounds  to  which  cyanogen  gives  rise 
are  themselves  endowed  with  the  property  of  uniting  again,  as 
though  they  were  simple  bodies,  with  other  elements.  With 
sulphur,  for  example,  cyanogen  forms  a  sulphide  (CNS),  capable, 
in  combination  with  the  metals,  of  performing  the  part  of  a  com- 
pound radicle,  usually  termed  aiUphocyanogen  (Scy),  and  of  pro- 
ducing a  series  of  salts,  termed  sulphocyanides,  many  of  which 
may  be  crystallized :  of  this  potassic  sulphocyanide,  KCNS  or 
K,Scy,  furnishes  an  instance.  Similar  compound  radicles  are 
furnished  also  by  the  union  of  cyanogen  with  many  of  the  metals 
themselves;  in  this  way  iron  in  the  ferroq/anides  and  cobalt 
and  chromium  in  the  cobaUiq/anides  and  cAromtq/anides  formA  ^ 
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compound  group^  or  salt  radicle^  irhich^  when  it  nnites  in  its 
turn  with  other  metals^  performs  the  functions  of  a  simple  body, 
such  as  chlorine  or  iodine :  an  example  of  this  is  seen  in  the 
well-known  yellow  prussiate  of  potash^  or  potassic  ferrocymnide, 
(K^FeCy^),  in  which  the  compound  of  iron  and  cyanogen,  ^^^r 
may  be  viewed  as  a  compound  radicle  known  dAferrocyanogen  (Fey). 

§  Y.  General  Remarks  on  the  Discrimination  of  thb 

Gases  from  each  other. 

(510)  Having  now  described  all  the  gaseous  compounds  which 
are  of  any  considerable  importance,  with  the  exception  of  two — 
viz.,  arseniuretted  hydrogen  and  antimoniuretted  hydrogen, — it 
will  be  advantageous  to  take  a  brief  review  of  their  general 
characters  before  passing  to  the  consideration  of  the  metals  and 
their  compounds.* 

There  are  about  30  bodies  which  are  permanently  gaseous  at 
the  mean  temperature  of  the  atmosphere.  Several  of  these  com- 
pounds are  met  with  in  the  uncombined  form  in  the  atmospherei 
either  uniformly,  or  under  particular  circumstances  not  of  unfre- 
quent  occurrence ;  these  gases  are  oxygen,  nitrogen,  carbonic  and 
sulphurous  anhydrides,  hydrosulphuric  acid,  ammonia,  and  occa- 
sionally carbonic  oxide  and  light  carburetted  hydrogen.  Gene- 
rally speaking,  the  different  gases,  when  pure,  are  readily  dis- 
tinguished from  each  other  by  some  well-marked  physical  or 
chemical  property.  The  few  gases  which  are  coloured  are  at 
once  indicated  by  the  peculiarity  of  their  tint,  conjoined  with 
their  characteristic  odour :  in  this  manner  peroxide  of  nitrogen, 
chlorine,  hypochlorous  and  chlorous  anhydride,  peroxide  of 
chlorine,  and  vapour  of  bromine  are  at  once  recognized. 

Many  gases  have  a  peculiar  and  characteristic  odour.  Some 
of  the  most'  important,  however,  including  oxygen,  nitrogen, 
hydrogen,  carbonic  anhydride,  carbonic  oxide,  light  carburetted 
hydrogen,  defiant  gas,  and  nitrous  oxide  possess  little  or  no.  odonr, 
and  require  other  means  for  discriminating  them  from  each  other. 

(511)  In  order  to  aid  the  operator  in  distinguishing  the 
different  gases  from  each  other,  Th^nard  divided  them  into  four 
groups,  the  arrangement   being  dependent  upon  the  action  of  a 


*  Methyl,  ethyl,  and  trityl,  with  their  hydrides,  as  well  as  tritylene  and 
acetylene,  are  occasionally  present  in  coal-gas,  but  they  will  not  here  be  speoialiy 
noticed,  because  these  hydrocarbons  cannot  be  distinguished  from  each  other 
except  by  analysis.  Acetylene  may  be  absorbed  by  passing  the  gas  which  ooo- 
tains  it  through  an  ammoniacal  solution  of  cupreous  chloride,  when  a  floooalent 
red  deposit  of  acetylide  of  copper  is  gradually  formed. 
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solution  of  potash  upon  them^  conjoined  with  the  occurrence  or 
the  absence  of  combustion  on  the  application  of  a  lighted  match 
to  the  gas.  The  action  of  potash  is  ascertained  by  admitting  a 
few  drops  of  a  solution  of  potash  into  a  test-tube  filled  with  the 
gas^  and  standing  over  mercury  :  on  agitating  the  contents  of  the 
tube,  it  is  immediately  obvious  whether  any  absorption  occurs. 
The  application  of  a  lighted  match  to  another  small  tube  filled 
with  the  gas  shows  whether  it  be  inflammable,  or  whether  it 
extinguishes  or  supports  combustion. 

The  four  groups  of  gases  which  are  formed  by  the  application 
of  these  tests  are  the  following : — 

1.  Gases  which  are  absorbable  by  potash,  but  which  are 

not  inflammable. 

2.  Gases  absorbable  by  potash,  but  which  are  inflammable. 

3.  Gases  not  absorbable  by  potash,  and  not  inflammable. 

4.  Grases  not  absorbable  by  potash,  which  are  inflammable. 
We  proceed  to  point  out  briefly  the  characters  of  the  compo- 
nents of  each  group. 

(512)   I. — Gases  which  are  absorbable  by  Potash,  but  are  not 
inflammable ;  these  are  15  in  number : — ^viz.. 


9.  Nitrous  anhydride 

10.  Peroxide  of  chlorine 

11.  Chlorous  anhydride 

12.  Hypochlorous  anhydride 

13.  Chlorine 

14.  Carbonic  anhydride 

15.  Cyanic  chloride. 


1.  Hydrochloric  acid 

2.  Hydrobromic  acid 

3.  Hydriodic  acid 

4.  Silicic  fluoride 

5.  Boric  fluoride 

6.  Boric  chloride 

« 

7.  Carbonic  oxydichloride 

8.  Sulphurous  anhydride 

Of  these  gases  each  of  the  first  eleven  reddens  litmus-paper, 
when  moistened  and  plunged  into  it.  Hypochlorous  anhydride 
and  chlorine  destroy  its  colour,  and  bleach  it  entirely.  Carbonic 
anhydride  is  nearly  without  action,  and  cyanic  chloride  produces 
no  effect  upon  its  colour.  The  first  six  gases  fume  strongly 
when  mixed  with  the  air,  owing  to  their  action  on  the  moisture 
which  it  contains :  the  solutions  in  water  of  hydrochloric,  hydro- 
bromic, and  hydriodic  acids  are  immediately  distinguished  by  the 
usual  tests  for  them.  Each  gas  also  presents  certain  peculiarities 
— \iz.y  I. — ^A  small  quantity  of  chlorine  produces  no  change  in 
the  hydrochloric  gas ;  2. — In  hydrobromic  gas  it  occasions  the 
separation  of  red  fiimcs  of  bromine ;  and  3. — In  the  hydriodic 
gas  violet  fumes  of  iodine  appear.  4. — Silicic  fluoride  is  recog- 
nized by  the  gelatinous  deposit  of  silica  which  water  produces 
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when  the  gas  is  dissolved  in  this  liquid.  5. — Boric  fluoride  pro- 
duces a  gelatinous  precipitate  in  a  solution  of  potash^  but  not  in 
pure  water.  6. — Boric  chloride  is  decomposed  by  water  into 
hydrochloric  and  boracic  acids^  which  may  be  recognized  in  the 
solution  by  the  appropriate  tests.  7. — Carbonic  oxydichloride 
has  a  peculiar^  pungent  odour,  and  is  decomposed  by  water  into 
hydrochloric  acid  and  carbonic  anhydride.  8. — Sulphurous  anhy- 
dride is  immediately  recognized  by  the  suffocating  odour  of  a 
burning  sulphur  match :  it  is  absorbed  by  the  peroxide  of  lead, 
and  a  white  plumbic  sulphate  is  formed.  9. — ^Nitrous  anhydride 
is  sufficiently  characterized  by  its  colour  and  peculiar  odour :  and 
,0,  the  «unl  may  be  ren^arked  of  peroxide  of  chlorine.  »._ 
Chlorous  anhydride  has  a  greener  tinge  than  the  peroxide  of 
chlorine,  and  it  yields  a  bright  yellow  solution  when  dissolved  in 
water.  12. — Hypochlorous  anhydride  has  the  odour  of  the 
bleachiog  compounds  of  chlorine  with  the  alkalies  and  earths, 
and  it  rapidly  destroys  vegetable  colours :  these  three  oxides  of 
chlorine  detonate  by  the  application  of  a  temperature  below  that 
of  boiling  water.  13. — Chlorine  is  distinguished  by  its  green 
colour  and  remarkable  odour,  by  its  bleaching  action  on  vegetable 
colours,  and  by  its  sparing  solubility  in  water,  which  takes  up 
about  twice  its  bulk  of  the  gas.  14. — Carbonic  anhydride  extin- 
guishes flame,  renders  lime-water  turbid,  and  is  soluble  in  about  its 
own  bulk  of  water.  15. — Cyanic  chloride  is  recognized  by  its 
pimgent  odour,  and  its  peculiar  irritating  effect  on  the  eyes. 

(513)  2. — Gases  absorbable  by  Potash  and  inflammable;  these 
are  only  4  in  nimiber : — viz., 


I.  Sulphuretted  hydrogen 
a.  Seleniuretted  hydrogen 


.3.  Telluretted  hydrogen 
4.  Cyanogen. 


These  gases  are  recognized  with  great  facility,  i. — Sulphu- 
retted hydrogen  has  a  peculiar  odour  of  putrid  eggs ;  it  bums  with 
a  blue  flame,  often  attended  with  a  deposit  of  sulphur :  it  blackens 
paper  soaked  in  a  solution  of  plimibic  acetate,  and  is  decomposed 
by  moist  chlorine,  with  separation  of  sulphur ;  water  dissolves 
about  twice  its  bulk  of  the  gas.  2. — Seleniuretted  hydrogen  has 
an  odour  analogous  to  that  of  the  preceding  gas ;  its  aqueous 
solution  gradually  deposits  selenium  in  the  form  of  a  red 
amorphous  precipitate :  it  precipitates  salts  of  zinc  of  a  flesh-red 
colour.  3. — ^Telluretted  hydrogen  is  also  decomposed  by  chlonne^ 
tellurium  being  set  free^  and  subsiding  as  a  brown  powder. 
4. — Cyanogen  bums  with  a  rose-edged  purple  flame ;  it  has  a 
penetrating   characteristic    odour.       If   mixed  with   an    equal 
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volume  of  oxygen^  and  a  red-hot  platinum  wire  be  suspended  in 
the  mixture^  red  nitrous  fumes  are  produced  hj  the  oxidation  of 
the  nitrogen  contained  in  the  gas. 

(514)  3. — Gases  not  absorbable  by  Potash,  and  not  inflammable; 
of  these  also  there  are  four — yiz., 


I.  Oxygen 

a.  Nitrous  oxide 


3*  Nitrogen 
4.  Nitric  oxide. 

I. — Oxygen  is  at  once  distinguished  from  all  other  gases  by 
its  property  of  kindling  a  glowing  match^  by  its  power  of  pro- 
ducing red  fumes  when  mixed  with  nitric  oxide,  and  by  its  inso- 
lubility in  water  when  agitated  with  it.  It  is  absorbed  by 
moistened  phosphorus;  by  a  solution  of  cupreous  oxide  in 
ammonia,  rendering  the  colourless  solution  deep  blue ;  and  by  a 
solution  of  pyrogallic  acid  in  potash,  the  mixture  becoming  of  an 
intense  bistre  colour.  Solutions  of  the  sulphides  of  the  alkali- 
metals  also  absorb  oxygen  rapidly.  2,  Nitrous  oxide,  .though  it 
rekindles  a  glowing  match,  is  dissolved  when  agitated  with  water. 
3. — Nitrogen  extinguishes  the  flame  of  burning  bodies ;  it  is  in- 
soluble in  water,  and  does  not  render  lime-water  turbid.  4. — 
Nitric  oxide  is  instantly  recognized  by  the  red  fumes  which  it 
occasions  when  mixed  with  air  or  free  oxygen ;  it  is  immediately 
absorbed  by  a  solution  of  ferrous  sulphate,  giving  the  liquid  a 
deep  brown  colour  when  oxygen  is  present. 

(515)  4- — Gases  not  absorbable  by  Potash,  which  are  inflam- 
mable ;  these  gases  are  7  in  number : — viz.. 


5.  Phosphuretted  hydrogen 

6.  Arseniuretted  hydrogen 

7.  Carbonic  oxide. 


1.  Hydrogen 

2.  Light  carburetted  hydrogen 

3.  Olefiant  gas 

4.  Oil-gas 

I. — Hydrogen  is  inodorous,  if  pure ;  it  bums  with  a  feebly 
luminous  flame,  and  if  mixed  with  half  its  volume  of  oxygen,  pro- 
duces water  either  by  the  transmission  of  an  electric  spark,  or  by 
the  action  of  a  ball  of  spongy  platinum,  a. — Light  carburetted 
hydrogen  bums  with  a  yellowish  flame ;  it  is  not  acted  upon  if 
mixed  with  chlorine  over  water  and  screened  from  light,  and  is 
not  dissolved  by  fuming  sulphuric  acid.  3. — Olefiant  gas,  when 
mixed  with  an  equal  volume  of  chlorine,  even  in  the  dark  becomes 
condensed  to  an  oily  liquid  which  is  insoluble  in  water ;  it  is  also 
absorbed  by  antimonic  pentachloride  and  by  the  Nordhausen 
sulphuric  acid :  it  bums  with  a  brilliant  smoky  flame.  4. — Oil- 
gas  is  soluble  in  oil  of  vitriol,  and  in  alcohol ;  it  bums  with  a  bril- 
liant smoky  flame.     When  the  last  two  gases  are  mixed  to^^>i\i*eX) 
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there  is  considerable  difficultj  in  identifying  the  existence  of  each 
in  such  a  mixture^  and  a  still  greater  difficulty  occurs  when  either 
acetylene  or  methyl,  ethyl,  trityl,  or  their  hydrides,  are  present. 
5. — Phosphuretted  hydrogen  is  distinguished  by  its  peculiar  alli- 
aceous odour :  it  bums  with  a  luminous  flame,  producing  white 
fumes  of  phosphoric  anhydride  ;  solutions  of  the  salts  of  copper, 
silver,  and  mercury  dissolve  it  and  form  brown  precipitates.  6. — 
Arseniuretted  hydrogen  is  decomposed  if  passed  through  glass 
tubes  heated  nearly  to  redness,  a  ring  of  arsenicum  being  de- 
posited :  it  bums  with  a  peculiar  white  flame,  and  deposits  a 
brown  stain  of  arsenicum  on  cold  bodies  introduced  into  the  burn- 
ing jet.  It  is  extremely  poisonous,  and  has  a  peculiar  odour  of 
garlic.  It  may  be  distinguished  fix)m  antimoniuretted  hydrogen 
by  methods  to  be  described  hereafter  (846).  7. — Carbonic  oxide 
bums  with  a  pale  blue  flame,  producing  carbonic  anhydride ;  it  is 
insoluble  in  water,  and  is  dissolved  by  a  solution  of  cupreous 
chloride  in  hydrochloric  acid. 

(516)  General  Principles  of  the  Analysis  of  a  Mixture  of  Gases, 
— In  a  mixture  of  gases  a  qualitative  examination  must  be  made 
as  a  preliminary  step,  in  order  to  ascertain  what  gases  are  present. 
It  is  of  course  needless  to  search  for  those  which  condense  or 
decompose  each  other.  Ammonia,  for  example,  would  not  be 
found  in  a  mixture  which  contained  hydrochloric,  hydriodic,  or 
hydrobromic  acid  gases,  nor  in  the  presence  of  sulphurous  or 
nitrous  anhydrides.  Oxygen  would  not  occur  in  a  mixture  in 
which  nitric  oxide  was  present.  Neither  could  free  chlorine  or 
its  oxides  co-exist  with  hydriodic  or  hydrobromic  acid,  nor  with 
defiant  gas,  nor  with  the  compounds  of  hydrogen  with  sulphur, 
selenium,  tellurium,  phosphorus,  or  arsenic :  chlorine  and  its  oxides 
are  equally  incompatible  with  ammonia. 

The  complete  analysis  of  a  mixture  of  diflerent  gases  is  one  of 
the  most  delicate  and  difficult  branches  of  chemical  analysis,  and 
it  is  not  intended  on  the  present  occasion  to  attempt  to  give  more 
than  an  idea  of  the  principles  on  which  such  an  operation  is  con- 
ducted, and  of  the  apparatus  by  which  it  is  efiected. 

As  an  illustration  of  the  method  of  proceeding  we  may  take  a  case  of  fine- 
quent  occurrence :  viz.,  the  determination  of  the  composition  of  a  sample  of  coal- 
gas.  In  this  gas,  the  ingp^ients  which  may  be  present  are  numerous.  These 
are — i,  hydrogen;  2,  olefiant  gas  and  other  heavy  hydrocarbons  ;  3,  light  oar- 
buretted  hydrogen ;  4,  carbonic  oxide ;  5,  carbonic  anhydride ;  6,  sulphuretted 
hydrogen ;  7,  ammonia;  8,  oxygen  ;  and  g,  nitrogen,  the  last  two  derived  from 
the  atmosphere. 

A  qualitative  examination  is  made  thus : — the  proportion  of  ammonia  and  of 
sulphuretted  hydrogen  is  usually  very  minute,  and  in  most  cases  these  gases  most 
be  sought  for  by  placing  the  tests  for  their  presence  for  some  time  in  a  currant 
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of  the  coal-gas.  In  searching  for  ammonia,  a  pieee  of  moistened  litmns-paper, 
feebly  reddened,  is  placed  for  a  minute  in  a  jet  of  the  issaing  gas :  if  the  bloe 
colonr  be  restored,  ammonia  is  present.  Paper  soaked  in  a  solution  of  plumbic 
acetate  may  be  subjected  to  a  similar  trial :  if  it  turn  brown,  sulphuretted 
hydrogen  is  present.  The  presence  of  oxygen  is  detected  by  admitting  a  bubble 
of  the  nitric  oxide  into  a  tube  filled  with  the  gas  under  trial,  and  looking  through 
the  tube  obliquely  upon  a  sheet  of  white  paper ;  very  small  traces  of  oxygen  may 
thus  be  detected  by  the  red  tinge  produced,  owing  to  the  formation  of  peroxide 
of  nitrogen.  Carbonic  anhydride  may  be  detected  by  the  turbidity  which  it  pro- 
duces in  lime-water  or  in  a  Bolution  of  basic  plumbic  acetate,  if  thrown  up  into 
the  gas,  whilst  standing  in  a  tube  over  mercury.  The  existence  of  the  other 
gases  may  be  assumed,  for  they  are  certain  to  be  present,  in  greater  or  less  quan- 
tity. The  sulphuretted  hydrogen  and  ammonia  are  too  small  in  amount  to  be 
quantitatiTely  determined ;  but  supposing  that  oxygen  and  carbonic  anhydride 
are  found  to  be  present,  the  propOTtion  of  seven  different  gases  will  remain  to 
be  ascertained.  The  following  method  may  be  adopted  for  their  quantitative 
determination  :— 

1.  Carbonic  Anhydride. — ^A  volume  of  the  gas  is  confined  over  mercury, 
and  its  bulk  is  measured,  with  due  attention  to  temperature  and  pressure.  A 
piece  of  caustic  potash  which  has  been  melted  upon  the  end  of  a  long  platinum 
wire,  to  serve  a^  a  handle,  is  introduced  from  below,  through  the  mercury  into 
the  tube.  Care  must  be  taken  that  the  wire  does  not  project  above  the  sur&ce 
of  the  mercury  in  the  trough,  otherwise  a  slow  process  of  diffusion  will  occur 
between  the  g^  in  the  tube  and  the  outer  air.  After  two  or  three  hours  the 
potash  is  withdrawn ;  the  amount  of  the  absorption  indicates  the  proportion  of 
carbonic  anhydride  which  was  present. 

2.  OUfiant  Qas  and  Seavy  Hydrocarbons, — ^These  gases  are  absorbed  by 
introducing  another  ball,  consisting  of  porous  coke  moistened  with  fuming  sul- 
phuric add.  It  is  necessary,  however,  before  reading  off  the  volume  of  the  gas, 
to  introduce  a  ball  of  potash  a  second  time,  in  order  to  withdraw  the  vapour  of 
sulphuric  anhydride,  which  possesses  sufficient  volatility  to  introduce  a  serious 
error  by  dilating  the  bulk  of  the  gas  unless  it  be  completely  removed.  The  total 
amount  of  absorption  will  indicate  the  proportion  of  olefiant  gas,  together  with 
the  vapours  of  condensible  hydrocarbons. 

3.  Oxygen. — ^This  gas  is  determined  in  a  similar  manner,  by  employing  a 
ball  of  moist  phosphorus,  which  must  be  left  in  the  gas  for  twenty-four  hours ; 
the  firesh  diminution  in  bulk,  shows  the  proportion  of  oxygen.* 

4.  Carbonic  Oxide, — The  accurate  separation  of  carbonic  oxide  from  th# 
other  gases  is  not  easily  effected.  The  gas  may  be  divided  into  two  portionsy 
one  of  which  is  to  be  carefully  measured  as  it  stands  over  mercury,  in  the  jar, 
k,  fig.  295,  p.  64 :  a  small  quantity  of  a  solution  of  cupreous  chloride  in  hydro- 
chloric add  is  next  added  by  means  of  the  syringe,  «,  and  the  mixture  is  briskly 
agitated  ;  the  gas  is  then  withdrawn  by  means  of  the  gas  pipette,  also  shown  in 
fig.  295,  and  trans£9rred  by  its  means  to  a  second  graduated  tube,  also  standing 
over  mercury ;  into  this  tube  a  ball  of  caustic  potash  on  the  end  of  a  platinum 


*  A  ball  of  coke  moistened  with  a  concentrated  solution  of  potash  and  pyro- 
gallic  add  may  be  employed  for  the  same  purpose :  the  absorption  in  this  case  is 
much  more  rapid. 

The  use  of  pellets  of  appropriate  materials  may  be  extended  to  other  gases : 
for  example — Sulphurous  anhydride  may  be  absorbed  by  using  a  ball  of 
moistened  peroxide  of  manganese,  or  of  peroxide  of  lead ;  and  hydrochloric  acid 
is  rapidly  absorbed  by  a  ball  consisting  of  crystallized  rhombic  hydrodisodia 
phosphate. 
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wire  is  introduced,  for  ihe  purpose  of  absorbing  the  yapours  of  hydrooblorieacid 
with  which  the  gas  is  saturated ;  its  bulk  may  then  be  read  off,  and  the  Tolame 
of  carbonic  oxide  may  be  known  by  the  loss  in  bulk  which  it  has  ezperi^iced. 

The  absorption  of  gases  by  liquid  reagents  is  much  more  rapid  than  when 
moistened  balls  are  employed,  and  provided  that  only  very  small  volames  of 
liquid  are  used,  the  results  are  equally  accurate.  Carbonic  anhydride  may  be 
thus  absorbed  by  means  of  a  concentrated  solution  of  caustic  potash,  one  or  two 
drops  of  which  will  suffice;  and  oxygen  may  be  withdrawn  by  a  concentrated 
mixture  of  pyrogallic  acid  and  caustic  potash. 

j,  6,  7.  Nitrogen,  Carhuretted  Hydrogen,  and  Hydrogen. — The  determi- 
nation of  the  carbonic  oxide,  however,  may  be  effected  along  with  the  carhuretted 
hydrogen  and  hydrogen  without  having  recourse  to  absorption.  Let  a  portion 
of  the  gas  in  which  the  carbonic  oxide  is  still  present  be  now  transferred  to  a 
siphon  eudiometer  (fig.  290,  p.  54),  and  let  its  bulk,  V,  be  accurately  measured ; 
then  add  about  twice  its  volume  of  oxygen,  and  measure  the  gas  a  second  time; 
let  this  bulk  be  F^ ;  V^—V  will  give  the  volume  of  oxygen  which  haa  been 
added.  Let  F,  be  the  bulk  of  the  gas  after  the  mixture  has  been  exploded  by 
the  transmission  of  the  electric  spark :  F^  —  F^  indicates  the  diminution  in  bulk 
which  it  has  experienced  :  call  this  a.  Then  inject  a  small  quantity  of  a  strong 
solution  of  potash,  and  again  note  the  volume,  F,.  The  absorption,  F,  —  F^ 
will  be  due  to  the  quantity  of  carbonic  anhydride  which  has  been  formed :  call 
this  6.  The  remaining  gas,  F,,  consists  of  oxygen  in  excess  and  nitrogen. 
The  quantity  of  oxygen  in  excess  is  ascertained  by  mixing  the  residual  gas  with 
about  twice  its  bulk  of  hydrogen,  and  causing  the  electric  spark  to  pass  a  seoond 
time.  Let  the  volume  of  the  mixture  before  firing  be  F^,  and  let  F,  be  the 
bulk  after  firing :  F>  —  F^  will  represent  the  amount  of  condensation ;  and  one- 

third  of  this,  or  ^  ^  *  will  be  due  to  the  excess  of  oxygen.  On  deduetiug  this 
from  the  residue,  F,  the  difference  gives  the  volume  of  nitrogen,  «; 
V^  — ^— ^  =  n.  The  difference  between  the  amount  of  the  oxygen  thus  found 
to  be  in  excess,  and  that  originally  introduced,  will  of  course  represent  the 
quantity  of  oxygen  consumed  :  call  this  c :  thus  F^  —  F *^^  =  c. 

Assuming  that  the  temperature  of  the  gas  has  not  varied  in  the  course  of 
the  experiment,  which  may  be  ensured  by  due  precautions,  we  have  now  all  the 
data  for  calculating  the  proportions  of  carhuretted  hydrogen,  of  hydrogen,  and  of 
carbonic  oxide,  which  are  present  in  the  mixture. 

Let  X  represent  the  quantity  of  light  carhuretted  hydrogen ;  this  gas  requires 
twice  its  own  volume  of  oxygen  for  complete  combustion,  and  furnishes  its  own 
volume  of  carbonic  anhydride,  which  requires  for  its  formation  an  equal  volume 
of  oxygen,  or  half  the  amount  consumed ;  whilst  the  other  half  of  the  oxygen  is 
required  by  the  hydrogen  which  is  condensed  in  the  form  of  water ;  2x  will  con- 
sequently represent  the  diminution  in  bulk  of  oxygen  which  occurs  on  detonation, 
due  to  the  amount  of  carhuretted  hydrogen  which  is  present. 

Again,  when  hydrogen  is  converted  into  water,  it  requires  half  its  bulk  of 
oxygen,  and  both  are  condensed  entirely.    If  y  represent  the  bulk  of  the  hydrogen, 

-^  will  be  the  diminution  in  bulk  of  the  mixed  gases  on  detonation,  whidi  is 
occasioned  by  the  hydrogen  in  the  mixture. 

Let  z  represent  the  volume  of  carbonic  oxide  present ;  carbonic  oxide  for  its 
conversion  into  carbonic  anhydride  requires  half  its  bulk  of  oxygen,  the  carbonic 

anhydride  produced  occupying  the  same  bulk  as  the  carbonic  oxide,     -j  will 

therefore  indicate  the  condensation  which  occurs  on  firing  the  mixture,  owing  to 
the  carbonic  oxide  present. 

The  total  condensation  in  bulk,  a,  which  occurs  on  firing  a  mixture  of  light 
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cArboretted  hydrogen^  hydrogen,  and  carbonic  oxide,  will  consequently  admit  of 
being  thun  represented  :— 

(i)         a=2  a:  +  3y  4. «. 

2       a 

farther,  the  quantity  of  the  carbonic  anhydride,  b,  formed  by  the  detonation,  is 
composed  of  a  volume  of  carbonic  anhydride  equal  in  bulk  to  the  light  earburetted 
hydrogen,  and  a  volume  equal  to  that  of  the  carbonic  oxide,  so  that  the  total 
quantity  of  carbonic  anhydride  may  be  thus  indicated : — 

(a)  j5=«-|-«. 

And  lastly,  the  oxygen  consumed,  e,  will  be  composed  of  the  following  quantities : 
by  light  earburetted  hydrogen,  twice  its  bulk,  2  « ;  by  hydrogen,  half  its  bulk, 

^ ;  and  by  carbonic  oxide  half  its  bulk,  ~ ;  or  the  total  quantity  of  oxygen  con- 
sumed will  be  the  following  :•— 


a      a 
From  these  three  equations  the  values  of  x,  y,  z  are  determined  :«- 


(3)  ez^2X  +  ^  +  t. 

a      a 


«  =    c-  — ! — ; 
3 

y=  «-  <?       i 

g  ^    ^c 

3 

Minute  directions  for  the  analysis  of  various  ^^aseous  mixtures  are  given  by 
Begnault  in  the  fourth  volume  of  his  Caurs  JEldmentaire  de  Chimie,  which 
contains  a  description  of  a  form  of  eudiometer  well  adapted  for  accurate  experi- 
ments; this  eudiometer  has  been  advantageously  modified  by  Frankland  and 
Ward  (Q.  tT.  Chem,  80c.  vi.  197).  Bunsen  has  also  introduced  very  important 
improvements  into  the  manipulation  and  apparatus  required  for  the  analysis  of 
gases,  which  are  fully  detailed  in  his  Oasometry,  tranrtlated  by  Roscoe  («m  also 
the  article  on  Eudiometry,  in  Liebig  and  PoggendorflTs  Handworterbuek  der 
CkenUe,  voL  ii.) ;  and  the  modes  of  manipulation  have  been  still  further  simpli- 
fied by  Williamson  and  Russell. 


CHAPTER  XL 
B.  Second  Division. — ^The  Metals. 

§  I. — General  Properties  of  the  Metals. 

(5^7)  Oeneral  Characters  of  the  Metals. — ^The  metals^  as  a 
class^  are  characterized  by  a  peculiar  lustre  termed  the  metallic 
lustre.  They  are  possessed  of  a  high  degree  of  opacity^  and  are 
good  conductors  both  of  heat  and  electricity.  Some  of  them  are 
also  endowed  with  the  properties  of  ductility^  or  fitness  for  drawing 
into  wire^  and  of  malleability^  or  extensibility  under  the  hammer. 
Many  of  them  have  a  high  specific  grayity.    Whenflepaxai&d.ixoTQL 
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their  compounds  by  electrolytic  action^  they  appear  at  the 
node^  or  negative  wire  of  the  voltaic  battery. 

These  properties  are  not  developed  equally  in  all  the  metals; 
in  some  metals  one  or  more  of  them  may  be  wanting  altogether : 
and  there  are  other  substances^  not  metallic  in  their  nature,  in 
which  some  of  these  characters  are  strongly  dispkyed. 

(518)  Lustre,  Opacity ,  and  Colour. — Although^  when  polishedi 
all  metals  present  the  lustre  termed  metallic,  yet  most  of  them 
may  be  obtained  by  minute  subdivision  in  a  form  devoid  of  lustre. 
Iron,  copper,  platinum,  gold,  silver,  and  even  mercury,  may  be 
readily  procured  in  this  condition  by  processes  to  be  mentioned 
hereafter. 

If,  however,  these  metallic  powders  be  subjected  to  pressure 
under  the  burnisher,  a  suj£cient  approximation  of  their  partideB 
is  produced  to  render  them  capable  of  reflecting  light,  and  the 
metallic  lustre  reappears.  This  property  admits  of  being  applied 
in  the  fine  arts ;  for  instance,  it  is  possible  to  make  copies  of 
medals  or  ancient  coins,  by  employing  finely-divided  copper,  which 
is  introduced  with  the  medal  into  a  mould :  by  submitting  it  to 
pressure,  an  exact  copy  of  the  medal,  with  a  beautifully  polished 
surface,  is  obtained :  the  copy  is  then  strongly  heated,  care  being 
taken  to  exclude  atmospheric  air :  during  the  ignition  the  oopy 
shrinks  a  little  in  all  directions,  but  a  fac-simile  is  formed,  whid 
is  extremely  distinct,  though  reversed,  and  a  little  smaller  than 
the  original. 

Bodies  which  are  not  metallic  occasionally  assume  a  brilliant 
surface  like  the  metals.  Iodine,  which  in  all  its  chemical  relattons 
is  directly  opposed  to  the  metals,  yet  possesses  a  strong  lustre; 
the  same  thing  is  observable  in  a  form  of  carbon,  termed  by  the 
workman  kiahy  which  escapes  from  the  vent-holes  of  the  moulds 
during  the  process  of  casting  iron.  The  native  form  of  carbon, 
known  as  graphite  or  plumbago,  has  received  its  popular  name  of 
black-lead  from  its  metallic  appearance. 

Metals  are  among  the  most  opaque  bodies  with  which  we  are 
acquainted :  but  their  opacity  is  not  perfect.  When  reduced  to 
exceedingly  fine  leaves,  a  portion  of  light  is  transmitted;  for 
example,  pure  gold,  of  not  more  than  7-o-?rlTnny  inch,  or  o'"*°*"ooooi25 
thick,  allows  a  green  light  to  pass. 

The  colour  of  the  reflected  light  varies  with  the  nature  of  the 
metal.  In  most  cases  it  is  nearly  white,  with  a  shade  peculiar  to 
each  metal :  the  tints  of  silver,  platinum,  tin,  cadmium,  and  palla^ 
dium,  are  nearly  alike ;  other  metals,  such  as  lead  and  zinc,  have 
s  Uuiah  colour;  others,  like  iron  and  arsenicum,  have  a  greyish 
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hue ;  calcium  and  barium  are  pale  yellow ;  gold  is  a  fiill  yellow ; 
and  copper  is  of  a  red  colour.  By  repeated  reflections  firom  the 
same  metal  a  distinct  colour  is  often  rendered  obvious^  though  it 
is  not  seen  upon  looking  at  the  polished  surface.  A  red  tint  may 
thus  be  made  evident  in  silver,  and  a  violet  tinge  in  steel. 

Some  of  the  metals  possess  a  characteristic  odour ;  iron,  tin, 
and  copper  emit,  on  friction,  a  smell  peculiar  to  themselves,  and 
arsenicum,  when  volatilized,  evolves  a  powerful  odour  of  garlic. 
The  taste  of  most  of  the  soluble  compoimds  of  the  metals  is 
astringent  or  acrid,  and  of  the  peculiar  kind  termed  metallic. 

(519)  Hardness,  Brittleness,  and  Tenacity. — Great  differences 
are  observable  between  the  hardness  of  the  dififerent  metals ;  steel 
may  be  rendered  hard  enough  to  scratch  glass,  while  lead  will 
take  impressions  fix)m  the  finger-nail,  and  potassium  may  be  spread 
like  butter.  Many  of  the  harder  metals  are  very  elastic  and 
sonorous  when  struck ;  but  these  properties  are  more  strikingly 
displayed  in  some  of  the  alloys,  or  compounds  of  the  metals  with 
each  other,  as  in  the  alloy  of  tin  and  copper  used  for  bells,  and 
in  the  combination  of  carbon  with  iron,  well  known  as  steel, 
which,  by  its  high  elasticity,  is  pre-eminently  qualified  for  the 
construction  of  the  springs  used  in  machinery. 

Closely  connected  with  the  hardness  are  the  brittleness  and 
the  tenacity  of  metals,  which  are  very  variable.  Some,  like  anti- 
mony,  arsenicum,  and  bismuth,  may  be  pulverized  without  diffi. 
culty  in  a  mortar,  while  others,  as  iron,  gold,  silver,  and  copper, 
require  great  force  to  eflect  their  disintegration.  The  brittleness 
of  some  of  the  metals  is  materially  affected  by  temperature. 
Zinc,  within  the  ordinary  atmospheric  range,  is  so  brittle  that  it 
cannot  be  bent  at  a  sharp  angle  without  danger  of  destroying  its 
cohesion,  while  if  heated  to  between  200°  and  300°  (or  from  about 
95°  to  150°  C.)  it  may  be  wrought  with  facility.  Brass,  an  alloy  of 
copper  and  zinc,  on  the  contrary,  becomes  brittle  at  temperatures 
approaching  to  redness,  but  while  cold  it  possesses  considerable 
malleability. 

Taking  the  tenacity  of  lead=i,  the  tenacity  of  the  different 
metals,  after  annealing,  will  be  represented  according  to  Wer- 
theim's  experiments  as  follows : — 

Silver     ....       8*9 
Platinum     .      .     .      13 
Palladium    ...      15 
Copper  ....     17 

Iron 26 

The  tenacity  of  the  metals  has  been  measured  by  fixing  firmly  m  a  ^Voa  ooft 


Lead  . 
Cadmium 
Tin      . 
Gold    . 
Zinc    . 


1*2 

5-6 
8 
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end  of  a  bar  or  wire  of  the  metal,  the  strength  of  which  is  to  be  ascertained,  and 
attaching  to  the  other  end  a  convenient  support  for  weights  which  are  cantiooslj 
increased  until  the  wire  breaks.  By  comparing  together  the  weights  required 
to  determine  the  rupture  of  the  different  metals  for  ban  of  equal  section,  a  oom* 
parative  table  of  tenacity  may  be  formed.  Various  droumstances  materially  m^ 
fluence  the  strength  of  the  same  metal  ;*  such  as  its  purity,  the  mode  in  wfaiok 
the  bar  has  been  prepared  (whether  by  casting,  by  forging,  or  by  wire-drawing), 
the  temperature  at  which  the  comparisons  are  made,  the  application  or  omiaaioe 
of  the  process  of  annealing,  and  the  manner  in  which  the  tension  has  been  ezefte^ 
whether  gradually  or  suddenly.  Different  observers,  in  consequence  of  opentiBg 
differently  in  some  one  or  other  of  these  respects,  have  obtained  results  whidi 
vary  from  each  other  considerably.  The  necessity  of  attention  to  these  points  will 
be  evident  on  examining  the  results  obtained  by  Wertheim  {Ann,  de  Ckimi^,  UL 
xii.  440),  who  has  given  an  elaborate  series  of  experiments  upon  the  tenacity  of 
different  metals,  the  most  important  of  which  are  embodied  in  the  following  tidiia 
1^  numbers  represent  the  weight  in  kilogrammes  which  a  bar  of  each  metal  of 
I  square  millimetre  in  section  would  support  without  breaking,  both  when  the 
strain  is  gradually  increased  and  when  suddenly  applied  :— 


M«tel  employed. 


Cast  steel,  drawn 

„         annealed ... 
Piano  wire  (steel)     ... 

„  annealed 

Iron  wire      ...         ••• 
„       annealed    ... 

Copper  wire 

„        annealed 
Platinum  wire 

„  annealed 

Palladium  wire 

„  annealed 

Silver  wire    

„        annealed  ... 
Zinc,  commercial,  drawn 

„  „  annealed 

Pure  zinc,  cast 

Gold  drawn 

„    annealed 
Cadmium,  drawn 

„         annealed  ... 

Lead,  cast     

„     drawn... 
„     annealed 
Tin,  drawn    ...         ... 

„     annealed 


... 
••. 

... 
... 
... 
... 
• . . 
... 
... 
. . . 
... 
. .. 
... 
••* 
.. . 
••  • 
. .  • 
..  * 

• . . 

.. . 


59''  F.  (15''  C.) 


GrftdosL 


»» 


65*7 
700 

40*0 
6i'io 
46-88 
4030 

30*54 
34*10 

23*60 

a7'4 
290 

I0*O2 
12*80 

4*5 
27*0 

io*o8 

2*24 

1-25 
2*07 

I 'So 

245 
170 


Sadden. 


838 

99-1 

53*9 
651 

5025 

41'0 

31-68 

3S'o 

2770 

27*2 

29*6 
16-5 

15*77 
14*40 

284 
ii*i 

481 

2*21 

236 

2*04 

30 

3*62 


(ioo«0.) 


(aoo<>  0.) 


59*10 

51*10 

22*10 


50*90 
469 


22'60 

1970 

14*00 

i4"oo 

12*20 

7-27 

12*60 

12*06 

2*60 

0*54 

085 

*  Deville,  for  example,  by  melting  cobalt  in  a  crucible  of  lime,  has  obtained 
it  free  from  carbon  and  other  impurities,  in  the  form  of  a  ductile  mass  of  such 
tenacity  as  to  furnish  a  wire  capable  of  supporting  twice  as  great  a  weight  as  a 
wire  of  pure  iron  of  similar  dimensions ;  and  a  wire  of  nickel  prepared  in  a  similar 
way,  though  inferior  in  tenacity  to  one  of  cobalt,  surpassed  one  of  iron  in  the 
ratio  of  3  to  2. 
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It  will  be  seen^  firom  an  inspection  of  this  table^  that  the 
general  effect  of  heat  is  to  diminish  the  tenacity  of  the  metals^ 
except  in  the  case  of  iron^  steely  and  gold^  the  tenacity  of  which 
seems  to  be  somewhat  increased  by  heating  them  to  the  temperature 
of  boiling  water;  this  is  particularly  so  with  iron:  by  a  fiirther 
elevation  of  temperature  the  tenacity  is  again  diminished.  The 
influence  of  annealings  or  heating  the  bar  to  dull  redness  and 
allowing  it  to  cool  slowly^  is  still  more  remarkable,  for  by  ihis 
means  the  tenacity  of  gold  is  reduced  more  than  half,  that  of 
silver  nearly  as  much,  that  of  platinum  about  one-third^  and  that 
of  iron  and  copper  about  a  fourth. 

According  to  Wertheim  all  circumstances  which  increase  the 
density,  as  a  rule  increase  the  elasticity  also.  He  finds  the  co- 
efficient of  elasticity  of  an  alloy  to  be  sensibly  the  mean  of  the 
coefficients  of  the  metals  which  enter  into  its  composition,  even 
when  the  formation  of  the  alloy  is  attended  with  change  of 
volume.  The  transmission  of  a  current  of  electricity  produces 
a  momentary  diminution  in  the  elasticity,  independently  of 
the  diminution  caused  by  the  rise  of  temperature  which  it  oc- 
casions. 

(520)  Malleability  and  Ductility. — The  following  metals  are 
termed  malleable  metals,  i.e,  metals  which  may  be  reduced  to  thin 
leaves  either  by  lamination  between  rollers,  or  by  hammering : — 

6.  Iron  10.  Lead 

7.  Aluminum  ii.  Cadmium 

8.  Tin  la.  Nickel 

9.  Zinc 


1.  Gold 

2.  Silver 

3.  Copper 

4.  Platinum 

5.  Palladium 


13.  Cobalt. 


Lithium,  potassium,  and  sodium,  as  well  as  mercury  when  in 
a  frozen  state,  and  thallium,  likewise  admit  of  extension  under 
the  hammer.  Gold  far  surpasses  all  the  other  metals  in  mal- 
leability, being  capable  of  reduction  into  leaves  so  thin  that  a 
square  decimetre  weighs  less  than  20  mgrms.,  or  a  square  foot 
weighs  less  than  3  grains,  and  the  film  does  not  exceed  the 
280,000th  of  an  inch  in  thickness.  Silver  and  copper  may 
also  be  reduced  to  leaves  of  great  tenuity.  The  other  metals 
may  be  rolled»into  foil,  but  cannot  be  hammered  into  leaf.  At 
the  Industrial  Exhibition  of  Breslau,  1852,  an  album  of  leaf  iron 
was  exhibited,  the  sheets  of  which  did  not  exceed  coi"*"'  in 
thickness,  and  a  square  decimetre  of  the  leaf  weighed  only 
776  mgrms.     Quite  recently  Messrs.  Hallam  and  Co.  are  said  to 

X  2 
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have  obtained  leaves  of  iron  of  less  than  Iialf  this  thickness ;  the 
sheets  did  not  exceed  .tott  m^c^  in  thickness^  or  xiTr.Wv™*'* 
and  a  square  inch  weighed  only  0*36  grain.  Nickel  and 
cobalt  are  far  less  malleable  than  the  other  metals  in  the  list. 
The  metals  become  denser  in  rollings  and  are  often  rendered  so 
hard  hj  the  operation  that  they  require  to  be  annealed  between 
every  second  or  third  rolling.  During  the  processes  of  hammering 
and  rollings  much  heat  is  extricated. 

The  metals  may  be  arranged  in  the  following  order  of  dnc- 
tility^  the  property  being  possessed  to  a  nearly  equal  extent  by 
the  first  five  upon  the  list : — 


1.  Gold 

a.  Silver 

3.  Platinum 

4.  Iron 

5.  Copper 

6.  Palladium 


7.  Cadmium 

8.  Cobalt 

9.  Nickel 

10.  Aluminum 

11.  Zinc 


12.  Tin 

13.  Lead 

14.  Thallium 

15.  Magnesium 

16.  Lithium. 


Ductility  is  peculiarly  displayed  by  the  first  7  metals  on  the 
list.  Wollaston  procured  a  wire  of  platinum^  the  diameter  of 
which  did  not  exceed  the  T^^Vznr  of  ^^  inch,  or  0*00083  millim., 
by  placing  a  wire  of  platinum  in  the  axis  of  a  small  cylinder  of 
silver  and  reducing  the  compound  wire  to  the  utmost  practicable 
tenuity  in  the  ordinary  way,  by  drawing  it  through  holes  made 
in  a  hard  steel  plate,  termed  a  draw-plate  ;  the  apertures  through 
which  the  wire  was  made  to  pass  diminishing  in  size  by  regular 
gradation.  Both  metals  were  thus  attenuated,  pari  passu,  and 
the  silver  was  finally  dissolved  off  by  nitric  acid,  which  left  the 
platinum  imacted  upon.  Gold  wire  equally  fine  was  obtained 
by  a  similar  process  {Phil,  Trans,  18 13).  Steel  wires  of  extreme 
fineness  have  been  produced  in  a  similar  maimer,  the  coating  of 
silver,  in  this  case,  having  been  dissolved  by  the  action  of 
mercury.  Zinc,  tin,  lead,  magnesium,  and  even  lithium,  may 
also  be  obtained  in  the  form  of  wire,  but  with  diflBculty,  on 
account  of  their  feeble  tenacity.  Matthiessen  has  succeeded  in 
obtaining  many  of  the  softer  metals  such  as  sodium  and  lithium, 
in  the  form  of  wire,  by  forcing  them  under  strong  pressure 
through  an  aperture  in  a  steel  die. 

The  malleability  of  a  metal  is  by  no  means  always  propor- 
tioned to  its  ductility;  iron,  though  it  may  be  reduced  to  wires 
of  extreme  fineness,  is  not  nearly  so  malleable  as  gold,  silver, 
copper,  and  some  other  metals  which  are  inferior  to  it  in  duc- 
tility.    A  few  substances  which  are  not  metallic  exhibit,  when  in 
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a  state  of  semifusion^  a  very  perfect  ductility.  Half-melted  glass 
shows  tliis  property  in  a  marked  degree ;  it  may  be  spun  into 
very  fine  threads^  which  have  even  been  woven  into  a  species  of 
doth^  designed  for  ornamental  purposes. 

It  is  obvious  that  the  properties  of  brittleness^  tenacity,  duc- 
tility, and  malleability,  must  be  materially  dependent  upon  the 
texture  of  the  metal.  This  is  strikingly  exemplified  in  the  varia- 
tion in  tenacity  exhibited  by  the  same  metal  under  different  cir- 
cumstances. Silver,  in  ordinary  cases,  is  tough,  ductile,  and  mal- 
leable j  by  repeated  heatings  and  coolings,  however,  its  particles 
arrange  themselves  in  a  crystalline  manner,  and  it  then  becomes 
very  brittle.  Copper,  when  deposited  in  crystals  by  slow  voltaic 
action,  is  very  hard  and  brittle ;  but  when  the  action  is  more 
rapid  it  is  soft  and  tough,  and  the  metal  then  exhibits  a  fibrous 
character.  It  may  indeed  be  stated,  as  a  general  principle,  that 
the  crystalline  metals,  such  as  zinc,  antimony,  bismuth,  and 
arsenicum,  are  the  mQst  brittle;  while  those  which,  like  iron, 
have  a  fibrous  structure,  are  possessed  of  a  high  degree  of 
tenacity. 

The  structure  of  a  metal  is  easily  displayed  in  many  cases,  by 
placing  it  in  solvents  the  operation  of  which  is  very  gradual. 
Some  of  the  metals  which  fuse  readily  may  be  obtained  in 
crystals  without  difficulty,  by  allowing  2  or  3  kilos,  of  the  melted 
metal  to  cool  slowly,  and  pouring  out  the  interior  portions  before 
the  whole  has  had  time  to  solidify ;  the  walls  of  the  cavity  are 
then  found  to  be  lined  with  crystals  on  their  inner  surface. 
Bismuth  is  particularly  well  adapted  to  this  process.  The  less 
fusible  metals,  such  as  copper,  iron,  and  silver,  may  often  be 
crystallized  from  their  solutions  by  slow  voltaic  actions.  Many 
of  them — as,  for  example,  gold,  silver,  and  copper — occur  native 
in  crystals.  A  large  proportion  of  the  metals  crystallize  in  forms 
belonging  to  the  regular  system. 

(521)  Specific  Gravity. — Wide  differences  are  observable  in 
the  specific  gravity  of  the  metals.  In  the  annexed  table,  varia- 
tions are  exhibited  between  the  extremes  of  iridium  and  platinum, 
the  heaviest  known  forms  of  matter,  on  the  one  hand,  and  lithium 
on  the  other,  which  has  little  more  than  half  the  density  of 
water.  The  lighter  metals  are  all  characterized  by  their  powerful 
attraction  for  oxygen ;  those  which  are  least  oxidizable  possessing 
generally  the  highest  specific  gravity.  In  a  few  instances,  the 
most  marked  of  which  is  platinum,  the  density  may  be  somewhat 
increased  by  rolling  and  hammering ;  but  this  is  not  usually  the 
case. 
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Specie  Oravity  of  the  MetaU. 


X«t«L 

Bp.  gr. 

ObMTTvr. 

Platinum 

• .  • 

•  • . 

^^'53 

.*• 

WoUaston. 

OBmium 

... 

•  •  • 

21*4 

• « • 

Deville  and  Debraj. 

Iridium 

... 

•• . 

2115 

• .  • 

Deville  and  Debraj. 

Gold... 

••• 

... 

19*34 

« •  • 

G.  Bose. 

Ursniiim 

•  ■  • 

• . . 

184 

• . . 

P^igofc. 

Tongiteii 

• .  • 

... 

17-6 

• .  • 

D'Elhuyart 

Merooiy 

••• 

•  •  • 

^359^ 

•  •• 

Begnault 

Rhodium 

• .  • 

... 

12' I 

•  •  • 

Derille  and  Debraj. 

Thallium 

■ . . 

••• 

II'OI  to 

ir8i 

Crookes. 

F^Jladium 

• .  • 

• . . 

ir8 

•  •• 

Wolhuiton. 

Batheniom 

.  •• 

•.. 

11-4 

••  • 

Deville  and  Defaray. 

Lead... 

•  •  • 

... 

11-36 

• .  • 

Beioh. 

SQver 

•  •• 

... 

1053 

••« 

G.  Bose. 

Bbmuth 

... 

• . . 

9799 

•  •  • 

Marohand  and  Soheerer. 

Cohalt 

• . . 

• .  • 

^•95 

*.. 

Bammelflbei^g. 

Copper 

•  •  • 

•.. 

8-95  to  8-92 

Marehand  and  Sdieerac 

Nickel 

« . . 

••• 

882 

. .  • 

TupputL 

Molybdenmi] 

I ... 

•  •  • 

862 

•  •  • 

Bucholz. 

Cadmium 

•  •  • 

•  • « 

8694  to 

8*604 

^Stromeyer. 

Manganese 

• .  • 

•  •  • 

8013 

•  •  • 

John. 

Iron  ... 

•  •  • 

•  •  • 

7844 

... 

Broling. 

Indium 

• .  • 

• .  • 

7-362 

.  •  • 

Winkler. 

Tin    ... 

« • . 

... 

7*292 

... 

Eupffer. 

Zinc  ... 

•  • . 

•  •  • 

7*146 

... 

Wertheim. 

Chromium 

« .  • 

• .  • 

6-8i 

•  • . 

WChler. 

Antimony 

... 

« . . 

6-71 

••  • 

Marehand  and  Soheerer. 

Tellurium 

•  •« 

• .  • 

6*25 

. .  • 

Berzelius. 

Arsenicum 

•  •  • 

... 

5'959  to 

51 

Gaibourt, 

Aluminum 

• .  • 

•  •  • 

2*67  to '. 

vS6 

Deville. 

Strootium 

•  •  • 

... 

a'54 

•  •  • 

Bunsen. 

Gludnum 

■  •  • 

• .  • 

2*1 

•  •• 

Debray. 

Magnesium 

• . . 

. .  • 

1743 

•  •• 

Bunsen. 

Calcium 

• .  • 

• .  • 

'•578 

•  •  • 

Bunsen. 

Bubidium 

• « • 

•  •  • 

1*52 

•  •• 

Bunsen. 

Sodium 

•  •  • 

•  •  • 

0972 

•  •  • 

Gay-Lussao  and  Th^nard. 

Potassium 

■  •• 

•  •  • 

0865 

•  •  • 

Gay-Lussac  and  Th^naid. 

Lithium 

•  •  • 

•  •  • 

0593 

•  •  • 

Bunsen. 

(522)  Fusibility, — ^The  melting-points  of  the  different  metab 
differ  not  less  widely  than  their  densities.  Mercury^  for  instancej 
remains  fluid  as  low  as  —  37°'9  (—38^*8  C);  potassium  and 
sodium  melt  below  the  heat  of  boiling  water.  Tin^  cadminm, 
bismuth^  thallium^  lead^  and  zinc  melt  below  redness ;  antimonji 
calcium^  and  aluminum^  above  a  red  heat.  Silver,  copper^  and 
gold  require  a  bright  cherry-red  heat ;  iron,  nickel,  and  cobalt  a 
white  heat ;  while  platinum,  iridium,  rhodium,  and  several  otheriy 
require  the  intense  heat  of  the  oxyhydrogen  blowpipe,  or  even  of 
the  voltaic  arc,  to  effect  their  fusion. 
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Order  of  FuMility  of  the  MetaU. 


MeUU 

Mercury 

Rubidiam 

Potassium 

Sodiam 

Lithium 

Tin  ... 

Cadmium 

Bismuth 

Thallium 

Lead 

Tellurium 

Arsenicum 

Zinc ... 

Antimony 

Calcium 

Aluminum 

SUyer 

Copper 

Gold 

Cast  iron 

Cobalt 

Nickel 

Wrought  iron 

Manganese 

Molybdenum 

Tungsten 

Chromium 

Palladium 

Platinum 

Bhodiimi 

Iridium 

Vanadium 

Buthenium 

Osmium 


«c. 

*'F. 

Obterrer. 

-38-8 

• .  • 

—37*9 

••• 

B.  Stewart. 

38-5 

••  t 

101-3 

... 

Bunsen. 

62-5 

... 

^44*5 

••• 

Bunsen. 

976 

•  • . 

2077 

••• 

Begnault. 

180 

• . . 

35<5 

... 

Bunsen. 

228 

*•• 

442 

... 

Crichton. 

328 

■•• 

44a 

»•• 

Stromeyer. 

264 

••  • 

507 

•*. 

Budberg. 

294 

•  • . 

S^i 

*•• 

Crookes. 

3^S 

1 

... 

617 

1 

... 

Budberg. 

undetermined. 

412 

•  • . 

773 

... 

Daniell. 

tii5o 

• . . 

6a  I 

above  a 
1023 

red  beat. 

.  •• 

1873 

••• 

1091 

••• 

1996 

*•• 

'Daniell. 

1102 

... 

2010 

... 

1530 

• .  • 

2786 

... 

.highest 

beat  of 

forge. 

.agglomerate,  but  do  not  fuse 

)  in  the 

forge. 

^require  the  heat  of  the  oxyhydrogen  blowpipe. 


Some  metals  near  their  melting-points^  before  undergoing 
complete  fusion^  pass  through  a  soft  intermediate  stage^  in  which, 
if  two  clean  surfaces  be  presented  to  each  other,  and  strong 
pressure  or  hammering  be  employed,  they  unite,  or  weld  together, 
so  as  to  form  one  continuous  mass.  Iron,  thallium,  lithium,  and 
potassium  afford  the  most  striking  instances  of  this.  Palladium 
is  also,  in  a  minor  degree,  susceptible  of  it. 

(523)  VokUility* — ^Many  of  the  metals  admit  of  being  volati- 
lized without  difficulty.  Mercury,  when  heated  under  ordinary 
atmospheric  pressure,  boils,  and  is  reduced  to  a  perfectly  colour- 
less, transparent  vapour,  at  about  662^  (35^°  C.).  It  is  im- 
portant to  observe  that  this  dry  vapour,  though  metallic,  is  an 
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insulator  of  electricity,  and  will  allow  the  transmission  of  dis- 
tinct electric  sparks  as  readily  as  atmospheric  air.  The  insn* 
lating  power  of  mercurial  vapour,  on  the  one  hand,  and  the  SDoall 
specific  gravity  of  potassium,  of  sodium,  and  of  lithium,  on  the 
other,  show  that  there  is  nothing  inconsistent  with  facts  in  the 
supposition  that  hydrogen  itself,  although  the  lightest  known 
form  of  matter,  and  though  gaseous,  and  consequently  an  insu- 
lator of  electricity,  may  possibly  be  a  metal ;  and  indeed,  in  its 
chemical  properties,  it  approximates  very  closely  to  this  class 
of  bodies.  Eight  of  the  metals  are  sufficiently  volatile  to  be  dis- 
tilled fix)m  the  compounds  from  which  they  are  obtained,  vis.. 


Mercury 

Zinc 

Sodium 

Arsenicum 

Cadmium 

Rubidium. 

Tellurium 

Potassium 

Arsenicum  is  volatilized  below  redness,  and  even  before  it  has 
assumed  the  liquid  form ;  cadmium  requires  a  full  red  heat,  1580^ 
(860°  C),  and  zinc  a  temperature  of  1904®  (1040°  C):  whilst  potas- 
sium, sodium,  and  rubidium  require  a  still  higher  temperature. 
Those  metals  which  are  generally  considered  fixed  in  the  fire  are 
likewise  volatilizable  to  a  certain  extent.  In  the  process  of  lead- 
smelting,  one-seventh  of  the  lead  escapes  up  the  chimney,  and 
would  be  wasted  unless  means  for  collecting  it  were  adopted. 
Even  copper  is  not  absolutely  fixed  in  the  fire.  My  friend  Dr. 
Percy,  some  years  ago,  showed  me  a  remarkable  illustration  of 
this  fact :  he  has  in  his  possession  part  of  a  beam  which,  for 
many  years,  was  suspended  over  a  fiimace  in  a  copper  smelting 
house  in  Norway ;  the  whole  beam,  of  which  this  is  a  fragment, 
contains  minute  beads  of  metallic  copper  studded  through  its 
texture  :  the  copper  must  have  been  raised  in  vapour  and  so  de- 
posited within  its  fibres.  Grold  has  been  found  similarly  studding 
the  beams  of  refineries ;  and  it  may  be  seen  to  undergo  volati- 
lization in  the  focus  of  an  intensely  powerful  burning-glass. 
Platinum  may  be  converted  into  vapour  with  scintillation  in  the 
oxyhydrogen  jet,  and  silver  has  even  been  distilled  in  considerable 
quantities  by  Stas  by  the  heat  produced  in  the  oxyhydrogen  flame. 
Fine  wires  of  the  most  refractory  metals  may  be  dispersed  in 
vapour  by  transmitting  the  discharge  of  a  powerful  Leyden 
battery  through  them. 

(524)  Conducting  Power  for  Heat  and  Electricity. — ^The  great 
differences  of  expansion  exhibited  by  different  metals  when  exposed 
to  equal  degrees  of  temperature,  have  already  been  pointed  out 
U32) ;  and  it  may  be  stated  generally  that  each  metal  possesses 
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a  specific  expansion ;  the  conducting  power  of  each  metal^  both  for 
heat  (149)  and  for  electricity  is  also  definite  {2^9,  276) ;  in  general^ 
it  is  found  that  the  best  conductors  of  heat  are  also  the  best 
conductors  of  electricity;  but  though  conductors  in  the  solid 
and  liquid  conditions^  the  metals  are  insulators  in  the  aeriform 
state. 

(525)  Allots. — Metals  enter  into  combination  with  each  other, 
and  form  compounds  termed  alloys,  many  of  which  are  most  ex- 
tensively used  in  the  arts.  Comparatiyely  few  of  the  metals  possess 
qualities  such  as  render  them  suitable  to  be  employed  alone  by 
the  manufacturer;  aluminum,  sine,  iron,  tin,  copper,  lead,  mer- 
cury, silver,  gold,  and  platinum,  constitute  the  entire  nimiber  so 
used.  Arsenicimi,  antimony,  and  bismuth  are  too  brittle  to  be 
used  alone,  but  are  employed  for  hardening  other  metals.  Many 
of  the  physical  properties  of  the  metals  are  greatly  altered  by 
combination  with  others ;  the  combination  or  alloy  being  often 
adapted  to  purposes  for  which  either  metal  separately  would 
be  unfit. 

Matthiessen  has  made  a  special  study  of  the  efiects  of  alloy- 
ing the  metals  upon  their  physical  properties  (/.  Chem,  80c,, 
1867,  20i).  He  concludes  that  the  metals  may  be  divided  into 
two  principal  classes  in  this  relation :  a  small  class.  A,  com- 
prising lead,  tin,  zinc,  and  cadmiimi,  which  impart  to  their  alloys 
their  physical  properties  in  the  proportion  in  which  they  them- 
selves exist  in  the  alloy ;  and  a  more  numerous  class,  S,  com- 
prising most  of  the  other  metals.*^  The  members  of  the  latter 
class  do  not  impart  to  their  alloys  their  physical  properties  in  the 
proportion  in  which' they  themselves  exist  in  the  alloy. 

The  alloys  which  Matthiessen  has  examined  consist  of  two 
metals.     These  he  divides  into  three  groups,  viz. : — 

1,  Alloys  formed  by  metals  of  the  class  A  with  each  other ; 

2,  Alloys  of  metals  of  class  A  with  those  of  class  B ;  and 

3,  Alloys  of  the  metals  of  class  B  with  each  other. 

Some  of  the  physical  properties  of  the  metals  are  but  little 
altered  by  alloying.  The  specific  heat  of  the  alloys  and  their 
expansion  by  heat  are  always  the  mean  of  that  of  their  compo- 
nents; and  they  vary  as  the  proportions  of  each  component 
vary.  The  specific  gravity  of  the  alloys  of  metals  of  class  A 
is  also  the  mean  of  that  of  their  constituents ;  but  when  metals 
of  class  A  are  alloyed  with  those  of  class  B,  the  observed  specific 


*  Probably  brittle  metals,  like  ansenic,  antimony,  and  bismnth,  shonld  be 
excepted. 
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gravity  is  frequently  a  little  aboye  or  below  that  which  is  given 
by  calculation. 

The  fusing-point  of  an  alloy  is  invariably  below  the  mean  of 
that  of  its  components.  In  this  respect^  however^  an  alloy  agrees 
with  other  mixtures ;  the  chlorides  when  mixed  with  each  oiliier 
melt  below  the  fusing-point  of  the  mean^  and  often  below  ib» 
fbsing-point  of  either  constituent.  The  same  thing  is  observed 
in  mixtures  of  the  carbonates  with  each  other ;  it  is  also  lemaik- 
ably  observed  in  the  case  of  the  silicates^  as  is  well  known  both 
to  the  glass-maker  and  to  the  metallurgist :  the  latter  avails  him- 
self of  the  fact  to  render  his  slags  sufficiently  fusible  and  liquidj 
by  due  admixture  of  various  silicates. 

A  striking  and  well-known  illustration  of  this  increased 
fusibility  of  idloys  is  seen  in  what  is  known  as  ftmble  metal,  an 
alloy  of  bismuth^  lead^  and  tin.  These  metals^  when  melted 
together  in  the  proportions  of  4  parts  of  bismuth^  2  of  lead,  and 
I  of  tin,  or  nearly  in  the  atomic  proportion  (Bi^PbSn),  yield  a 
mass  fiisible  in  boiUng  water,  although  the  melting-point  of  tin, 
the  most  fusible  of  the  three  metals,  is  more  than  198^  (iio^  C.) 
higher,  and  that  of  lead  is  396^  (220^  C.)  higher ;  the  easy  fusibility 
of  this  alloy  is  always  remarkable,  even  if  the  proportions  of  iti 
constituents  be  considerably  varied. 

In  the  metals  of  class  A,  the  conducting  power  for  dectricity 
is  exactly  proportional  to  the  quantity  of  each  metal  employed, 
and  the  same  thing  is  true  as  regards  the  conducting  power  of 
these  alloys  for  heat ;  but  when  a  metal  of  class  B  is  alloyed 
either  with  one  of  its  own  class  or  with  one  of  class  A,  a 
sudden  decrease  in  conducting  power  both  for  electricity  and  jfor 
heat  takes  place. 

Alterations  in  hardness  and  elasticity  are  still  more  easily 
perceived;  and  for  many  applications  in  the  arts  are  of  still 
greater  importance.  When  a  metal  of  class  B  is  alloyed  with  a 
small  proportion  of  one  of  class  A,  its  elasticity  is  much  increased. 
Bars  of  copper,  of  tin,  of  zinc,  or  of  lead,  when  suspended  and 
struck,  emit  a  dead  sound ;  but  when  bars  of  a  copper-tin  alloy 
(bell-metal)  or  of  copper  and  zinc  (brass)  are  struck,  they  emit  a 
clear  ringing  sound.  On  the  other  hand,  bars  of  tin-copper,  with 
1 2  per  cent,  of  copper,  or  tin-lead,  with  20  per  cent,  of  lead,  emit 
very  little  soimd  when  struck ;  showing  no  marked  change  when 
the  metals  of  class  A  are  alloyed  together,  or  when  alloyed  with 
a  small  proportion  of  a  metal  in  class  B.  Similar  results  are 
observed  when  weights  are  suspended  to  spirals  of  hard-drawn 
wire :  such  spirals,  if  made  of  copper,  silver,  gold,  or  platinum. 
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become  nearly  straightened  when  stretched  by  a  moderate  weight ; 
but  wires  of  equal  dimension  composed  of  copper-tin  (12  per  cent. 
tin)^  silyer-platinum  (30  per  cent,  platinum)^  and  gold-copper  (8*4 
per  cent,  copper)^  scarcely  undergo  any  permanent  change  in  form 
when  subjected  to  tension  by  the  same  weight.  Many  ductile 
metals  belonging  to  class  B  are  much  increased  in  elasticity  by 
being  alloyed  with  each  other.   • 

Matthiessen  giyes  the  following  approximatiye  results  upon 
the  tenacity  of  certain  metals  and  alloys  for  wires  hard  drawn 
through  the  same  gauge  (No.  23)  : — 

lb. 
Copper,  breaking  strain  for  doable  wire       ...         2j — 30 
Tin  ...  ...  ...  ...         ...        under  7 

^^Sw^A  ...  ...  ••.  ...  ...  ff  / 

Tin-lead  (20  per  cent  lead)             „     7 

Tin-copper  (12  per  cent,  copper)      ...          ...  about  7 

Copper-tin  (12  per  cent,  tin)           ...          ...  80 — 90 

Gold           ...          ...          ...          ...          ...  20 — 25 

(jold-copper  (8*4  per  cent  copper) 70 — 75 

Silver         ...         ...         ...         ...          ...  45 — 50 

Platinum ...  45'"5® 

Silver-platinum  (30  per  cent,  platinum)       ...  75 — 00 

Adyantage  is  taken  in  the  arts  of  this  variation  in  the  hard- 
ness and  elasticity  of  metals  produced  by  alloying  them  together. 

Type-metal  is  an  alloy  of  tin,  lead^  and  antimony^  which  is 
fusible^  expands  at  the  moment  of  solidification  so  as  to  take  the 
impression  of  the  mould  accurately^  and  is  hard  enough  to  resist 
wear  without  cutting  the  paper  or  being  inconveniently  brittle. 
The  qualities  of  copper  are  also  modified  in  an  important  manner 
by  alloying  it  with  other  metals.  Copper  alone  is  not  fit  for  cast- 
ingSy  and  it  is  too  tough  to  be  conveniently  wrought  in  the  lathe 
or  by  the  file  ;  but  when  alloyed  with  sdnc  it  forms  a  much  harder 
compound^  which  can  be  cast^  rolled^  or  turned^  and  which  con- 
stitutes the  different  kinds  of  brass,  the  qualities  of  which  can  be 
varied  by  varying  the  proportions  of  the  two  metals.  The  addi- 
tion of  nickel  to  brass  destroys  its  yeUow  colour^  and  produces 
the  white  compound  metal  known  imder  the  name  of  German 
silver.  Copper  and  tin  in  various  proportions  yield  the  hard, 
tough,  but  moderately  fdsible  compounds  known  as  bronze  and 
beU-metal. 

When  the  metals  combine  with  mercury,  the  resulting  body 
is  called  an  amalgam. 

The  ductility  of  metals  is  usually  impaired  by  combination 
with  one  another.  Alloys  of  two  brittle  metals  are  invariably 
brittle :  such  is  the  case  with  the  compound  of  aisenicuia«xA\m- 
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muth.  Alloys  of  a  brittle  with  a  malleable  metal  are  also  brittle. 
Even  when  two  malleable  metals  are  miited^  the  compound  is 
sometimes  brittle ;  gold^  for  example,  when  alloyed  with  a  minate 
portion  of  lead,  splits  under  the  hammer.  Generally  speakingi 
the  hardness  of  metals  is  increased  by  alloying  them ;  of  this  a 
familiar  instance  is  afforded  by  the  standard  coin  of  the  realm: 
neither  gold  nor  silver,  when  unalloyed,  is  sufficiently  hard  to 
resist  attrition  to  the  degree  required  for  the  currency,  bat  the 
addition  of  one-tenth  or  one-twelfth  of  its  weight  of  copper  to 
either  metal  increases  its  hardness  to  the  requisite  extent. 

In  most  cases  these  compounds  of  metals  with  each  other  are 
united  by  weak  ties ;  for  it  appears  to  be  necessary,  in  order  to 
produce  energetic  union  between  any  two  bodies,  that  the  sub* 
stances  when  separate  should  exhibit  great  dissimilarity  in  pro- 
perties. It  has  sometimes  been  questioned  whether  alloys  are 
true  chemical  compoimds  :  definite  compoimds  of  the  metals  with 
each  other,  do,  however,  certainly  exist,  and  some  have  been  found 
combined  in  definite  proportions  in  the  native  state.  Such  is  the 
case  with  silver  and  mercury,  which  occur  crystallized  together  in 
the  proportion  of  an  atom  of  each  ( AgHg) .  On  forming  alloys  con- 
sisting of  two  metals  only,  it  may  be  observed  that  if  a  solid  metal 
be  added  to  a  melted  metal,  one  of  three  different  results  may  be 
obtained ;  either — i.  The  solid  metal  dissolves  quickly  with  marked 
evolution  of  heat,  as  when  gold  is  added  to  melted  tin,  or  sodium 
to  mercury :  in  these  cases  true  chemical  combination  appears 
certainly  to  occur ;  2..  The  solid  metal  dissolves  quickly  without 
any  marked  rise  of  temperature,  as  when  lead  is  added  to  melted 
tin ;  or,  3.  The  metal  dissolves  slowly,  as  when  copper  is  added 
to  melted  tin.  In  the  last  case  the  two  metals  separate  partially 
on  standing,  so  that  it  would  appear  that  only  a  partial  alloy  is 
formed,  each  metal  becoming  dissolved  only  to  a  limited  extent 
in  the  other,  in  the  same  manner  as  ether  may  to  a  certain  extent 
be  dissolved  by  water,  and  water  to  a  certain  extent  by  ether. 
Now,  just  as  these  two  solutions  may  be  mixed  with  each  other, 
so  may  the  alloys  be  mixed.  Lead,  for  instance,  will  dissolve 
only  1*6  per  cent,  of  zinc,  and  zinc  I'a  per  cent,  of  lead.  In 
like  manner  bismuth  will  dissolve  8*14  per  cent,  of  zinc,  and  sine 
a*4  per  cent,  of  bismuth. 

Hence  it  appears  that  most  alloys  either  are  mixtures  of  definite 
compounds,  with  an  excess  of  one  or  other  metal,  or  they  are 
solutions  of  the  definite  alloy  in  the  excess  of  one  of  the  metals 
employed,  forming  in  their  solid  condition  what  Matthiessen 
caUs  a  solidified  solution.     The  separation  of  the  components  of 
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alloys  firom  each  other  is  sometimes  easily  effected  by  simple 
means.  For  instance,  by  exposing  brass  to  a  high  temperature^ 
the  zinc  is  Tolatilized^  leaving  the  copper  behind ;  and^  &om  the 
alloy  of  arsenicum  and  platinum^  a  heat  sufficiently  long  con* 
tinned  will  expel  almost  the  whole  of  the  arsenicum.  Even  mere 
mechanical  means  will  sometimes  suffice  to  effect  the  separation. 
When  silver,  for  example^  is  amalgamated  with  mercury,  the 
amalgam  formed  is  dissolved  by  an  excess  of  mercury :  this  ex- 
cess, however,  may  be  almost  entirely  removed  by  squeezing  the 
mass  through  chamois  leather ;  the  amalgam  is  retained  in  the 
solid  form,  while  the  superfluous  mercury,  nearly  freed  from  silver, 
escapes  through  the  pores  of  the  leather. 

The  chemical  properties  of  an  alloy  are  generally  such  as  might 
have  been  anticipated  from  those  of  its  components.  In  many 
instances,  however,  the  alloy  of  two  oxidizable  metals  is  much 
more  readily  oxidized  than  either  of  its  constituents.  An  alloy 
of  I  part  of  lead  and  3  parts  of  tin,  for  example,  bums  when 
heated  to  dull  redness  much  more  easily  than  its  components,  and 
becomes  converted  into  a  white  ash,  used  in  the  preparation  of 
enamels  (600).  Sometimes  an  alloy  is  completely  soluble  in  an 
acid  which  is  without  action  upon  one  of  its  components : — 
Grerman  silver,  which  is  a  combination  of  copper  with  zinc  and 
nickel,  is  readily  dissolved  by  diluted  sulphuric  acid,  though  the 
acid  will  not  attack  metallic  copper ;  and  in  a  similar  manner,  an 
alloy  of  platinum  with  ten  or  twelve  times  its  weight  of  silver  is 
entirely  dissolved  by  nitric  acid,  although  platinum  alone  resists 
the  action  of  the  acid  completely. 

The  more  important  alloys  will,  however,  be  best  considered 
separately,  when  the  individual  metals  which  enter  into  their  com- 
position are  described. 

(526)  Condition  in  which  the  Metals  occur  in  Nature. — ^The  ties 
which  unite  the  components  of  an  alloy  are  feeble,  and  are  easily 
severed ;  but  the  compounds  formed  by  the  metals  with  the  class 
of  substances  known  as  non-metallic,  are  for  the  most  part  held 
together  by  attractions  of  a  very  powerftd  order,  and  these  com- 
poimds  are  in  a  chemical  point  of  view  much  more  interesting  and 
important  than  the  alloys.  With  some  of  the  metals  carbon  and 
silicon  combine  in  small  proportion  without  appearing  to  destroy 
the  metallic  character ;  and,  in  fact,  these  compoimds  more  re- 
semble alloys  than  any  other  class  of  combinations  :  the  most  re- 
markable instances  of  carbides  and  silicides  are  furnished  by  iron, 
which,  in  its  modiflcations  of  steel  and  cast  iron,  is  combined  with 
variable  quantities  of  these  elements.    Many  of  the  compounds  of 
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the  metals  with  snlphnr  preserve  their  metallic  lustre,  as  is  seen 
in  galena  and  pyrites,  yet  lose  nearly  all  the  other  physical  proper* 
ties  by  which  the  metals  are  recognized :  ductility,  malleafaility, 
and  power  of  conducting  electricity  are  extremely  impaired.  The 
metallic  character  is  still  more  completely  destroyed  by  oxygen, 
which  converts  the  metals  into  bodies  apparently  earthy,  as  in.  the 
familiar  cases  of  lime,  magnesia,  alumina,  and  zincic  oxide ;  whilst 
chlorine  and  its  allied  group  of  elements  form  compounds  which 
are  most  of  them  soluble,  and  possess  all  the  qualities  of  true  salts. 
The  energy  with  which  iron,  zinc,  and  many  other  metals  com- 
bine with  oxygen  is  very  remarkable :  and  the  action  of  chlonne 
upon  these  metals  is  still  stronger  at  ordinary  temperatures. 

The  more  common  metals,  on  account  of  their  powerful  attrac- 
tion for  oxygen  and  sulphur,  are  very  rarely  met  with  in  the  un- 
combined  form.  Some  of  those  which  are  less  abundant  ar^ 
however,  found  naturally  in  the  metallic  condition :  such  is  the 
case  with  gold,  silver,  mercury,  platinum,  and  copper.  They  are 
then  said  to  occur  in  the  native  state.  Many  are  found  alloyed 
with  each  other;  gold,  for  instance,  forms  native  alloys 
palladiimi  and  with  silver ;  silver  with  mercury ;  antimony 
arsenicimi.  The  occurrence  of  native  metals  or  natural  alloys  u^ 
however,  an  exceptional  circumstance,  for  the  majority  of  the 
metals  are  found  iq  combination  with  other  elements.  Oxygen 
and  sulphur,  in  particular,  firom  their  powerful  chemical  attrac- 
tions, and  the  abundance  in  which  they  occur,  are  the  bodies  most 
firequently  associated  with  the  metals ;  at  other  times  arsenicumi 
and  more  rarely  chlorine,  are  the  mineralizing  agents.  These  com* 
pounds,  whether  oxides,  sulphides,  arsenides,  or  chlorides,  consti- 
tute what  are  termed  the  ores  of  the  metals. 

(527)  Distribution  of  the  Metals, — Next  to  silica  in  its  yarioui 
forms,  the  most  abundant  components  of  the  rocks  and  superficial 
portions  of  the  globe,  are  the  compoimds  of  lime,  alumina,  and 
magnesia.  These  earths  are  themselves  oxides  of  metallic  bodies, 
the  attraction  of  which  for  oxygen  is  so  intense  that  they  are 
rarely  isolated  from  it  except  for  scientific  purposes  in  the  labora- 
tory of  the  chemist.  In  their  oxidized  form  they  are  everywhere 
scattered  in  abundance  over  the  face  of  the  globe.  It  is  not  so 
with  those  metals  which  man  is  in  the  habit  of  separating  from  their 
ores  upon  the  large  scale,  and  of  employing  for  the  various  require* 
ments  of  civilized  society  in  the  metallic  state.  Most  of  the  area 
of  the  highest  importance  and  utility  constitute  but  a  companu 
tively  small  portion  of  the  components  of  the  carth^s  crust ;  but 
this  deficiency  in  their  relative  proportion  is  more  than  compen* 
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sated  by  the  mode  of  their  distribution,  for  they  are  not  dispersed 
at  random,  or  diffused  in  minute  quantity  uniformly  throughout 
the  mass  of  the  earth,  but  are  collected  into  thin  seams  or  beds, 
which  form  mineral  veins. 

Man  has  hitherto  been  able  to  penetrate  but  to  a  very  small 
depth  into  the  body  of  the  earth,  the  deepest  excavation  which  he 
has  been  enabled  to  make  being  not  greater,  in  proportion  to  the 
diameter  of  the  earth,  than  the  thickness  of  an  ordinary  sheet  of 
writing  paper  to  a  globe  of  two  feet  in  diameter.  Greological  ob- 
servations have  shown,  and  any  person  who  has  traversed  a  rail- 
way cutting  has  had  a  partial  opportunity  of  convincing  himself 
of  the  fact,  that  a  great  part  of  the  superficial  portions  of  the 
globe  consists  of  a  succession  of  beds  or  layers — strata,  as  they 
are  commonly  termed — which  rest  one  above  another :  these  beds 
in  some  places  retain  nearly  their  original  horizontal  direction ; 
but  usually  they  have  assumed  a  position  more  or  less  inclined, 
so  as  to  form  a  considerable  angle  with  the  surfjEU^e.  The  same 
stratum  is  liable  to  great  variations  in  thickness  in  different  parts, 
but  each  bed  is  found  to  occur  in  a  uniform  position  in  the  series, 
the  successive  strata  following  each  other  in  regular  order,  the 
uppermost  being  those  of  most  recent  formation.  In  this  way  the 
London  clay  rests  upon  the  chalk,  the  chalk  upon  what  in  termed 
the  green-sand,  the  green-sand  upon  the  gault,  and  so  on.  The 
stratified  or  sedimentary  rocks  rest  upon  others,  which,  like  granite, 
porphyry,  and  basalt,  show  no  appearance  of  stratification,  but  bear 
marks,  more  or  less  evident,  of  having  undergone  igneous  fusion. 

Occasionally  it  happens  that  a  thin  bed  of  metallic  ore  forms 
a  part  of  the  regular  succession  of  the  strata :  in  Staffordshire,  for 
instance,  over  many  square  miles  of  country,  thin  bands  or  seams 
of  the  ore  termed  clay  iron-stone,  varying  in  thickness  firom  5  to 
20"^  (2  to  8  inches)  are  found  lying  between  the  beds  of  coal. 
Usually,  however,  the  metalliferous  masses  occur  in  still  older 
formations ;  such  as  in  the  mountain  limestone  of  Cumberland  and 
Derbyshire,  or  in  the  granite  and  clay-slate,  as  in  Cornwall :  they 
are  then  found  in  fissures  which  traverse  the  ordinary  strata  of 
the  district,  and  assume  a  direction  which,  though  it  never  be- 
comes quite  vertical,  still  approaches  more  or  less  towards  this 
position.  These  fissures  vary  in  thickness  firom  a  few  centimetres 
to  a  metre  or  two  :  they  are  often  filled  with  masses  of  basalt, 
granite,  or  trachyte  (which  have  been  injected  from  below,  whilst 
the  materials  were  in  the  molten  state  under  the  effects  of  sub- 
terranean heat),  and  then  constitute  what  the  miner  terms  dykes ; 
but  in  other  cases  they  are  filled  with  metallic  ores,and  form  minfinl 
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veins  or  lodes.  The  ore  sometimes  occurs  nearly  pnre ;  at  othen 
mingled  with  quartz,  fluor-spar,  and  various  crystallized  minerBls, 
or  else  with  earthy  impurities  of  different  descriptions.  These 
veins  extend  from  the  surface  downwards,  often  to  a  depth  greater 
than  can  be  followed  even  in  the  deepest  mines.  The  veins 
which  occur  in  the  same  district  usually  run  in  two  directioiis, 
nearly  at  right  angles  to  each  other,  the  principal  or  original 
veins  being  traversed  by  the  others.  In  Cornwall,  for  example, 
the  metalliferous  veins  run  nearly  east  and  west,  but  they  are 
occasionally  intersected  more  or  less  obliquely  by  other  lodes, 
to  which  the  term  of  counter  (contrary)  lodes,  or  cross  courses,  has 
been  given. 

These  cross  courses,  however,  are  by  no  means  always  metalli- 
ferous ;  they  often  appear  to  have  been  occasioned  by  the  action 
of  a  force  emanating  from  below,  which,  aft;er  bending  and  split- 
ting the  original  strata,  produced  the  fissures  which  were  subse- 
quently filled  with  quartz,  clay,  and  various  minerals.  Such 
cross  courses  as  these  not  seldom  occasion  the  miner  much  trouble 
and  perplexity,  since  the  subterranean  force  necessary  to  produce 
them  is  often  attended  with  great  displacement  of  the  original 
strata.  A  valuable  vein  of  ore  is  from  this  cause  firequently  inter- 
rupted, and  is  sometimes  lost  altogether  for  want  of  knowing  in 
what  direction  to  seek  for  it.  This  sudden  break  in  a  vein  and  its 
displacement  is,  in  mining  language,  termed  a  fault.  It  is  very 
rarely  that  a  single  mineral  vein  occurs  alone ;  usually  several  are 
foimd  together. 

The  thickness  of  the  same  vein,  as  might  be  expected,  is  sub- 
ject to  great  variations ;  at  one  time  it  dwindles  to  a  mere  thread, 
at  others  it  attains  considerable  expansion.  The  most  productive 
veins  usually  occur  near  the  junction  of  two  dissimilar  kinds  of 
rock — ^the  metallic  ores  having  probably  accumulated  there  in  con- 
sequence of  slow  voltaic  actions  which  have  been  going  on  through 
uncounted  ages,  and  which  have  been  occasioned  by  differences  in 
chemical  composition  of  the  two  contiguous  rocks  :  in  ComwaU, 
for  example,  where  so  large  a  proportion  of  the  mineral  wealth 
of  Great  Britain  is  accumulated,  the  most  important  mines  occur 
upon  the  junction  of  the  granite  with  the  clay-slate  or  kiUas. 

(528)  Mining  Operations. — ^The  existence  of  a  vein  having 
been  ascertained,  and  its  dip*  or  inclination  to  the  horizon,  and 

*  The  terms  dip  and  strike  have  been  illustrated  by  the  roofs  of  a  row  of 
houses  running  east  and  west ;  the  ridge  pole  shows  the  direction  of  the  strike 
of  the  strata  east  and  west,  whilst  the  slope  of  the  slates  shows  the  dip  to  the 
north  and  to  the  south. 
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general  direction  or  ttrilx  having  been  detennined,  ibe  miner 
commences  bf  sinking  a  vertical  pit  or  th^,  in  such  a  mannn 
that  he  calculates  upon  cutting  through  the  lode  at  some  30  or 
40  fathoms  (&om  about  jo  to  70  metres)  below  the  sorface. 
When  he  has  reached  the  lode,  he  drivei  a  gallery,  or  level, 
horiiontally  into  it,  right  and  left,  raising  the  ore  to  the  sur&ce 
through  the  shaft.  If  the  produce  be  such  as  to  encourage  him 
to  proceed,  a  second  shaft  is  sunk  in  the  course  of  the  lode,  at 
the  distance  of  about  100  yards  or  90  metres  &om  the  first,  and 
into  this  the  gallery  or  level  is  driven,  so  as  to  facilitate  the 
ventilation  of  the  mine  and  the  extraction  of  the  ore.  In  order 
to  be  aUe  to  remove  the  ore  £rom  other  parts  of  the  lode  above 
and  below  the  prant  at  which  the  fint  level  is  made,  the  shaft  is 
continued  downwards,  and  other  galleries,  or  crou  cuit,  as  they 
are  termed,  are  made,  both  above  and  below  the  first  level,  at  in- 
tervals of  ten  fathoms  (about  18  metres),  to  meet  the  lode  at 
difierent  points ;  these  cron  cuts  are  at  right  angles  to  the  levels. 
Kff.  331  ahoKi  a  veiticMl  crou  Mction  of  the  lode  at  the  C&IlingtoD  Mint. 
■  B  lepnaente  the  engine  ehail,  v  T  ibe  rein  or  lode,  end  e,  c,  the  oon  cat*. 

Pio.  33a.  Fio.  33^. 


Fio.  334- 
The  levels  cannot  be  ihonn  in  tLli  view;  bat  wheDereT  a  ctoh  cat  meete  tha 
lode,  a  level  ii  drivau  eaat  and  wMt,  in  tiie  direotioa  of  tha  lode  itavK. 
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Fig.  333  tbows  the  arrangement  of  the  levels  in  the  same  mine ;  M  s  lepre* 
nents  tiie  engine  ahaft,  w,  a  second  smaller  shaft,  and  L,  L,  L,  the  different  lerda, 
the  depths  of  which  in  futhoros  are  indicated  by  the  numbers  attached  to  them ; 
these  levels  communicate  at  different  points  bj  short  cuts,  or  winzes,  aa  the 
Cornish  miners  term  them  ;  they  are  shown  at  «,  «,  in  various  parts,  and  an 
needed  to  facilitate  the  extraction  of  the  ore  from  different  parts  of  the  lode. 
The  different  levels  are  not  immediately  over,  or  parallel  to  each  other,  but  tbcir 
direction  and  position  varies  with  that  of  the  inclination  and  directioQ  of  the 
lode.  This  is  explained  by  fig.  334,  in  which  the  direction  of  these  galleries  is 
exhibited ;  it  represents  a  plan  of  Uie  mine,  supposing  the  figures  to  refer  totiie 
levels  shown  in  333  :  the  lode,  it  will  be  seen,  does  not  preserve  the  same  ^ 
at  all  points,  being  much  more  nearly  vertical  at  the  right  than  at  the  left  ex- 
tremity of  the  plan.  The  cross  cuts  cannot  be  shown  in  fig.  ^^^,  The  shaded 
parts  in  this  figure  indicate  the  portions  of  the  lode  which  have  been  already 
worked  away.  The  galleries  in  the  mine  are  supported  by  strong  timbering,  tiie 
object  of  which  is  to  prevent  the  rubbish  from  falling  in  and  overwhelming  tiie 
men  while  engaged  in  their  work. 

One  of  the  principal  difficulties  vhich  the  miner  has  to  con- 
tend with  is  the  continual  oozing*  of  water  into  the  mine  in  all 
directions.  Where  the  mine,  as  Ycry  often  happens^  is  situated 
upon  the  side  of  a  hill^  an  adit  level,  or  watercourse,  shown  at 
A^  A^  fig.  333,  is  carried  firom  the  shaft  to  the  lowest  acoesmbk 
point  of  the  surface ;  and  through  this  the  waters  of  the  upper 
part  of  the  mine  readily  escape ;  hut  when  the  workings  extoid 
below  this  point  it  becomes  necessary  to  pimip  more  or  less  oon- 
stantly,  and  for  this  purpose  powerful  steam-engines  are  required. 
The  galleries  and  levels  are  so  constructed  that  the  water  shall 
flow  from  them  into  the  principal  shaft  of  the  mine,  so  that  by 
pumping  from  the  sump,  or  lowest  part  of  this  shaft,  the  whole 
mine  is  freed  from  water.  The  greater  part  of  the  water  is  lifted 
only  to  the  adit  level,  but  a  considerable  quantity  is  raised  to  the 
surface  for  the  purpose  of  washing  the  ore. 

Much  of  the  excavation  is  done  by  hand,  with  the  pickaxe 
and  wedges;  but  after  judicious  clearings  gunpowder  properly 
applied  facilitates  the  progress  greatly.  The  quantities  of  powder 
used  for  blasting  in  the  mines  are  small^  usually  about  two  ounces, 
or  nearly  57  grammes.  The  process  of  blasting  consists  in  boring 
a  hole  to  the  depth  of  18  inches  or  2,  feet  (45  or  60  centimetres), 
somewhat  obliquely,  imder  the  portion  of  rock  which  is  to  be 
raised ;  the  powder  is  then  introduced,  and  the  hole  is  closed  by 
ramming  in  clay  or  friable  rock.  A  copper  wire  runs  from  the 
surface  down  to  the  charge,  and  when  the  ramming  or  /on^wy 
is  finished,  the  wire  is  withdrawn  and  its  place  supplied  with  s 
hollow  rush  charged  with  powder,  and  the  train  is  fired  by  means 
of  a  fusee.  A  safety  fiisee  is  now  commonly  substituted  for  the 
copper  wire  and  pithed  reed  filled  with  powder ;  and  in  hard  rocks 
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^n-cotton  may  advantageously  be  substituted  for  gunpowder. 
The  ore  that  is  detached  is  raised  to  the  surface  of  the  mine  in 
large  wrought-iron  buckets,  or  kibbkSj  which  are  capable  of 
containing  about  3  cwt.  of  ore. 

(529)  Mechanical  Treatment  of  the  Ores. — ^The  extraction  of 
metals  from  their  ores  is  eflfected  by  two  classes  of  operations ; 
those  of  the  first  class  are  mechanical  j  by  their  means  the  earthy 
parts  contained  in  the  matrix  or  vein-stone  are  to  a  certain  extent 
separated :  the  operations  of  the  second  class  are  chemical,  by 
which  the  metal  itself  is  procured.  The  mechanical  treatment  is 
influenced  not  only  by  the  nature  and  composition  of  the  ore, 
but  also  by  its  market  value  :  an  ore  of  tin,  of  copper,  or  of  lead, 
from  the  higher  price  which  the  metal  bears,  wiU  be  worth  a 
more  ekborate  treatment  than  an  ore  of  iron  or  of  zinc. 

The  ores  of  zinc  and  of  iron  are  occasionally  subjected  to  the 
operation  of  washing ;  for  when  they  are  accompanied  by  a  loose 
firiable  clay,  the  day  admits  of  being  readily  diffused  in  a  finely 
divided  state  through  the  water,  and  is  easily  removed  by  its 
means.  The  specific  gravity  of  clay  is  not  much  more  than  2*0, 
whilst  that  of  ferrous  carbonate  and  hydrated  ferric  oxide  varies 
from  3*8  to  4*0,  and  that  of  calamine  is  about  4*2  ;  consequently 
particles  of  these  materials  of  equal  size  expose  a  smaller  surface 
in  proportion  to  their  weight  to  the  action  of  water  than  the  clay, 
and  when  agitated  with  water  they  subside  more  rapidly ;  and  if 
subjected  to  the  action  of  a  current  of  water,  they  are  held  for 
a  shorter  time  in  suspension,  and  are  therefore  carried  by  it  to  a 
smaller  distanqe. 

The  same  principles  apply  to  the  more  elaborate  processes  of 
washing  adopted  with  the  ores  of  lead  and  tin.  Galena  has  a 
specific  gravity  of  7*6 ;  tinstone  of  about  7.  Baric  sulphate  has 
a  density  of  4*6;  fluor-spar  of  3'!  ;  and  quartz  of  2*65.  When 
reduced  to  particles  tolerably  imiform  in  size,  the  earthy  portions 
may  therefore  to  a  considerable  extent  be  separated,  by  the  action 
of  water,  from  the  ores  of  lead  and  tin. 

The  following  is  an  outline  of  the  mechanical  operations  pur- 
sued in  dressing  the  ores  of  lead  and  tin ;  and  the  same  method 
is  to  a  certain  extent  adopted  with  the  copper  ores : — 

The  ore  having  been  brought  to  the  surface,  if  a  lead  or  copper 
ore,  is  first  sorted  by  hand :  the  purest  portions,  or  prills^  as  the 
Cornish  miners  term  them,  are  set  aside,  and  are  ready  for  smelt- 
ing without  further  preparation ;  but  the  bulk  of  the  ore  is  broken 
by  hammers  into  lumps  of  about  the  size  of  a  walnut,  and  the  best 
pieces  are  again  picked  out  by  hand.    The  rougher  portioxA  ^o  \a 
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the  crashing  mill^  which  consists  of  a  pair  of  horizontal  cylinden 
placed  parallel  to  each  other  at  a  little  distance  apart :  the  cylin- 
ders may  be  either  grooved  or  plain.  The  ore  is  supplied  to  tbem 
by  a  hopper  from  aboTC.  After  passing  through  the  mill,  the 
crushed  ore  is  sifted  through  coarse  sieves ;  the  coarser  parts  are 
set  aside  for  the  stamper^^  and  the  finer  portion  is  subjected  to  the 
operation  oi  jigging.  This  consists  in  plunging  the  ore  contained  in 
a  sieve  into  a  pit^  through  which  water  is  constantly  flowing :  the 
workman  keeps  the  ore  in  continual  agitation,  alternately  raising 
and  lowering  the  sieve^  to  which  he  also  gives  an  alternate  rotatony 
motion,  taking  care  always  to  keep  it  beneath  the  surfisice  of  the 
water.  By  this  means^  the  contents  of  the  sieve  are  separated  into 
layers  of  different  quality.  If  it  be  a  lead  ore  which  is  xrnder- 
going  treatment,  the  galena^  from  its  friable  character,  is  eatQj 
reduced  to  small  firagments :  most  of  the  galena,  therefore,  passes 
through  the  sieve  and  subsides  to  the  bottom  of  the  pit,  whilst 
what  is  left  upon  the  sieve  consists  chiefly  of  the  less  friable  fluor- 
spar and  quartz.  This  residue  is  mixed  with  the  inferior  qualities 
of  ore^  and  is  transferred  to  the  stamping  mill,  whilst  the  richer 
part  is  set  aside  for  smelting. 

Tin  ore  is  usually  disseminated  through  a  compact  hard  matriZi 
and  passes  at  once  to  the  stampers. 

The  stamping  mill  consists  of  five  or  six  upright  wooden  beams, 
the  lower  ends  of  which  are  shod  with  iron,  each  beam  weighing 
about  2^  cwt.  These  are  placed  in  a  wooden  frame,  and  aie 
alternately  lifted  up  and  allowed  to  fall  back  upon  the  ore  by  the 
action  of  arms  projecting  from  a  horizontal  axle,  which  is  turned 
by  water  or  steam  power.  The  ore  is  placed  oh  an  inclined  plane 
behind  the  stampers,  and  slides  down  imder  them,  and  is  crushed. 
The  crushed  particles,  when  reduced  to  a  suflS^cient  degree  of  fine- 
ness, are  washed  out  through  a  grating  in  front,  by  the  action  of 
a  current  of  water  which  is  constantly  flowing  through  the  mill : 
the  washed  ore  is  carried  into  a  channel  in  which  two  pits  are 
formed ;  in  the  one  nearest  the  mill  the  purer  and  heavier  part 
of  the  ore,  or  cropy  is  deposited ;  whilst  the  more  flnely  divided 
portion,  technically  termed  slime,  or  schlich,  accumulates  in  the 
second. 

The  crushed  ore  now  imdergoes  a  series  of  washings,  the  object 

of  which  in  to  separate  the  impurities  from  the  valuable  part  of 

the  ore. 

The  crop  is  first  subjected  to  washing  in  the  huddle  ;  this  is  a  wooden  trooght 
^|»*  S3S»  oe^ly  2*5  metres  long,  i  metre  wide,  and  0'°^'6  deep,  or  about  8  feet 
long,  3  wide,  and  2  deep,  fixed  in  the  ground,  with  one  end  somewhat  elevated. 
At  the  upper  end,  a  small  stream  of  water  enters,  and  is  reduced  to  a  uniftiiB 
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lliia  sheet  by  means  of  ft  dirtribatiD^  board,  a,  on  whiob  a  number  of  imall 

pieces  of  wood  are  fastened  ia  break  the  ■tre»m.    The  ore  b>  be  wuhed  i*  placed 

Ui  amall  quautitiee  at  a  timenpoa 

a  board,  b,  somewhat  more  iaclined 

Uuu  the  body  of  the  boddle,  and 

it  is  spread  out  ioto  a  thin  layer  j 

the  water  oarriee  it  forward;  the 

richer  portions  subside  near  the 

head  of  the  trongh,  and  the  lighter 

onea  an   oarried  farther  down. 

"  Th«  heads"  an  tb«n  toaaed  in 

the  kUve,  or  tub,  shown  at  e, 

which  ia  filled   with   water,  and 

ore   added   bj  a   workman,  who 

keeps  the  aontenta  of  the  kieve  ii 

OontiiiDal  agitation  by  taming  the   - 

paddle  or  agitator,  the  handle  of 

which  is  seen  projecting  at  the  top. 

When  the  Te*sel  is  nearl j  fnll,  the 

t^tation  is  stopped  —  the  kieve 

i*  itniek  nnartty  upon  the  aide 

several  time*,  and  its  contents  are 

allowed  to  Bnb«ide;  the  apper  half 

of  the  aediment  is  again  passed  through  Uie  boddle.     Tariona  modifioation*  of 

the  washing  prooeM  are  Toorted  to,  bat  they  are  all  the  same  in  principle. 

A  rcmgh  estimate  of  the  nlae  of  any  sample  of  dressed  ore 
18  obtained  by  the  proceas  called  vottmiiff ; — A  nnall  quantity  of 
the  ore  is  placed  on  a  shovel,  and  a^tated  gently  with  a  peculiar 
circular  moTement  in  irater,  then^  by  giving  it  a  dexterous  lateral 
shake,  the  different  constitaeuts  urange  thenuelvea  according  to 
their  density — the  galena,  or  the  tiu-stooe,  at  the  bottom ;  above 
this  are  iron  pyrites  and  blende ;  and  at  the  top  are  the  fluor-spar 
and  quartz.  The  eye  then  at  a  glance  roughly  estimates  the 
quantity  of  each. 

The  mtter  employed  in  the  various  washings  is  not  allowed  at 
once  to  run  to  waste,  but  is  made  to  pass  through  a  long  shallow 
channel,  in  which  the  slime  and  mud  which  have  been  carried 
away  in  the  different  operations  may  subside.  This  slime  still 
retains  some  portion  of  ore ;  and  in  order  to  recover  this  as  far  as 
possible,  it  is  again  subjected  to  the  action  of  a  fine  stream  of 
water,  either  upon  an  inclined  table,  which  acts  in  a  manner 
similar  to  the  buddle,— or  it  is  washed  upon  a  swinging  table, 
the  bed  of  which  is  also  inclined,  but  moveable,  and  is  suspended 
by  chains  from  supports  at  the  four  comers;  the  bed  is  alter- 
nately thrust  forward  2  or  3  inches  (about  6  or  8  centimetres) 
by  the  revolution  of  a  cam-wheel,  and  is  then  allowed  to  fall  back 
against  solid  wooden  bearings  with  a  sudden  jar.  The  ore  is 
spread  upon  a  board  which  OTerhongs  the  upper  part  o£  ^iuft 
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table,  and  is  carried  forward  by  a  gentle  stream  of  irater ;  the 
heavier  particles  of  the  ore,  owing  to  the  superior  momentnm 
which  their  density  gives  them,  are  by  this  jarring  morement  of 
the  table  carried  back  to  the  upper  part  of  it,  whilst  the  lighter 
impurities  are  washed  away. 

(530)  Roatting,  or  Oxtdatum. — The  chemical  operatioiu  we 
divisible  into  two  main  branches,  one  dependent  on  the  addition,^ 
the  other  on  the  removal  of  oxygen.  If  the  mineral  ccmtain 
volatile  ingredients,  such  as  snlphur  or  aisenicum,  the  procsen  at 
roatting,  at  oxidation,  is  first  resorted  to.  In  principle  it  ia  very 
simple  ;  the  mode  of  effecting  it  varies,  however,  in  different  cases. 
In  the  most  common  method,  a  furnace  of  particular  conatmc- 
tion,  termed  a  reverberalory,  is  employed. 

Fig.  ^36  iliowt  A  Hction  of  k  reverberatory  fnrnace,  inch  m  ii  emplojed  fir 
routing  copper  ore* ;  t  i«  the  pUtfbnn,  iiom  wbidi  the  hoppers,  h,  h,  sie 
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uhitrged  with  the  ore,  which  st  proper  interrali  is  iiUowed  to  foil  Dpon  the  'btt, 
e  e:  the  Tnel  is  cooaumed  upon  a  diatinct  hearth,  1,  and  doea  not  come  into 
contact  with  the  ore,  from  which  it  is  aepsrated  by  the  bridge,  b ;  the  heated 
gaaea,  u  the;  kriee  from  the  barning  maaB,  are,  frum  the  conitraetioii  ctf  the 
arched  roof,  reverberated,  or  driven  down  upon  the  ore  to  be  rosated,  and  then 
pSBB  off  through  the  floe/:  when  aafficientl;  roaated,  the  ore  ia  allowed  to  iaO 
.  into  the  arched  recees,  e,  beneath  the  bed  of  thH  furnace  through  opening!,  d,  d, 
which  are  kept  cloeed  bj  sliding  plates  tjll  the  roatting  is  complete. 

After  the  fire  has  been  lighted,  a  constant  supply  of  air  to 
the  mineral  ia  maintained,  and  care  is  taken  to  prevent  the  heat 
from  rising  so  high  as  to  melt  the  ore,  which  is  stirred  at  intervals 
to  expose  freah  surfaces  to  the  action  of  the  air :  the  sulphur 
bums  off  in  the  shape  of  sulphurous  anhydride,  which  escapes 
into  the  atmosphere,  whilst  the  arsenicnm  forms  arsenious  anhy- 
dride; most  of  this,  though  volatile,  speedily  becomes  condensed, 
and  is  collected  on  the  sides  of  the  chimney,  or  else  in  chambers 
constructed  for  its  reception,  whence  it  is  removed  at  intervals, 
and  subsequently  purified.     In  metallui^c  operations  where  anl- 
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phides  of  metals  of  different  degrees  of  oxidability  are  present^  it 
may  happen  that  the  sulphide  of  the  more  oxidizable  metal  ia 
completely  converted  into  a  metallic  oxide,  whilst  sulphurous 
anhydride  escapes,  and  that  the  sulphide  of  the  less  oxidizable 
metal  is  reduced  to  the  metallic  state.  For  example,  in  roasting 
copper  pyrites  (the  double  sulphide  of  copper  and  iron),  the  iron 
is  wholly  converted  into  oxide,  whilst  the  copper  is  extracted  at 
once  in  the  metallic  state,  by  a  series  of  careful  roastings  (870). 
In  the  case  of  plumbic  sulphide,  where  the  metal  possesses  but 
a  moderate  degree  of  oxidability,  it  is  also  the  practice  so  to 
regulate  the  supply  of  air  in  the  furnace  that  the  sulphur  is 
wholly  expelled  in  the  oxidised  condition,  whilst  the  greater  part 
of  the  lead  is  extracted  in  the  form  of  metal  during  a  single 
roasting  in  the  reverberatory  (890).  Where  the  metal  possesses  a 
high  degree  of  oxidability,  as  is  the  case  with  zinc,  it  ib  not 
practicable  to  limit  the  degree  of  oxidation  in  this  manner 
during  the  roasting :  the  metal  itself  passes  into  the  state  of  oxide^ 
simultaneously  with  the  expulsion  of  the  sulphur  as  sulphurous 
anhydride  (70a). 

(531)  Reduction,  or  Smeliing.—^The  second  chemical  process 
for  the  extraction  of  the  metals,  that  of  reduction,  is  applicable  to 
most  metallic  oxides,  whether  of  natural  or  of  arti6cial  origin. 
The  object  in  this  case  is  to  remove  the  oxygen,  by  presenting  to 
the  mineral  some  body  which,  at  a  high  temperature,  has  a  stronger 
attraction  for  oxygen  than  the  metal  itself  possesses.  The  furnaces 
employed  in  this  operation  are  often  of  great  size,  and  vary  in 
form  with  the  nature  of  the  metal :  in  them  the  ore  is  heated 
intensely,  in  contact  with  carbon ;  carbonic  oxide  and  carbonic 
anhydride  are  thus  produced,  and  from  their  gaseous  nature  are 
quickly  removed  firom  the  sphere  of  action.  It  becomes  neces* 
sary  at  this  stage  to  get  rid  completely  of  the  earthy  and  other 
impurities  of  the  ore,  which  the  mechanical  operations  never  suc- 
ceed in  removing  entirely,  and  which  often  form  a  large  propor- 
tion of  the  ore.  In  order  to  effect  this,  certain  fluxes,  or  sub- 
stances capable  of  forming  fusible  compoimds  with  the  earthy 
matters,  are  added  at  the  same  time  with  the  carbon ;  these  melt 
and  form  a  kind  of  glass,  through  which  the  reduced  metal,  firom  its 
superior  density,  sinks,  and  is  thus  completely  defended  from  con* 
tact  with  the  air :  the  metal  is  at  suitable  intervals  drawn  off  firom 
the  bottom  of  the  furnace,  while  the  melted  glass— or  slag,  as  i^ 
is  termed — ^runs  off  at  an  aperture  left  in  the  side  for  the  purpose. 
Limestone  is  in  some  cases  added  to  the  ore  with  the  view  of  aid- 
ing the  fusion  of  the  siliceous  impurities :  in  other  instances  fluor- 
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spar  or  some  other  readily  fusible  material  is  added,  for  tlie  pur- 
pose of  increasing  the  fluidity  of  the  slag.  Much  judgment  ia  le- 
quired  in  the  selection  of  the  flux ,  and  in  deciding  upon  the  porcqier 
proportion  to  be  added :  firequently  this  object  is  eoonomically 
effected  by  a  judicious  mixture  of  different  ores  of  the  same  metalt 
each  of  which  aids  the  other  by  supplying  some  compound  which 
was  wanting  to  render  the  slag  sufficiently  fusible. 

The  various  modifications  of  these  processes  will  be  described 
as  they  present  themselves  in  connexion  with  the  different  metals 
which  require  these  modifications.  Other  modes  of  separBtnig 
individual  metals  are  employed^  which  will  be  alluded  to  in  their 
respective  places.  For  details  upon  metallurgic  processes,  Percy's 
Metallurgy,  or  the  fourth  volume  of  Dumas'  valuable  work,  TrmU 
de  Ckimie  appiiquSe  aux  Arts,  may  be  consulted ;  and  the  seoond 
and  third  volumes  of  the  same  work  contain  many  excellent  de- 
scriptions of  processes  in  which  metallic  chemistry  is  applied  to 
the  purposes  of  industry  and  commerce.  Phillips's  MetaUurgff  is 
a  smaller  and  more  compendious  treatise  on  this  subject. 

(532)  ClamficaHon  of  the  Metab.-^The  metals  may  be  divided 
into  eight  groups  (page  12),  regard  being  principally  had  in  this 
arrangement  to  the  convenience  of  indicating  the  method  of  test- 
ing for  the  presence  of  the  metal,  in  the  ordinary  processes  of 
analysis ;  in  consequence  of  which  it  is  sometimes  necessary  to 
depart  from  the  strictly  natural  order. 

In  treating  of  the  groups  of  the  non-metallic  and  electro- 
negative elements,  it  has  been  remarked  that  the  electron^atire 
character  of  those  belonging  to  the  same  group  ia  most  stroni^y 
marked  in  those  which  have  the  lowest  combining  number ;  chlo- 
rine, for  example,  being  more  active  than  bromine,  and  bromiiie 
than  iodine.  With  the  basylous  or  electropositive  element^  the 
reverse  generally  holds  good ;  the  basic  power  of  rubidium,  fiir 
example,  being  greater  than  that  of  potassium,  that  of  potassium 
greater  than  that  of  sodium,  and  that  of  sodium  being  superior 
to  the  basic  power  of  lithium. 

I.  The  metals  of  the  alkalies ;  these  are  five  in  nimiber — ^vix., 

1.  Potassium 

2.  Sodium 


5.  Rubidium. 


3.  Lithium 

4.  Caesium 

These  metals  present  a  close  analogy  in  properties ; 
which  is  intermediate  in  properties  between  potassium  and 
lithium,  possesses  a  combining  number  which  is  the  arithmetic 
mean  of  the  two;  for  24^1=23.     In  like  manner  the  atomic 
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weight  of  rubidium  (85*3)  is  intermediate  between  that  of  caesium 
and  potassium  L3JLt3^=86.     A  similar  remark  is  applicable  to 

the  intermediate  member  of  some  of  the  other  groups. 

The  corresponding  salts  formed  by  the  metals  of  the  alkaline 
group  are  isomorphous  only  when  they  contain  equal  atomic  pro- 
portions of  water  of  crystallization.  With  these  metals  will  be 
described  the  salts  of  ammonium  :  they  are  isomorphous  with  the 
salts  of  potassium^  and  indeed  present  the  closest  analogy  with 
them. 

The  metals  of  the  alkalies  are  distinguished  by  the  following 
characters : — ^They  are  monad  or  uniequivalent,  and  therefore  dis- 
place I  atom  of  hydrogen  from  the  acids.  They  are  soft,  easily 
fusible,  and  volatile  at  high  temperatures :  they  have  an  intense 
attraction  for  oxygen,  and  become  tarnished  immediately  that  they 
are  exposed  to  the  air ;  when  thrown  upon  water  they  decompose 
it  at  all  temperatures  with  rapid  disengagement  of  hydrogen :  they 
each  form  at  least  two  oxides,  but  only  one  of  these,  that  with  the 
smallest  proportion  of  oxygen,  forms  salts  :  the  general  formula  of 
this  basic  oxide  is  M^^O.  These  basic  oxides  combine  with  water 
with  great  avidity,  yielding  soluble  hydrates  of  the  general  formula 
M'HO ;  their  aqueous  solutions  are  powerfully  caustic  and  alkaline. 
When  they  have  once  combined  with  water,  the  compound  thus 
obtained  cannot  be  rendered  anhydrous  by  heat  alone.  In  these 
metals  the  basylous  quality,  or  their  capacity  for  saturating  the 
acids,  is  developed  to  the  highest  degree.  The  hydratcd  alkalies, 
when  exposed  to  the  air,  either  in  the  solid  form  or  in  solution^ 
absorb  carbonic  acid  rapidly :  each  alkali  forms  with  this  acid 
two  salts,  a  normal  carbonate,  and  an  acid  carbonate  commonly 
known  as  the  bicarbonate,  both  of  which  are  freely  soluble  in 
water.  The  metals  of  the  alkalies  combine  with  sulphur  in  several 
proportions ;  all  of  these  compounds,  also,  are  soluble.  With  chlo- 
rine they  form  but  a  single  chloride ;  but  their  oxides  have  the 
power  of  combining  with  chlorine,  and  forming  compounds  pos- 
sessed of  bleaching  properties.  Lithium,  from  the  sparing  solu- 
bility of  its  carbonate,  furnishes  the  connecting  link  between  this 
group  and  the  one  which  follows  it. 

II.  The  metals  of  the  alkaUne  earths  are  three  in  number — ^viz., 

I.  Barium       |        2.  Strontium        |        3.  Calcium. 

These  metals  are  dyad,  i  atom  usually  displacing  2  atoms  of 
hydrogen  from  its  combinations.  They  decompose  water  at  all 
temperatures  with  great  rapidity ;  with  the  exception  of  barium, 
they  each  form  only  one  oxide,  and  this  oxide  combines  witli  iiikX/ex 
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with  ayidity^  but  the  hydrate  so  formed,  with  the  exception  of  that 
of  barium,  may  be  decomposed  by  ignition.  The  hydrated  oxide 
is  soluble  to  a  certain  extent  in  water,  and  is  capable  of  forming 
salts  by  its  reaction  upon  acids.  They  each  furnish  but  one  chlo- 
ride, which  assumes  the  form  of  N^^Cl,.  The  metals  of  this  group 
are  also  powerfully  basylous.  They  form  several  sulphides  which 
are  soluble  in  water,  the  protosulphides  being  less  so  than  those 
which  contain  higher  proportions  of  sulphur.  With  chlorine  their 
oxides  form  bleaching  compounds.  Their  carbonates  are  insoluble 
in  pure  water,  but  are  soluble  to  a  small  extent. in  water  charged 
with  carbonic  acid.  They  form  insoluble  phosphates  and  oxa- 
lates. The  corresponding  salts  of  these  metals  are  in  many  cases 
isomorphous. 

III.  Metals  of  the  earths :  eight  in  number — viz., 


1.  Aluminum 

2.  Olucinum 

3.  Yttrium 


4.  Erbium 

5.  Terbium 

6.  Cerium 


7.  Lanthanum 

8,  Didymium. 


The  oxides  of  this  class  are  insoluble  in  water ;  some  of  them  axe 
dissolved  by  solutions  either  of  the  caustic  alkalies  or  of  their  car- 
bonates. The  phosphates  of  this  group  are  insoluble  in  water. 
Aluminum  and  glucinum  do  not  decompose  water  at  ordinary 
temperatures  unless  the  metals  are  in  a  very  finely  divided  state : 
the  other  metals  of  this  group  are  scarcely  known  in  an  isolated 
form,  and  their  analogies  are  but  ill-defined.  The  oxides  of 
cerium,  lanthanum,  and  didymium,  are  more  or  less  coloured; 
those  of  the  other  metals  are  white.  The  basylous  character  of 
this  group  of  metals  is  much  less  marked  than  that  of  the  pre- 
ceding ones.  When  salts  of  these  metals  in  solution  are  mixed 
with  ammonic  hydrosulphide,  precipitates  consisting  of  hydrated 
oxides  instead  of  sulphides  are  formed,  whilst  sulphuretted 
hydrogen  escapes.  Many  of  these  metals  are  very  rare,  and 
their  properties  have  been  but  imperfectly  examined.  Aluminum, 
by  the  isomorphism  of  its  oxide  with  ferric  oxide,  the  volatility 
of  its  chloride,  its  slight  attraction  for  carbonic  acid,  and  other 
peculiarities,  connects  this  group  with  the  group  of  iron  metals. 
IV.  Magnesian  metals,  three  in  number : — 

I.  Magnesium       |  2,.  Zinc  |       3.  Cadmium* 

Magnesium  is  usually  reckoned  as  one  of  the  metals  of  the 
alkaline  earths ;  but  from  its  power  of  resisting  oxidation  at  the 
ordinary  temperature  of  the  air,  its  volatility  at  high  temperatures, 
the  isomorphism  of  its  salts  with  those  of  zinc,  the  sparing  solu* 
biUty  of  its  oxide  and  its  sulphide,  the  solubility  of  its  sulphate. 
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and  several  other  particulars^  it  stands  in  closer  relation  to  zinc 
and  cadmium.  Magnesiom,  zinc^  and  cadmium  are  dyads ;  thejr 
all  bium  with  flaiQie  when  heated  in  air  to  a  sufficiently  high  tern* 
perature,  and  each  of  these  metals  forms  but  a  single  oxide,  chlo* 
ride,  and  sulphide,  as  well  as  but  a  single  class  of  salts  with  the 
radicles  of  the  acids. 

v.  Metals  more  or  less  analogous  to  iron ;  six  in  number  :-^ 


I.  Cobalt 
a.  Nickel 
3.  Uranium 


4.  Iron 

5.  Chromium 

6.  Manganese. 


They  all  act  in  combination  as  dyads  in  one  series  of  their  com- 
pounds, but  many  of  them  are  triad  in  another  series.  These 
metals,  when  heated  to  dull  redness,  decompose  the  vapour  of 
water  if  it  be  transmitted  over  them,  and  become  converted  into 
oxides,  whilst  hydrogen  escapes:  they  are  also  soluble  with 
effervescence  and  evolution  of  hydrogen  in  diluted  sulphuric  or  in 
hydrochloric  add.  The  protoxides  of  the  metals  of  this  class  are 
powerful  bases:  they  have  the  general  formula  N^'O.  They 
yield  hydrates,  usually  of  the  form  N''0,HgO,  and  lose  their 
water  readily  when  heated.  These  protoxides,  with  the  exception 
of  that  of  uranium,  are  dissolved  more  or  less  fieely  by  ammonia, 
especially  if  ammonic  chloride  be  present  in  the  solution.  Each 
of  the  metals  of  this  group  forms  a  sesquioxide,  which,  excepting 
in  the  case  of  those  of  cobalt  and  nickel,  reacts  with  acids  and 
forms  corresponding  salts :  they  also  form  an  oxide  of  the  form 
NO,N203  corresponding  with  the  magnetic  oxide  of  iron 
(PeO,Fe,0,).  Several  of  the  metals  of  this  group — ^viz.,  iron, 
chromium,  and  manganese — form  trioxides  or  even  higher  oxidesj 
which  are  very  soluble  in  water,  and  fiimish  powerful  metallic 
acids.  Hydrated  sulphides  of  these  metals  are  produced  by  the 
addition  of  a  solution  of  sulphide  of  potassium  or  of  ammonium 
to  a  solution  of  their  salts;  the  precipitate  so  occasioned  is 
insoluble  in  excess  of  the  alkaline  sulphide.  The  chromic  salts, 
however,  are  precipitated  as  hydrated  chromic  sesquioxide,  not  as 
sesquisulphide.  Sulphuretted  hydrogen  gas,  when  transmitted 
through  the  solutions  of  these  metals  acidulated  with  sulphuric 
acid,  occasions  no  precipitate  of  sulphide,  excepting  in  the  case  of 
the  salts  of  cadmium.  Corresponding  salts  furnished  by  the  prot- 
oxides of  this  group  are  isomorphous :  and  the  salts  formed  by 
the  sesquioxides  with  the  same  acid  are  likewise  isomorphous  with 
each  other.  Chromium  and  manganese  ako  exhibit  an  isomor- 
phous relation  to  the  sulphur  group^  inasmuch  as  the  cotiQVgQnidL-> 
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ing  snlpIiEtes,  chiomates,  and  manganates  Iiare  the  same  crjv- 
talline  form.  In  the  case  of  manganese  a  singular  oonnexioii 
with  the  halogens  is  exhibited  in  the  isomorphism  of  the  per- 
manganates with  the  corresponding  perchlorates  and  periodates. 

VI.  Metals  which  yield  acids  when  their  higher  oxideB  are 
combined  with  water;  of  these  there  are  twelve,  as  follow  ?— via.. 


1.  Tin 

2.  Titanium 

3.  Zirconium 

4.  Thorinum 


5.  Molybdenum 

6.  Tungsten 

7.  Niobium 

8.  Tantalum 


9.  Vanadinm 

10.  Arsenicum 

11.  Antimony 

12.  Bismuth. 


The  first  four  of  these  metals  are  biequivalent  or  dyads  under 
certain  circumstances,  but  tetrad  or  quadrequivalent  in  other 
more  usual  cases;  the  next  three  are  sometimes  tetrads^  but 
often  hexads,  or  equivalent  to  six  atoms  of  hydrogen ;  the  three 
which  follow  are  pentad ;  whilst  the  last  three,  though  usually 
triads,  are  occasionally,  as  in  pentachloride  of  antimony,  pentad 
or  quinquequivalent. 

A  close  parallelism  in  properties  exists  between  tin  and  tita* 
nium,  corresponding  compounds  such  as  tinstone  (SnO^)  and 
rutile  (TiOj)  being  isomorphous;  each  yields  a  liquid  volatile 
tetrachloride,  and  in  this  particular,  as  well  as  in  their  powerfbl 
attraction  for  fiuorine,  they  exhibit  considerable  analogy  with 
silicon :  zirconium  and  thorinum  are  similarly  related  to  each 
other  and  to  silicon,  they  furnish  a  dioxide  ;  whilst  niobium^  and 
tantalum,  according  to  Marignac,  and  vanadium,  according  to 
the  recent  researches  of  Boscoe,  all  furnish  an  anhydride  with 
2  atoms  of  the  metal  and  5  atoms  of  oxygen,  form  a  volatile 
pentachloride,  and  yield  definite  compoimds  with  fluorine. 
Molybdenum  and  tungsten,  have  likewise  strong  analogies  with 
each  other. 

Stannous  oxide  is  a  poweriul  base;  but  basic  qualities  are 
nearly  wanting  in  the  oxides  of  the  other  metals  in  this  group. 
The  metals  included  in  this  class  decompose  water  when  its  vapour 
if  driven  over  them  at  a  red  heat  (with  the  exception  of  arse- 
nicum,  which  is  more  allied  in  character  to  phosphorus  than  to 
the  metals):  but  they  do  not  evolve  hydrogen  when  treated  with 
diluted  sulphuric  acid,  owing  to  their  want  of  basylous  power. 
Many  of  them,  owing  to  this  tendency  to  form  acids,  decompose 
water  with  evolution  of  hydrogen  in  the  presence  of  a  powerful 
base,  such  as  potash.  The  metallic  acids  formed  by  these  metals 
are,  with  the  exception  of  arsenic  add,  nearly  insoluble  in  water. 
The  persulphides  of  this  group  of  metals  are  soluble  in  the  sol- 
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phides  of  the  alkali-metals,  and  in  many  cases  form  crystal- 
lizable  compounds  with  them. 

VII.  The  next  group  contains  four  metals : — viz., 

I.  Copper       I     2.  Lead       |    3.  Thallium       |    4.  Indium. 

They  are  not  related  to  each  other  by  any  strong  chemical  resem- 
blances ;  copper  and  lead  exert  no  decomposing  action  upon  water, 
even  at  a  fall  red  heat ;  all  form  powerfully  basic  oxides.  Copper 
and  lead  exhibit  a  considerable  tendency  to  the  formation  of  basic 
salts :  they  are  not  dissolved  by  either  diluted  sulphuric  or  hydro- 
chloric acid;  they  are  precipitated  from  acid  solutions  by  sul- 
phuretted hydrogen,  and  their  sulphides  do  not  combine  with  the 
sulphides  of  the  alkali-metals,  but  in  the  case  of  thallium  the 
precipitation  is  incomplete.  Copper  forms  salts  which  are 
isomorphous  with  those  derived  from  the  protoxides  of  the  metals 
in  the  iron  group,  and  in  the  compounds  which  it  forms  with 
carbonic  acid,  displays  a  close  correspondence  with  magnesium 
and  zinc,  as  well  as  with  cobalt  and  nickel ;  and  lead  in  some  of 
its  compounds  is  isomorphous  with  those  of  the  alkaline  earths, 
but  in  chemical  properties  it  is  more  allied  to  mercury  and  silver; 
whilst  in  some  organo-metallic  compounds  it  has  tetrad  powers. 
ThaUium  is  usually  monad,  occasionally  triad ;  copper  is  occa- 
sionally monad,  as  in  the  cupreous  chloride,  but  in  the  majority 
of  cases  it,  like  lead,  is  dyad  in  function. 

VIII.  The  last  group  consists  of  the  noble  metals,  of  which 
there  are  nine — ^viz.. 


I.  Mercury 
a.  Silver 
3.  Gold 


4.  Platinum 

5.  PaUadium 

6.  Rhodium 


7.  Ruthenium 

8.  Osmium 

9.  Iridium. 


These  metals  are  unable  to  decompose  water  at  any  temperature. 
They  have  but  a  feeble  attraction  for  oxygen ;  the  oxides  of  the 
first  five  are  decomposed  by  simply  heating  them  to  a  tem- 
perature below  a  visible  red,  the  metal  remaining  in  an  uncom- 
bined  form ;  and  in  many  cases  simple  exposure  to  a  strong  light 
produces  a  similar  decomposition ;  all  of  them  yield  more  than 
one  series  of  salts.  Mercury  and  silver  are  often  found  mineralized 
in  the  form  of  sulphides,  but  the  other  metab  of  this  group 
usually  occur  in  the  native  state,  several  of  them  being  frequently 
associated  together.  Their  attraction  for  sulphur  and  for  chlorine 
is  much  stronger  than  for  oxygen.  All  of  them  form  at  least  two 
chlorides,  and  some  three  or  even  four:  the  chlorides  of  the 
noble  metals  have  a  strong  tendency  to  form  double  chlorides 
with  the  chlorides  of  the  metals  of  the  alkalies. 
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Silver  exliibits  considerable  analogy  with  lead :  it  is  power- 
fully  basylous ;  palladium  is  somewhat  allied  to  copper* . 

§  II.  General  Propebties  of  the  Compounds  of  the  Metals 

WITH  THE  NON-METALLIC  ELEMENTS. 

(533)  The  Oxides. — ^The  most  important  compoTmds  of  the 
metids  with  the  non-metallic  bodies  are  those  which  thej  &nn 
with  oxygen.  The  oxides  in  many  cases  constitute  abundant  and 
valuable  metallic  ores ;  such  as  the  different  forms  of  haematite, 
the  specular  and  magnetic  iron  ores,  and  tinstone,  the  ordinary 
ore  of  tin. 

The  metallic  oxides  may  be  subdivided  according  to  their 
chemical  functions  into  3  classes  : — ^viz.,  i^  basic  oxides ;  2,  saline 
or  indifferent  oxides;  and  3,  metallic  anhydrides,  which  when 
hydrated  form  the  metallic  acids. 

The  atomic  proportions  in  which  the  constituents  of  the  prin- 
cipal varieties  of  metallic  oxides  are  united  are  exhibited  in  the 
following  table : — 

1.  Suboxides,  yyNjjO,*  of  the  type  HgO ;  feebly  basic,  such  as- 

Cupreous  oxide         ,,Cu^O. 

2.  Monoxides f  M'^O  or  N"0,  of  the  type  H^O;  strongly 
basic,  such  as — 

Argentic  oxide,         -^J^       \  Lime,         Ca"0. 


*  When  the  atom  of  a  dyad  enters  into  combination  with  powen  eqidvakst 
only  to  those  of  the  atom  of  a  monad,  the  faet  may  be  indicated  aa  in  the  texti 
by  placing  two  dashes  at  the  bottom  and  to  the  left  of  the  symbol. 

t  These  oxides  may,  in  fact,  be  regarded  as  compounds  formed  upon  the 
type  of  a  single  atom  of  water,  HHO,  if  each  atom  of  hydrogen  in  the  mole- 
cole  is  displaced  by  an  atom  of  a  metallic  monad,  such  as  potassiam  ;  or  if  both 
atoms  of  hydrogen  be  displaced  by  a  single  atom  of  a  metallic  dyad,  suoh  as 
barium,  we  have  an  analogous  oxide ;  for  example  :— 

HHO,  water, 

KEO,  anhydrous  potash, 

Ba^'O,  anhydrous  baryta; 

but  if  only  one  atom  of  hydrogen  be  displaced  by  the  metallic  monad  we  have  a 
hydrate  of  the  metallic  oxide.  If  the  metallic  dyad  displaces  half  the  hydrogfn 
of  two  atoms  of  water,  we  have  a  hydrate  of  the  oxide  of  the  metallic  djad*  ai 
for  instance :— - 

*T  V  0,  potassic  hydrate  ;         Ba'^       ,  baric  hydrate. 

^J  H    SO 

In  the  sesquioxides  and  trioxides  the  molecular  type  is  a  group  conaiathig 
of  three  atoms  of  water,  each  atom  of  the  metal  representing  3  or  6  atoma  of 
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3.  Sesqmoxides,  N'^jOg,  of  the  type  H^O,;     feebly   basic, 
neutral,  or  even  acid,  such  as — 

Alumina,  Al'^jOj 

XJranic  sesquioxide,  ^fis 

Cobaltic  sesquioxide,  Co'^jOj 

Arsenious  sesquioxide,  As^'gOj. 

4.  Three-fourths  oxides,  NjO^  of  the  type    HgO^:   saline 

oxides,  such  as — 

Magnetic  oxide  of  iron,  Fe''Fe'"j,0^  or  Fe''0,Fe%08 
Chrome  ironstone,         Fe''0,Cr'"j,03. 

5.  Dioxides,  N^^O^,  of   the  type   H^O,;   rarely   basic,    but 
generally  neutral  or  acid,  such  as — 

Platinic  dioxide,      Pt^^Oj 
Baric  dioxide,  ^^O, 

Stannic  dioxide,      Sn^^O^. 

6.  Trioxides,  N^j,  of  the  type  Hfi^ ;  metallic  anhydrides, 
such  as— • 

Molybdic  trioxide,     Mo^Oj 
Tungstic  trioxide,      W^O,. 

7.  Anhydrides,  R'jOj,  of  the  type  Hi^Og— 

Arsenic  anhydride,       As^Og 
Antimonic  anhydride,  Sb^Og. 

The  oxides  constitute  so  important  a  series  of  compounds,  that 
it  will  be  necessary  to  consider  their  relations,  particularly  to  water 
and  to  the  acids,  somewhat  more  in  detail,  classifying  them  in  the 
order  just  indicated. 

f .  Suboxides,  of  the  type  „NjO. — A  few  of  the  dyad  metals, 
such  as  copper,  lead,  and  mercury,  form  oxides  in  which  one 
atom  of  the  metal,  which  usually  is  equivalent  to  two  atoms  of 
hydrogen,  becomes  for  the  time  equivalent  only  to  a  single  atom 
of  hydn^en.  For  example,  we  have  the  cupreous  oxide,  or  red 
oxide  of  copper  (Cu^O) ;  mercurous  oxide,  or  black  oxide  of  mer- 
cury (HggO,) ;  and  plumbous  oxide  (PbgO).  Though  these  oxides 
usually  give  rise  to  an  imstable  series  of  salts,  they  frequently 
become  decomposed  into  the  normal  oxide  and  free  metal; 
cupreous  oxide,  for  instance,  becoming  converted  into  metallic 


hydrogen  in  the  combination ;  alnmina  being  (A1'''),0,,  and  its  nonnal  hydrate 
A1'"H,0,. 

The  dioxides  correspond  in  composition  to  a  groap  containing  a  atoms  of 
water ;  the  f  oxides  to  a  group  containing  4  atoms  of  water,  and  so  on,  as  indi- 
cated in  the  table. 
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copper  and  the  black  oxide;  Cu^O^Ca-^CnO;  but  viik  kydio- 
cLkjiic  acid  the  reaction  if  a«  foIloTB :  Cn^O-r^HClsH^O+CiiyQi. 
No  XiOnnal  bjdraxei  of  these  oxides  appear  to  exifC,  the  mercmoi 
az^  plomboos  oxide  bein^  anhTdroiu,  aiid  the  rellov  hjdratcd 
cupreous  oxide  being  ^CufiJiJOg  in^fad  of  CaHO. 

2.  Iff/moridet,  of  the  trpe  M'^O,  or  N"0. — This  cdaas  ct  oxidei 
includes  all   the  moat  poverful  bases :  ther  are  fcHmed  bjr  the 
union  either  of  2  atoms  of  a  metallic  monad  vith  i  atom  of  oxTgeOf 
or  bj  the  union  of  i  atom  of  a  metallic  dyad  and  i  of  oxygoL 
The  first  snbdirision  includes  the  ire  alkalies  and  the  oxides  of 
thallium  and  silver.     Among  the  members  of  the  second  sobdin- 
sion  are  included  the  alkaline  earths,  the  oxides  of  1^«»1»— mw*^ 
didrmiumy  magnesium,  zinc,  and  cadmium,  and  the  piotoxides  of 
cerium,  uranium,  cobalt,  nickel,  iron,  chromium,  manganese,  tin, 
copper,  lead,  menrurr,  and  palladium.     The  anhTdrous   oxides  of 
the  alkali-metak  become  couTened  into  hTdrates  with  extzicatioa 
of  intense  heat  on  the  addition  of  water,  which  dissolves  them 
rapidly  and  in  large  quantity ;  one  atom  of  water  and  one  of  alkali 
yielding  two  atoms  of  the  hydrate:  e.^.,  KKO+HHO=2ELH0. 
The  hydrates  of  the  alkalies  cannot  be  again  decomposed  by  ex- 
posure to  heat,  but  are  slowly  volatilized  without  decomposition  by 
a  prolonged  elevation  of  temperature.     Hydrated  ai^ntic  oxide 
is  very  unstable ;  it  is  soluble  only  in  a  very  slight  degree. 

The  action  of  water  upon  anhydrous  baryta,  strontia,  and 
lime  is  also  very  energetic,  a  single  atom  of  the  hydrate  being  in 
each  case  formed  by  the  combination  of  single  atoms  of  water  and 
the  earth:  as, for  instance,  C^O -{-Kfi^CaUfi^  Calcic  hydrate 
requires  a  full  red  heat  for  its  decomposition,  but  the  hydrates  of 
baryta  and  strontia  fuse  at  an  elevated  temperature,  and  baric 
hydrate  does  not  part  with  water,  even  by  prolonged  ignition. 
These  hydrates  arc  soluble  in  water,  though  that  of  lime  is  but 
sparingly  so.  Magnesia  combines  very  slowly  with  water.  It  is 
very  sparingly  soluble;  plumbic  and  mercuric  oxide  are  each 
somewhat  more  soluble.  The  other  oxides  above  enumerated  do 
not  when  anhydrous  combine  with  water  when  mixed  with  it. 
Their  monohydrates  may  usually  be  obtained  by  precipitating  a 
solution  of  one  of  their  salts  by  the  addition  of  a  solution  of  one 
of  the  alkalies  in  slight  excess.  Hydrated  cupric  oxide  has,  how- 
ever, the  formula  CuO.sH^O ;  and  the  hydrated  oxides  of  lead  and 
tin  consist  of  2PbO,HjO,  and  aSaO,!!^^ 

Most  of  the  monoxides,  by  their  reaction  with  the  ordinarf 
acids,  form  salts  which  are  neutral  in  their  action  upon  test-paper. 
The  following  equations  may  be  taken  as  exemplifying  some  ordi- 
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nary  cases  of  the  action  of  acids  npon  these  oxides  and  their 
hydrates : — 

Ag,0   +  2HN0,=H,0  +  aAgNOj 

KHO  +  HQ      =HjO  +  KCl 

TlgO     +  2HI      =Ufi  +  aTlI 

CaO     +  H,SO^  =HjO  +  CaSO^. 

3.  Sesquioxides,  of  the  type  N^'jOg. — ^Most  of  the  oxides  of 
this  class  are  feeble  bases;  among  them  are  included  alumina^ 
and  the  sesquioxides  of  cerium,  uranium,  iron,  manganese, 
chromium,  antimony,  and  bismuth.  They  furnish  salts  when 
acted  upon  by  acids,  but  all  these  salts  redden  litmus :  usually  3 
atoms  of  water  are  separated  by  the  reaction  of  the  base  upon  the 
acid ;  as,  for  instance, 

Cr^Oj  +  6Ha       =  3H2O  +  Cr^Cl^ 
Pe^Oj  +  3^280^  =  3H,0  +  Fcj^SO,. 

These  oxides  of  iron,  antimony,  and  aluminum,  however,  occa- 
sionally, and  uranic  oxide  invariably,  form  salts  with  the  elimi- 
nation of  I  atom  of  water  only,  two- thirds  of  the  oxygen  remain- 
ing in  a  state  apparently  of  intimate  combination  with  the  metal ; 
for  instance : — 

Sesquioxides  of  cobalt  and  nickel  exhibit  no  tendency  to  form 
salts  by  reaction  either  with  acids  or  bases.  When  heated  with 
hydrochloric  acid,  they  evolve  chlorine  and  furnish  a  lower  chlo- 
ride; no  chloride  corresponding  to  these  sesquioxides  being 
known : — 

CojO, + 6Ha = aCoCl^  -f  Clj  -f  3H,0. 

Sesquioxide  of  arsenicum  possesses  no  basic  properties,  but  when 
dissolved  in  water  is  feebly  but  decidedly  acid ;  the  sesquioxide  of 
gold  is  insoluble  in  water,  but  its  hydrate  (H20,Auj03,  or  AuHOj) 
presents  the  properties  of  an  acid,  though  they  are  but  feebly 
marked. 

The  basic  sesquioxides  have  but  a  feeble  attraction  for  water ; 
when  precipitated  by  alkaline  solutions  from  the  solutions  of  their 
salts,  they  fiimish  very  bulky  gelatinous  precipitates,  which  easily 
lose  water  during  drying. 

4.  Three-fourths  Oxides,  of  the  type  N3O4  or  N"0,N'"303.— 
These  oxides  do  not  form  salts  with  acids,  being  probably  com- 
pounds of  a  protoxide  with  a  sesquioxide,  into  the  compounds  cor- 
responding to  which  they  are  resolved  by  the  action  of  acids ;  as 
for  instance:   FejO^+ 8 Ha=FeCL,+Fe,a^+ 4X15^0.      Ma^jjaiede 

II.  % 


888  TABISTIB8  07   THE   METALLIC   OXIDES. 

oxide  of  iron,  FcgO^  or  FeO^FcjOg,  is  the  best  representatiTe  of 
the  class,  which  is  rather  numerous,  and  includes  correspondiiig 
oxides  of  chromium,  uranium,  manganese,  nickel,  and  coball^ 
besides  the  double  oxides,  chrome  ironstone,  FeOjCrgO^ ;  spindly 
MgO,Al303 ;  gahnite,  ZnO,AljO,. 

5.  Dioxides  of  the  type  MjO,  or  N^'^O,. 

Of  these  there  are  three  distinct  varieties. 

The  first  variety  comprises  the  basic  oxides,  of  wliich  the 
platinic  oxide  (PtO^)  and  palladic  oxide  (PdO,)  are  the  most  im- 
portant j  they  are  feeble  bases,  and  with  water  form  hydrates,  sucb 
as  (PtOjpaHjO). 

The  second  variety  is  represented  by  the  peroxides  of  aodima 
(Na^O,)  and  silver  (Ag^O^),  and  those  of  barium  (BaO^,  manganese^ 
and  lead.  These  oxides  do  not  form  corresponding  salts  with  add^ 
nor  do  they  yield  corresponding  chlorides :  they  retain  the  second 
atom  of  oxygen  but  feebly.  When  heated  with  oil  of  vitriol  they 
give  off  oxygen,  and  form  a  sulphate  corresponding  to  the  prot* 
oxide;  aMn02+aHj,SO^=2MnS04+Oj+2H30.  When  tzeated 
with  hydrochloric  acid  they  either  furnish  hydric  peroxide,  or 
liberate  chlorine  and  form  water ;  as  for  example  : — 

I.  BaOj+aHa=BaClj+HjO,; 

a.  MnOj+4Ha=MnClj,+aHjO+Cl,. 

Of  these  dioxides  some,  as  those  of  potassium  and  sodium,  are  d^ 
composed  with  evolution  of  oxygen  when  thrown  into  water ;  baiic 
dioxide  forms  the  hydrate  {BB.0^6Kfi) ;  whilst  the  peroxides  of 
manganese,  lead,  and  silver  do  not  become  hydrated,  the  three 
oxides  last  mentioned  conduct  the  voltaic  current :  plumbic  di- 
oxide, indeed,  exhibits  some  properties  of  a  metallic  anhydride^ 
and  when  fused  with  the  hydrated  alkalies  furnishes  componndi 
^own  as  plumbates,  whilst  water  is  evolved;  2KHO  +  PbOj= 
K^PbOj  +  HgO. 

In  the  third  variety  of  dioxides  the  character  of  the  metaUie 
anhydrides  is  distinctly  marked ;  such,  for  example,  as  the  atannie 
and  the  titanic  anhydrides,  with  which  silica  and  zirconia  ought 
also  to  be  classed :  these  oxides  do  not  unite  with  water  when 
placed  in  contact  with  it,  but  yield  hydrates  possessed  of  feeUy 
marked  acid  characters  when  precipitated  with  due  precautioni 
from  their  combinations.  For  each  of  these  dioxides  a  oone^ 
spending  chloride,  containing  4  atoms  of  chlorine,  may  be  obtained. 

6.  TrioxideSy  of  the  type  N'^Oj. 

This  class  includes  the  metallic  anhydrides  in  which  the  acid 
property  is  most  strongly  developed ;  such,  for  examjde,  as  ehromiCi 
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molybdic^  tungstic^  and  ruthenic  anhydrides.  Although  the  ferric 
and  manganic  anhydrides  have  not  been  isolated^  their  place  is 
obviously  in  this  group.  The  molybdic^  tungstic^  and  ruthenic 
anhydrides  are  insoluble  in  water. 

7.  Anhydrides,  of  the  type  R^Oj. 

Arsenic^  vanadic,  and  antimonic  anhydrides^  ^fi^,Yfi^  and 
SbjOj  are  the  representatives  of  this  group  of  oxides :  when  com- 
bined with  water  they  furnish  well-marked  metallic  acids.  Arsenic 
anhydride  is  deliquescent  and  freely  soluble ;  vanadic  anhydride  is 
slightly  soluble ;  the  antimonic  compoimd  does  not  combine  with 
water  when  mixed  with  it. 

The  properties  of  the  metallic  acids  or  hydrated  compounds 
obtained  by  the  action  of  these  dioxides^  trioxides^  and  peroxides 
upon  water,  directly  or  indirectly,  will  be  referred  to  again  here- 
after, when  the  bodies  themselves  are  described. 

The  compounds  of  the  same  metal  with  oxygen  are  often 
numerous ;  and  the  extremes,  or  the  oxide  with  the  maximum  of 
oxygen,  and  the  oxide  with  the  mimmnm  of  oxygen,  frequently 
present  chemical  qualities  of  opposite  kinds,  the  former  being 
electronegative,  and  possessing  acid  properties,  whilst  the  lower 
oxides  are  electropositive,  or  basic  in  their  nature. 

An  excellent  instance  of  this  kind  is  afforded  in  the  various 
oxides  of  manganese :  the  protoxide  (MnO)  is  a  powerful  base ; 
the  sesquioxide  (Mn^Og)  is  a  much  weaker  base;  the  red  oxide 
(MnO,Mh,03)  is  a  saline  or  indifferent  oxide,  and  shows  little  dis- 
position to  fiimish  corresponding  salts  by  reaction  either  upon  acids 
or  alkalies,  and  the  same  may  be  said  of  the  black  oxide  (MnO^); 
while  the  two  higher  oxides,  which,  however,  are  only  known  in 
combination  either  with  hydrogen  or  the  metals,  are  soluble  in 
water,  when  they  constitute  the  manganic  and  permanganic  acids 
(HjMnO^  and  HMnOJ.  As  a  general  rule,  the  greater  the 
number  of  atoms  of  oxygen  which  an  oxide  contains,  the  less  is 
it  disposed  to  form  salts  by  reaction  with  the  acids ;  on  the  con- 
trary, its  hydrate  frequently  possesses  acid  properties,  and  then  it 
reacts  upon  bases  to  form  salts. 

Hie  basic  oxides  in  general  are  devoid  of  all  metallic  appear- 
ance, and  present  par  excellence  the  characters  of  earthy  matters.^ 
The  protoxides,  when  solid,  are  all  insulators  of  the  voltaic  cur- 
rent ;  but  some  of  the  higher  oxides,  such  as  the  peroxides  of  silver, 
lead,  and  manganese,  allow  it  to  pass  with  facility.  It  is  singular 
that  all  these  conducting  peroxides  may  be  formed  in  solutions  of 
salts  of  their  respective  metals  by  the  action  of  the  current  itself. 

1% 
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The  oxides,  when  foimd  crystallized  in  the  native  state,  are 
much  harder  than  the  metals  that  furnish  them,  and  they  gens- 
rally  have  a  specific  gravity  considerably  less  than  that  of  the 
metals  themselves.  All  the  oxides  are  solid  at  ordinary  tempen- 
tares ;  many  of  them  are  fusible  at  a  red  heat,  such,  for  «TOTrip^ 
as  the  protoxides  of  potassium,  sodium,  and  lead,  and  the  sesqni- 
oxide  of  bismuth :  but  cupric  oxide,  molybdic  triozide^  chiomie 
sesquioxide,  and  black  oxide  of  iron,  require  a  much  higher  tem- 
perature to  effect  their  fusion.  Baryta,  strontia,  and  ahmuns 
require  the  heat  of  the  oxyhydrogen  jet ;  while  some  oxides^  audi 
as  lime  and  yttria,  exhibit  no  appearance  of  fusion,  even  after  tbs 
application  of  this  intense  heat. 

As  a  general  rule,  the  addition  of  oxygen  to  a  metal  leodeB 
it  much  less  fusible  and  volatile.  Ferrous  oxide,  chromie  sesqfid- 
oxide,  and  molybdic  trioxide,  are  the  only  oxides  which  melt  at  a 
temperature  below  that  of  the  metal  from  which  they  are  pro- 
duced. A  few  of  the  oxides  are  volatile  at  moderate  tempera- 
tures ;  among  these  are  arsenious  and  antimonious  sesquioxide  and 
osmic  tetroxide.  Nine  only  of  the  basic  oxides  are  salable  m 
water  to  any  considerable  extent — ^viz.,  the  five  alkaliea,  and 
baryta,  strontia,  lime,  and  thallious  oxide.  The  insolubility  of  the 
oxides,  however,  is  far  from  being  so  complete  in  general  aa  that 
of  the  corresponding  sulphides,  and  consequently,  except  in  par- 
ticular cases,  it  is  less  advisable  in  analytical  operations  to  separate 
the  metals  in  the  form  of  oxides  than  in  that  of  sulphides ;  the 
oxides  of  lead,  silver,  and  mercury  in  particidar,  are  perceptQ^ 
soluble  in  pure  water. 

Those  hydrated  compounds  of  oxygen  with  the  metals  which 
possess  acid  characters — such  as  the  chromic,  manganic,  and 
arsenic  acids — are  often  freely  soluble  in  water ;  but  even  thoie 
acids,  which,  like  the  tantalic,  molybdic,  and  tungstic,  are  nearly 
insoluble,  usually  redden  litmus-paper,  though  their  anhydrides 
have  no  such  effect. 

Preparation, — Most  of  the  oxides  may  be  procured  in  com- 
bination with  water;  generally  speaking,  these  hydrated  oxida 
are  obtained  by  double  decomposition,  on  the  addition  of  ibe 
solution  of  an  alkali  to  one  of  their  soluble  salts :  in  this  manner 
ziucic  sulphate  yields  hydrated  zincic  oxide  on  adding  potasnc 
hydrate  to  its  solution ;  ZnSO^  +  aKHO = K^SO^ + ZnH^O,.  He 
metals  which  form  powerful  bases,  like  the  alkalies  and  ^llrAlnig 
earths,  retain  the  water  with  great  obstinacy ;  while  others^  which 
are  less  powerful  bases,  such  as  hydrated  cupric  oxide^  are  de- 
composed at  a  temperature  below  that  of  boiling  water. 
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The  anhydrous  oxides  may  be  obtained  in  several  ways: — 
I. — ^They  may  often  be  formed  directly,  by  burning  the  metal  in  air, 
or  in  oxygen  gas.  This  process  is  best  adapted  to  metals  which, 
like  zinc  or  arsenicnm,  are  volatile,  or  which  produce  fusible 
oxides,  like  iron  or  lead ;  in  such  cases  the  oxide  is  removed  as 
fieist  as  it  is  formed,  and  fresh  surfaces  of  the  metal  are  continually 
exposed  to  the  action  of  the  gas.  Anhydrous  potash  and  soda  are 
obtained  by  this  method ;  and  it  is  resorted  to  on  the  large  scale 
in  the  preparation  of  arsenious  anhydride,  and  of  the  oxides  of 
zinc  and  lead.  Several  of  the  metallic  protoxides,  if  roasted  at  a 
low  red  heat  in  a  current  of  air  or  of  oxygen,  absorb  an  additional 
quantity  of  oxygen.  Litharge,  or  protoxide  of  lead,  is  thus  con- 
verted into  red  lead,  2PbO,Pb02 ;  and  baric  dioxide,  BaO<j,  may 
in  this  way  be  obtained  from  baryta.  a. — Another  method 
consists  in  the  formation  of  a  nitrate  of  the  metal  by  means  of 
nitric  acid ;  the  nitrate  is  then  decomposed  by  heat,  which  expels 
the  elements  of  the  anhydride  and  leaves  the  oxide :  in  this  way 
the  oxides  of  mercury,  bismuth,  antimony,  copper,  barium,  and 
strontium  are  prepared.  3. — In  some  cases  it  is  found  advan- 
tageous to  prepare  the  oxide  by  the  decomposition  of  the  carbonate 
of  the  metal  by  heat.  All  the  carbonates,  with  the  exception  of 
those  of  caesium,  rubidium,  sodium,  potassium,  and  barium,  are  de- 
composed at  a  red  heat ;  lithic  carbonate,  however,  is  only  incom- 
pletely decomposed.  Lime  is  thus  commonly  obtained  from 
limestone,  which  is  an  impure  carbonate.  4. — Sometimes  the 
hydrated  oxide  is  first  precipitated,  as  already  mentioned,  and 
then  rendered  anhydrous  by  heat ;  in  this  maimer  the  ferric  and 
uranic  oxides  are  often  prepared.  5. — Occasionally  the  ignition 
of  a  sulphate  is  resorted  to,  as  in  preparing  alumina  and  ferric 
oxide.  6. — All  the  acid  oxides  may  be  obtained  by  deflagrating 
the  metal  or  its  sulphide  with  nitre ;  the  tendency  of  the  metallic 
acid  to  form  a  salt  by  reaction  with  the  alkali  favours  the  oxida- 
tion of  the  metal :  the  higher  oxides  of  osmium,  titanium,  man- 
ganese, and  chromium,  as  well  as  of  some  other  metals,  may  be 
obtained  in  this  way. 

Decompositions. — i.  By  the  action  of  a  red  heat  many  of  the 
oxides  lose  their  oxygen,  either  partially  or  entirely.  The  oxides 
of  gold,  silver,  mercury,  platinum,  and  palladium  may  thus  be 
completely  reduced ;  the  peroxides  of  lead,  cobalt,  nickel,  and 
barium,  return  to  the  state  of  protoxide ;  and  the  metallic 
anhydrides  lose  a  portion  of  their  oxygen ;  for  example,  arsenic 
and  chromic  anhydrides  are  thus  converted  respectively  into 
arsenious  anhydride  and  chromic  oxide.     The  higher  oxides  of 
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iron  and  manganese  furnish  the  magnetic  oxide,  ^^^4^  *^  ^ 
red  oxide  Mn^O^.  It  may  be  stated  as  a  general  rule,  Iiabk 
however  to  exception,  especially  in  the  case  of  the  acidifiaUe 
metals,  that  the  attraction  of  a  metal  for  oxygen  increases  in  tlie 
inverse  proportion  of  its  specific  gravity;  the  lightest  metahi 
such  as  potlkssium  and  sodium,  being  the  most  readily  oxidised, 
while  platinum,  iridium,  and  gold,  which  are  the  densert 
metals,  are  also  those  which  show  the  smallest  tendency  to  caok* 
bine  with  oxygen. 

2. — ^The  oxides  are  not  affected  by  hydrogen  gas  at  the  oidioaiy 
temperature  of  the  air.  All  the  higher  oxides  of  the  metals  sis 
readily  reduced  to  protoxides  by  hydrogen  at  a  low  red  hesty 
whilst  water  is  formed ;  and  at  a  full  red  heat  a  large  number  of 
them  are  reduced  to  the  metallic  state.  This  reduction  goes  oil 
most  readily  when  the  current  of  hydrogen  is  brisk,  so  that  the 
vapour  of  water  is  carried  away  as  fast  as  it  is  formed.  l%e 
oxides  of  many  of  the  metals  which  decompose  water  at  a  rsd 
heat  may  nevertheless  be  deprived  of  their  oxygen  in  a  biiak 
current  of  hydrogen ;  this  is  the  case,  for  example,  with  the  oxidei 
of  iron,  zinc,  and  cadmium ;  but  not  with  those  of  chromium  or 
manganese.  The  alkalies  and  the  earths  are  not  reducible  by 
hydrogen. 

3. — ^The  reducing  action  of  carbon  at  a  high  temperature  is 
still  more  important ;  all  the  metals  which  yield  their  oxygen  to 
hydrogen  do  so  to  carbon,  and  potassium  and  sodium  are  obtain- 
able from  their  compoimds  by  its  agency.  This  arises  in  part 
from  the  volatility  of  these  two  metals,  which  is  sufficient  to 
enable  them  to  be  distilled  from  the  carbonaceous  mixture. 
Lithium  and  the  metals  of  the  earths  are  not  sufficiently  volatile 
to  pass  over  in  vapour,  and  though  their  attraction  for  oxygen  is 
less  intense  than  that  of  potassium  or  of  sodium,  they  cannot  be 
obtained  from  their  oxides  by  the  action  of  carbon.  It  depends 
upon  the  nature  of  the  metal,  and  upon  the  temperature  em- 
ployed, whether  the  gas  that  is  formed  during  the  reduction  be 
carbonic  oxide  or  carbonic  anhydride.  The  more  readily  oxidis- 
ablc  metals,  such  as  potassium,  zinc,  and  iron,  at  a  high  tempera- 
ture decompose  carbonic  anhydride,  so  that  carbonic  oxide  only  is 
formed  when  they  are  reduced ;  while  if  the  reduction  takes  place 
readily,  as  is  the  case  with  copper  and  lead,  carbonic  anhydride  is 
obtained. 

4. — Dry  chlorine  sometimes  even  without  the  application  of 
heat,  decomposes  the  basic  metallic  oxides,  such  as  argentic  and 
mercuric  oxide^  expelling  their  oxygen,  and  converting  them  into 
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chlorides.  At  an  elevated  temperature  few  of  them,  excepting 
magnesia  and  the  earths  in  the  third  group,  resist  its  action: 
the  oxides  of  gold  and  platinum  are  simply  reduced  to  the 
metallic  state,  but  chlorides  of  the  metals  are  formed  in  other 
cases. 

If  the  oxides  be  hydrated  and  suspended  in  water,  the  action 
of  chlorine  is  quite  different ;  the  metab  of  the  first  two  groups 
yield  bleaching  compoimds,  and  by  heat  are  conrerted  into  chlo* 
rates  and  chlorides,  in  the  manner  already  explained  (379).  The 
oxides  of  the  third  group,  the  earths  proper,  experience  no  par- 
ticular  change,  but  those  in  the  ferric  group  are  converted  into 
a  mixture  of  chloride  and  hydrated  sesquioxide.  The  sesquioxides 
of  cobalt  and  nickel  are  usually  prepared  in  this  manner :  for 
example,  3CoH,0,+Clj=CoCljj+Coj,Ojp3H20. 

If  the  liquid  be  strongly  alkaline,  the  whole  of  the  metal  may  be 
converted  into  sesquioxide;  2CoKfi^+2KH.0  +  Cl^=Cofi^,^13.fi 
+  2KCI.  The  potash  in  this  case  parts  with  its  oxygen,  which 
is  transferred  to  the  cobalt,  whilst  the  chlorine  combines  with  the 
potassium.  The  protoxide  of  manganese,  under  these  circum- 
stances, yields  the  hydrated  peroxide,  "MinO^allfi. 

If  the  metal  be  capable  of  forming  an  acid  with  3  atoms  of 
oxygen,  the  process  of  oxidation  may  even  proceed  further,  and 
the  sesquioxide  may,  in  the  presence  of  a  large  quantity  of  potash, 
become  converted  into  the  metallic  acid,  which  reacts  upon  a 
portion  of  the  excess  of  alkali  and  forms  a  salt,  as  in  the  case 
of  ferric  oxide,  when  potassic  ferrate  is  produced ;  FejOg,3H20 
+  ioKHO  +  3Gl,=aK,FeO^+6Ka  +  8jHO. 

5. — Most  of  the  oxides  are  decomposed  more  or  less  com- 
pletely when  heated  with  sulphur;  the  alkalies  and  alkaline 
earths  are  converted  into  a  mixture  of  sulphate  and  sulphide,  but 
magnesia,  chromic  oxide,  stannic,  and  titanic  anhydrides,  as 
well  as  the  metals  of  the  earths  proper,  are  imaltered.  Most  of 
the  other  oxides  are  converted  into  sulphides,  with  escape  of 
sulphurous  anhydride.  The  oxides  are  more  readily  decomposed 
by  sulphur  if  they  be  previously  mixed  with  carbon. 

(534)  Estimation  of  Oxygen  in  Metallic  Oxides, — ^The  com- 
position of  a  metallic  oxide  may  be  ascertained,  if  it  be  decom- 
posable by  hydrogen,  by  heating  the  compound  in  a  current  of 
Ihis  gas,  collecting  and  weighing  the  water  produced,  and  deter- 
mining the  amount  of  reduced  metal  which  a  given  weight  of  the 
oxide  has  yielded.  In  other  cases  the  composition  of  the  oxide 
is  determined  synthetically,  a  given  weight  of  the  metal  being 
converted  into  oxide,  either  by  heating  the  metal  in  a  current 
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of  air^  or  by  converting  it  into  a  nitrate,  and  afterwaida  expelling 
the  elements  of  nitric  anhydride  by  the  application  of  heat,  and 
weighing  the  quantity  of  oxide  which-  is  left. 

(535)  Sulphides. — The  combinations  of  sulphur  with  the 
metals  are  numerous ;  they  are  in  many  instances  of  great  value, 
and  form  important  ores.  A  large  number  of  the  native  sul- 
phides often  exhibit  a  high  metallic  lustre,  as  is  shown  by  the 
sulphides  of  iron,  copper,  lead,  and  antimony. 

Sulphur  frequently  combines  with  the  same  metal  in  several 
proportions,  and  it  usually  happens  that  for  each  oxide  a  cor- 
responding sulphide  may  be  formed;  the  sulphides,  indeed, 
present  a  close  analogy  with  the  oxides.  Sometimes,  as  in  the 
case  of  the  metals  of  the  alkalies  and  alkaline  earths,  the  sol- 
phides  are  more  numerous  than  the  oxides:  for  instance,  three 
oxides  of  potassium  and  sodium,  and  two  only  of  barium  are 
known,  but  there  are  not  fewer  than  five  sulphides  of  each  of 
these  metals. 

All  the  metallic  sulphides  are  solid  at  ordinary  temperatures. 
Most  of  them  may  be  fused  at  a  heat  a  little  above  redness,  and 
if  the  air  be  excluded,  the  protosulphides  undergo  no  change  in 
composition;  but  many  of  the  higher  sulphides,  such  as  the 
ferric  sulphide  and  stannic  sulphide  (SnS^),  are  decomposed, 
and  give  o£f  the  second  atom  of  sulphur,  whilst  a  lower  sulphide 
of  the  metal  is  left.  Arsenious  sulphide,  or  orpiment  (As^S,), 
and  mercuric  sulphide,  or  cinnabar  (HgS),  may  be  sublimed  if 
excluded  from  the  air ;  that  is  to  say,  they  mi^  be  converted 
into  vapour,  and  recondensed  in  the  solid  form;  indeed,  these 
sulphides  are  usually  purified  by  this  operation. 

The  sulphides  of  aU  the  metals  are  insoluble  in  water  with 
the  exception  of  those  of  the  alkali-metals  and  of  strontium  and 
barium.  Calcic  and  magnesic  sulphides,  however,  are  sparingly 
soluble. 

If  solutions  of  the  sulphides  of  the  metab  of  the  alkalies  and 
alkaline  earths  be  subjected  to  a  current  of  gaseous  sulphuretted 
hydrogen,  they  combine  with  it,  and  form  soluble  compounds 
which  correspond  to  the  hydrates  of  the  oxides ;  for  example — 

K,S  +  HgS  =  aKHS ;  CaS  +  H,S  =  CaS,H3S. 

The  compoimds  thus  formed  have  been  termed  sulph-hydraies, 
or  hydro-sulphides.  Those  of  calcium  and  magnesium  are  decom- 
posed into  hydrates  by  boiling  with  water ;   for  example  ;— 

MgS,H,S  +  2H,0=MgO,HgO  +  2H,S. 
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Several  of  the  hydrosulpliides  may  be  obtained  in  crystals^  if 
evaporated  in  vessels  from  which  air  is  excluded. 

The  sulphides^  like  the  oxides,  may  be  subdivided  into  basic 
and  acid  sulphides,  according  to  the  nature  of  the  metal  and  the 
number  of  atoms  of  sulphur  with  which  each  atom  of  metal  is 
combined.  These  may  be  supposed  to  be  formed  on  the  type  of 
one  or  more  atoms  of  sulphuretted  hydrogen,  as  the  oxides  are 
upon  the  type  of  one  or  more  atoms  of  water.  The  proto- 
sulphides  of  the  alkali-metals  afford  iUustrations  of  basic  sul- 
phides, and  they  enter  into  combination  with  the  higher  sulphides 
of  metals  which,  like  antimony  and  arsenicum,  form  acids  with 
oxygen.  Arsenic  sulphide  (As^Sj),  in  this  way  combines  with  di- 
sodic  sulphide,  and  forms  a  crystalline  soluble  compound  (sNajS^ 
^i^Bf^S^fi)  i  <^<1  ^  l^^c  manner  antimonic  sulphide  (Sb^S^), 
forms  a  soluble  compound  with  disodic  sulphide  (3Na3S,Sb2S^ 
18H3O,  or  Na5SbS^9HgO),  which  crystallizes  in  beautiftd  trans- 
parent  tetrahedra.  A  large  number  of  similar  compoimds  may 
be  formed  with  the  sulphides  of  other  metals,  and  these  com- 
poimds are  for  the  most  part  soluble  in  water. 

In  consequence  of  the  tendency  to  the  formation  of  these 
double  sulphur  salts,  many  of  the  sulphides  which  are  insoluble 
in  water  are  dissolved  freely  by  solutions  of  sulphide  of  potassium 
or  of  sulphide  of  ammoniimi ;  and  this  circumstance  is  frequently 
taken  advantage  of  in  the  laboratory  during  the  progress  of  an 
analysis,  for  the  purpose  of  separating  certain  metals,  the  sul- 
phides of  which  are  soluble  in  solutions  of  the  sulphides  of  the 
alkali-metals,  from  others  which  are  not  soluble  in  these  com- 
pounds. The  following  sulphides  may  be  dissolved  by  a  solu- 
tion of  ammonic  sulphide,  and  by  a  solution  of  dipotassic 
sulphide : — 


Auric  sulphide  ... 

Au,8. 

Yanadic  persulphide 

VA 

Platinic  solphide 

PtS, 

Tung»tic  trisulphide 

ws. 

Bhodic  sulphide 

Bo.S, 

Molybdic  trisulphide 

MoS. 

Arsenious  sulphide 

A,,S. 

Molybdic  tetrasulphide  ... 

MoS^ 

Arsenic  sulphide 

A«,S. 

Stannous  sulphide 

Rn8 

Aiitimonious  sulphide    . . . 

SbS. 

Stannic  sulphide 

SnS. 

Antimonic  sulphide 

8b.8. 

The  sulphides  of  tellurium. 

Vanadic  tetrasulphide     . . . 

VA 

The  sulphides  of  iridium. 

The  double  salts  thus  obtained  are  decomposed  by  the  addition 
of  an  acid,  such  as  the  sulphuric  or  the  hydrochloric,  sulphuretted 
hydrogen  being  evolved,  whilst  the  sulphide  of  the  electronegative 
metal  is  precipitated;  for  example,  3Na2S,SbjS5  +  6HCl  become 
6NaCl+SbjS5  +  3H2S. 

These  electronegative  sulphides  are  often  soluble  in  solutions 
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of  the  alkalies^  forming  a  mixture  of  a  sulpho-salt  with  an  oxy- 
salt.  Antimonious  sulphide^  for  instance^  when  dissolTcd  in 
caustic  potash^  gives  the  following  result ;  Sb^Sj  +  6KHO3S  K^bO| 
+  K,SbS,+3H,0. 

DecompoHiUms, — If  free  oxygen  or  atmospheric  air  be  allowed 
access  to  the  heated  sulphides^  they  are  all  decomposed;  the 
sulphur  becomes  oxidized^  and  passes  off  as  sulphurous  anhydride 
(SOj)^  whilst  the  metal^  in  most  cases^  as  occurs  with  tin^  anti- 
mony, and  molybdenum,  remains  in  combination  with  oxygen. 
The  sulphides  of  the  metals  of  the  alkalies  and  of  the  alkaline 
earths  become  converted  into  sulphates  of  the  metal,  and  the  same 
thing  occurs  less  completely  with  many  of  the  metals  which  have 
a  strong  attraction  for  oxygen ;  the  sulphides  of  iron,  lead,  and 
copper,  are  partially  converted  into  sulphates,  but  by  a  stronger 
heat  these  sulphates  afterwards  lose  their  acid,  and  the  oxide  of 
the  metal  only  is  left.  The  sulphides  of  the  noble  metals,  when 
roasted  in  a  current  of  air,  lose  their  sulphur,  which  bums  off  in 
the  form  of  sulphurous  anhydride,  while  the  pure  metal  remains 
behind,  though  in  the  case  of  silver  a  portion  of  argentic  sulphate 
is  commonly  formed. 

Many  of  the  hydrated  sulphides  become  oxidized  by  exposure 
to  the  air,  and  generally  they  are  converted  into  sulphates. 
The  hydrated  sulphides  of  iron,  however,  furnish  hydrated  seaqui- 
oxide  of  the  metal,  while  sulphur  is  liberated:  and  the  sul- 
phides of  the  metals  of  the  alkalies  and  alkaline  earths  become 
converted  into  hyposulphites;  for  instance,  ^CaS  +  HjO+COj 
+  zO^ = CaSjHjO^ + CaCOj. 

A  large  number  of  the  sulphides,  especially  those  of  the  more 
oxidizable  metals,  such  as  those  of  iron,  zinc,  and  manganese,  are 
dissolved  by  diluted  hydrochloric  acid  when  cold,  and  still  more 
readily  when  heated, — a  chloride  of  the  metal  and  hydrosulphuric 
acid  being  formed.  Others,  such  as  those  of  nickel,  cobalt,  and 
lead,  require  boiling  with  the  concentrated  acid :  it  is  in  this  way 
that  hydrochloric  acid  acts  upon  antimonious  sulphide :  Sb^Sj 
-I-6HC1  becoming  aSbClj-f  3HjS.  Sulphuric  acid,  when  diluted, 
acts  in  a  similar  manner  upon  the  sulphides  of  the  more  oxi- 
dizable metals,  though  less  readily  than  hydrochloric  add. 

The  sulphides  are  all  decomposed  when  heated  in  a  current  of 
chlorine  gas,  chloride  of  sulphur  and  chloride  of  the  metal  being 
formed.  This  property  is  sometimes  made  use  of  in  the  analysis 
of  ores  consisting  chiefly  of  sulphides,  or  of  sulphides  and  arsenides 
of  the  metals;  the  volatile  metallic  chlorides  are  in  this  way 
separated  from  the  more  fixed  ones.     Aqua  regia  attacks  and  de- 
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composes  the  sulphides  as  readily  as  gaseous  chlorine ;  and  a  mix- 
ture of  hydrochloric  acid  and  potassic  chlorate  is  equally  effectual 
in  decomposing  them.  With  the  exception  of  mercuric  sulphide^ 
they  are  also  decomposed  by  nitric  acid^  sulphuric  acid  and  nitrate 
of  the  metal  being  formed ;  during  this  operation  part  of  the 
sulphur  is  often  separated  in  the  form  of  tough  elastic  masses^ 
which^  if  the  heat  be  continued^  collect  into  yellow  globules^  and 
can  be  oxidized  only  by  prolonged  digestion  in  the  acid. 

When  the  sulphides  are  fused  with  the  alkaline  carbonates  or 
with  the  hydrated  alkalies^  they  are  partially  decomposed^  and  the 
mass  contains  a  variable  mixture  of  sulphide  with  oxide  of  the 
alkali-metal^  and  different  oxysalts  of  sulphur. 

Before  the  blowpipe  the  sulphides  are  easily  recognized  by  the 
odour  of  sulphurous  anhydride  which  they  emit^  either  when 
heated  in  a  glass  tube  open  at  both  ends^  or  when  roasted  upon 
charcoal.  Some  other  particulars  relating  to  the  sulphides  have 
been  already  mentioned  (428). 

Preparation, — Many  methods  for  preparing  the  sulphides  may 
be  adopted.  1. — Sulphur  may  be  heated  with  the  metallic  oxides, 
many  of  which  it  decomposes :  with  the  alkalies  and  alkaline 
earths,  a  sulphate,  and  a  sulphide  with  variable  proportions  of 
sulphur,  are  obtained ;  but  when  definite  and  pure  sulphides  are 
required,  other  means  should  be  adopted.  2. — The  lowest  sul- 
phides of  the  metals  of  the  alkalies  and  alkaline  earths  may  be 
procured  by  decomposing  their  sulphates  by  igniting  them  in  closed 
vessels  with  charcoal ;  oxygen  is  removed,  carbonic  oxide  formed, 
and  the  remaining  sulphide  may  be  dissolved  in  water  and  freed 
from  the  excess  of  charcoal;  K3SO^+4C=K5S-h4CO.  3. — Hy- 
drogen is  sometimes  employed  for  preparing  the  sulphides  from 
the  sulphates,  which  are  to  be  placed  in  a  tube  and  ignited  in  a 
current  of  the  gas.  In  this  maimer  the  protosulphides  of  the 
alkali-metals  are  easily  obtained,  but  the  sulphates  of  the  other 
metals  frequently  lose  a  portion  of  the  sulphur,  as  well  as  all 
their  oxygen,  and  subsulphides  are  procured.  4. — Many  of  the 
metals  combine  directly  with  sulphur,  if  heated  with  it,  and  form 
sulphides;  but  the  compounds  thus  obtained  often  contain  sul- 
phur dissolved  in,  or  disseminated  through,  the  mass.  Ferrous 
sulphide  is  usually  prepared  in  this  maimer.  Vermilion,  and 
realgar  are  also  often  prepared  by  the  direct  union  of  their  con- 
stituents. Indeed,  sulphur,  though  itself  combustible,  supports  the 
combustion  of  many  metallic  bodies,  which  bum  vividly  when 
heated  in  its  vapour.  5. — In  other  cases  the  sulphides  may  be 
formed  by  heating  the  i^etal  in  a  current  of  sulphuretted  hydrogen. 
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or  in  the  yapour  of  carbonic  disalphide.  This  latter  method  is 
the  plan  commonly  adopted  in  procuring  titanic  sulphide  firom 
titanic  anhydride;  Ti03+CSj,='nSjj+C0j,.  6.— Hydrated  nd- 
phides  of  the  metals  of  the  last  three  groups  may  ako  be  pro- 
cured  by  passing  a  stream  of  sulphuretted  hydrogen  through 
neutral  or  acid  solutions  of  their  salts,  when  they  are  precipitated 
in  the  insoluble  form.  7. — ^The  hydrated  sulphides  of  zinc^  iranj 
manganese^  cobalt^  and  nickel  are  not  thrown  down  by  sulphuretted 
hydrogen  in  acidulated  solutions^  but  may  be  prepared  by  doable 
decomposition^  by  mixing  a  neutral  solution  of  the  salts  of  any 
of  these  metals  with  that  of  a  sulphide  of  one  of  the  alkali-metals : 
thus  manganous  sulphate  if  mixed  with  dipotassic  sulphide  yields 
potassic  sulphate  and  manganous  sulphide.  MnSO^ + ^tHj^O^K^S = 
KgSO^+^rHgO^MnS.  In  many  cases  the  colours  of  these  hydnted 
sulphides  are  characteristic  of  the  metal : — ^for  example,  the 
hydrated  sulphide  of  zinc  is  white  ;  that  of  manganese  flesh-red ; 
those  of  cadmium  and  arsenicum  are  yellow^  as  is  also  stannic  8ul« 
phide ;  and  hydrated  stannous  sulphide  is  chocolate-brown.  The 
sulphides  of  molybdenum,  rhodium,  iridium,  and  osmium  aie 
brown^  each  with  its  peculiar  shade ;  whilst  in  a  large  number  of 
instances — ^including  the  sulphides  of  iron^  cobalt^  nickel,  uranium, 
vanadium,  bismuth,  copper,  lead,  silver,  mercury,  gold,  platinum, 
and  palladium — the  precipitated  sulphides  are  of  a  black,  more  or 
less  pure. 

(536)  Estimation  of  Sulphur  in  Metallic  Sulphides. — Sulphur 
is  always  estimated  in  the  form  either  of  a  sulphate  or  of  firee 
sulphur.  The  sulphur  in  a  sulphide  is  easily  converted  into  a 
sulphate  by  the  agency  either  of  gaseous  chlorine  or  of  aqua 
regia ;  and  the  soluble  sulphates,  when  mixed  in  slightly  acid  solu- 
tion with  a  salt  of  barium,  yield  the  insoluble  baric  sulphate,  the 
amount  of  which,  after  it  has  been  well  washed  with  boiling  water 
and  ignited,  furnishes  data  for  the  calculation  of  the  sulphur ;  100 
parts  of  baric  sulphate  representing  34*34  of  sulphuric  anhydride, 
or  1374  of  sulphur.  K  a  salt  of  silver  be  present,  baric  nitrate 
must  be  employed  to  precipitate  the  sulphuric  acid. 

If  during  the  solution  of  a  sulphide  in  aqua  regia,  the  sulphur 
have  collected  into  clear  yellow  balls,  and  the  action  upon  the  ore 
appears  to  be  complete,  it  is  not  necessary  to  wait  till  the  whole 
of  the  sulphur  is  dissolved :  the  undissolved  portion  may  be  col- 
lected on  a  small  counterpoised  filter,  and  weighed,  and  its  amount 
must  be  added  to  that  which  has  been  converted  into  sulphuric 
acid,  the  proportion  of  which  is  to  be  ascertained  by  means  of  a 
barium  salt  in  the  manner  above  described. 
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(537)  ^^^  8ELENIDES  and  TELLURIDES  are  closely  analogous 
to  the  sulphides  in  general  characters^  but  they  are  too  rare  to 
need  particular  description.  The  presence  of  selenium  in  a  com- 
pound is  readily  ascertained  by  the  peculiar  odour  which  it  emits 
when  heated  in  the  reducing  flame  of  the  blowpipe. 

(538)  Chlorides. — Just  as  the  different  classes  of  oxides  may 
be  conceived  to  be  formed  from  one  or  more  atoms  of  water  in 
which  the  hydrogen  is  displaced  by  metal^  so  the  different  varieties 
of  chlorides  may  be  referred  to  one  or  more  atoms  of  hydrochloric 
acid^  in  which  the  place  of  the  hydrogen  is  supplied  by  a  metal. 

The  principal  groups  of  chlorides  are  the  following : — 

1st.  SubchlorideSy  ,,MjCl  or  NCI,  on  the  type  of  HCl ;  as 

Argentous  chloride AggCI. 

Calomel  (Mercurous  chloride)    .     .     HgCl. 

2nd.  MonochlorideSy  M'Cl,  formed  on  the  type  of  HCl ;  as 
Potassic  chloride KCl. 

3rd.  Dichlorides,  N'^Cl^  on  the  type  of  HgCl^ ;  such  as 
Calcic  chloride CaCl^. 

4th.  TVichlorides,  N'^'Cl^,  on  the  type  of  H3CI3 ;  such  as 
Antimonious  chloride       ....     SbClj. 

5th.  Hexachhrides,  R^Q^  or  N'''j,a^  on  the  type  6YLC[ ; 
such  as 

Molybdic  chloride MoCl^ 

Aluminic  chloride Al^Cl^.  • 

6th.  Tetrachlorides,  R*^C1^  on  the  type  of  H^Cl^ ;  such  as 
Platinic  chloride PtCl^. 

7th.  Pentachlorides,  R^Clg,  on  the  type  of  H5CI5 ;  such  as 
Antimonic  chloride SbClg. 

I.  The  basic  chlorides,  or  subchlorides,  are  few  in  number  and  of 
small  importance ;  they  are  insoluble  in  water,  argentous  chloride, 
cupreous  chloride,  and  calomel,  comprising  all  that  are  of  interest. 

a.  The  Manochlorides,  or  Protochhrides,  form  an  important 
group,  including  the  chlorides  of  the  «alkali-metals,  and  those  of 
silver  and  thallium,  as  well  as  aurous  chloride.  Aurous  and 
argentic  chlorides  are  insoluble  in  water ;  thallious  chloride  is  but 
sparingly  soluble.  Aurous  chloride  is  decomposed  by  a  heat  below 
redness,  but  the  other  chlorides  fuse  readily  when  heated,  and 
may  even  be  slowly  volatilized  without  decomposition.  They  are 
conductors  of  the  voltaic  current  when  fused. 

3.  Dichlorides. — ^The  compounds  contained  in  this  group  are 
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formed  by  the  union  of  i  atom  of  a  metallic  dyad  with  2  atoms  of 
chlorine.  They  present  characters  which  are  similar  to  those  of 
the  foregoing  group,  to  which,  indeed,  they  bear  the  closest  resem* 
blance :  they  were  till  quite  recently  considered  to  form  part  of 
it,  these  chlorides  having  been,  in  fact,  usually  described  as  proto^ 
chlorides. 

Amongst  the  members  of  this  group  are  the  chlorides  of  many 
highly  basylous  metals,  such  as  barium  and  calcium.  The  chlo- 
rides of  the  electronegative  dyads,  like  that  of  mercury,  are  strongly 
opposed  to  these  basylous  chlorides  in  properties.  All  the  chlo- 
rides of  this  group,  when  anhydrous,  are  solid  at  common  tem- 
peratures ;  but  when  heated  in  vessels  from  which  air  is  excluded^ 
they  may  all  be  melted  without  undergoing  decomposition,  except 
those  of  copper,  platinum,  and  palladium.  Cupric  chloride  loses 
half  its  chlorine  and  becomes  converted  into  cupreous  chloride, 
whilst  platinous  chloride,  PtCl^  and  palladious  chloride  are  de- 
composed into  free  chlorine,  and  a  residue  of  the  pure  metaL 
Several  of  the  chlorides  remain  semi-transparent  after  fusion, 
and  furnish  soft  and  sectile  masses,  somewhat  homy  in  aspect 
Many  of  these  chlorides,  such  as  those  of  zinc  and  mercury, 
may  be  distilled  without  decomposition.  Humbic  chloride  is  but 
sparingly  soluble ;  platinous  chloride,  in  one  of  its  modifications, 
is  quite  insoluble ;  the  other  members  of  the  group  are  freely 
soluble  in  water. 

4.  The  next  group   comprises  those  known  as  trichlorides  or 

ierchlorides,  of  which  the  following  are  the  most  important : — 

ArsenioQS  chloride      ...  ...  ...  ...  AsCl, 

AntimoniouB  chloride ...  ...  ...  ...  SbCI, 

Bismuth  trichloride    ...  ...  ..#  ...  BiCl, 

Auric  chloride  ...  ...  ...  ...  AuCl,. 

Auric  chloride  is  decomposecl  into  aureus  chloride  by  a  moderate 

heat,  and  at  a  higher  temperature  loses  all  its  chlorine ;  the  other 

three   chlorides  may  be  volatilized  unchanged  by  a    moderate 

elevation  of  temperature.     They  are  decomposed  by  the  addition 

of  water ;  arsenious  chloride  into  arsenious  acid  and  hydrochloric 

acid,  A8Cl3  +  3H20=3HCl+H3A803;    whilst   the    chlorides    of 

antimony  and  bismuth  furnish  oxychlorides;    3SbCl3  +  3Hj|0= 

SbCl3,Sb203+6HCL 

5.  Parallel  in  properties  with  these  volatile  trichlorides  are  the 

hexachlorides  of  two  other  acidifiable  metals  : — 

Perchloride  of  molybdenum    ...         ...         ...         MoCl^ 

„  timg8ten  WCI^ 

These  chlorides  are  volatile,  and  are  decomposed  by  water. 

The  substances,  formerly  called  Sesquichlorides,  constitute  a 
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remarkable  group,  of  whicli  the  most  important  are  aluminic 
chloride,  ferric  chloride,  and  chromic  chloride.  Each  of  these 
compounds  contains  i  atom  of  the  metallic  element  imited  with 
3  atoms  of  chlorine,  but  each  may  be  volatilized  at  a  high  tem* 
perature  without  decomposition ;  the  vapour  density  of  the  chlo- 
rides of  aluminum  and  iron  has  been  ascertained  by  experimentj 
and  the  result  is  remarkable,  since  if  HH=:2  vols.,  Al^Cl^  is  also 
=  a  vols. :  hence  their  formulse  should  be  doubled,  as  follows :— >. 

Alaminic  chloride      ...  ...  .«•         ..•         ^\^^ 

Ferric  chloride  ...  ...  ...         ...         Fe,Cl^ 

Chromic  chloride  (judging  by  analogy)  ...         Cr^Cl^. 

The  aqueous  solutions  of  these  chlorides  undergo  partial  de* 
composition  when  evaporated,  hydrochloric  acid  escapes,  and  a 
considerable  portion  of  oxide  of  the  metal  is  formed. 

6.  Next  we  have  a  group  of  chlorides  formerly  described  by 
chemists  as  the  bichlorides,  but  now  considered  as  tetrachlorides 
— viz.. 

Silicic  chloride SiCl^ 

Titanic  chloride  ...  TiCI^ 

Stannic  chloride  ...  SnCl^ 

^roonie  diloride  ...  ZrCli 

Holybdoos  chloride        ...  MoCl^ 


Tungstous  chloride        ..«         WCl 
Platinic  chloride 
Palladic  chloride 
Iridic  chloride 
Bothenic  chloride 


Pta^ 

PdCl^ 

ira^ 

BuCl, 


The  first  three  compounds  are  liquid  at  ordinary  temperatures : 
they  are  densely  fuming  when  exposed  to  the  air ;  they  may  be 
distilled  imaltered.  With  the  exception  of  the  tetrachlorides  of 
platinum,  palladium,  iridium,  and  rutheniimi,  which  by  a  high 
temperature  are  decomposed  into  metal  and  free  chlorine,  the 
remaining  compounds  are  fusible  Volatile  solids,  and  may  be  sub* 
limed  unaltered  in  vessels  from  which  air  is  excluded.  The  tetra*' 
chlorides  of  tin,  titanium,  and  the  noble  metals,  form  crystallizable 
double  salts  with  the  chlorides  of  the  alkali-metals. 

7.  The  Pentachlorides  are  represented  by  pentachloride  of 
antimony,  which  corresponds  with  pentachloride  of  phosphorus. 
It  is  fuming  and  volatile,  is  decomposed  by  water,  forming  an 
oxychloride  if  the  proportion  of  water  is  small,  but  yielding 
hydrated  metantimonic  acid,  with  separation  of  all  its  chlorine  as 
hydrochloric  acid,  if  the  quantity  of  water  be  large. 

At  ordinary  temperatures  the  action  .of  chlorine  upon  the 
metals  is  generally  stronger  than  that  of  oxygen  upon  them; 
but  if  a  metallic  chloride  be  heated  in  a  current  of  oxygen 
or  of  atmospheric  air,  the  chlorine  is  expelled,  and  an  oxide 
of  the  metid  is  produced.  The  only  instances  in  which  this 
decomposition  does  not  take  place,  occur  in  the  case  of  the 
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chlorides  of  the  noble  metalfl  and  in  those  belonging  to  the  fiist 
and  second  groups. 

In  the  case  of  the  metals  which  have  but  slight  attractioiL  fior 
oxygen^  the  chlorides  generally  correspond  in  number  with  the 
oxides ;  and  for  every  chloride  an  analogous  oxide  is  always  ob- 
tainable^ one  atom  of  oxygen  occupying  the  position  of  two  atoms 
of  chlorine  in  the  compound.  For  instance,  the  correspondiiig 
chlorides  and  oxides  of  iron,  tin,  and  gold  are  the  following : — 


PeCI,  ;  FeO 
Fe,CI.  5  Pe,0, 


SnCI,;  SnO 
SnCl^;  SnO, 


AnCl  ;  Au,0 
AuCl,;  Au,0,. 


Yet  it  is  easy  to  obtain  the  oxides  firom  solutions  of  the  chlorides 
by  precipitation ;  for  example,  in  the  case  of  the  compounds  of 
iron,  the  following  reactions  may  be  observed : — 

FeCl, + aKHO = aKQ  -f  YeO,Ufl 

Fe,a. + sBaHjOj = sBaClj + Fe,0j,3H,0. 

When  the  metal  exhibits  a  strong  attraction  for  oxygen,  and 
forms  a  powerful  base,  the  number  of  oxides  frequently  exceeds 
that  of  the  chlorides. 

In  many  cases  chlorine  unites  with  the  oxides  of  the  metals. 
If  the  oxide  of  the  metal  be  soluble  in  water,  the  oxychtoride 
which  is  formed  is  soluble  likewise,  and  the  compoimd  is  remark* 
able  for  its  bleaching  properties.  Chloride  of  lime  (CaOCl^,  and 
chloride  of  potash  (K^OClg),  furnish  instances  of  this  kind. 
Sometimes  the  chloride  of  a  metal  combines  with  its  oxide  and 
forms  an  insoluble  oxychloride,  as  is  the  case  with  the  oxychloride 
of  mercury  (3HgO,HgCy .  It  is  a  still  more  frequent  occurrence 
that  a  chloride  of  one  of  the  alkali-metals  combines  with  a  chlo- 
ride of  one  of  those  metals  which  have  a  feebler  attraction  for 
oxygen,  and  the  oxides  of  which  partake  rather  of  the  character 
of  acids  than  of  bases.  Thus  we  have  a  double  chloride  of 
platinum  and  potassium  (2KCl,PtClJ  and  a  double  chloride  of 
gold  and  sodium  (NaCl,AuCl3,2HgO).  Indeed,  the  higher  chlo- 
rides of  the  noble  metals  generally  form  double  salts  of  this 
nature ;  and  the  same  thing  holds  true  in  very  many  cases  with 
the  corresponding  bromides  and  iodides. 

Preparation, — i.  Many  of  the  metallic  chlorides  may  be  formed 
by  heating  the  metal  in  a  current  of  dry  chlorine :  in  this  way  the 
perchlorides  of  antimony  and  iron  are  procured,  a. — If  the  basic 
oxides  be  heated  to  redness  in  a  current  of  dry  chlorine,  oxygen  ii 
expelled  and  a  chloride  of  the  metal  remains ;  but  this  process  is 
never  adopted  for  procuring  the  chlorides.     3. — The  sulphides  are 
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generally  more  readily  decomposed  by  a  current  of  gaseous  cUorine 
than  the  oxides :  owing  to  the  strong  attraction  of  chlorine  for 
sulphur^  both  the  sulphur  and  the  metal  combine  with  the  gas, 
chloride  of  sulphur,  and  a  metallic  chloride  being  produced.   This 
process,  however,  is  seldom  employed  except  in  the  course  of  an 
analysis.     4. — In  cases  where  the  chloride  is  volatile,  like  that  of 
aluminum,  of  glucinimi,  and  of  titanium,  the  oxide  of  the  metal 
may  be  mixed  with  charcoal,  and  a  current  of  dry  chlorine  trans- 
mitted over  the  mixture ;  the  charcoal  removes  the  oxygen  in  the 
form  of  carbonic  oxide,  and  the  chlorine,  imiting  with  the  metal, 
forms  a  chloride  which  volatilizes  and  becomes  condensed  in  the 
cool  part  of  the  apparatus.     5. — In  many  cases  the  chloride  may 
be  obtained  by  transmitting  dry  hydrochloric  acid  gas  over  the 
oxide  or  the  sulphide  of  the  metal  heated  to  low  redness,  the 
attraction  of  hydrogen  for  oxygen  and  for  sulphur  greatly  facili- 
tating the  progress  of  the  decomposition.    6. — An  easier  method, 
in  cases  where  it  is  applicable,  particularly  when  the   hydrated 
chlorides  are   required,  consists  in   dissolving  the  metal  itself, 
its  oxide,  or  its  carbonate,  in  hydrochloric    add,  and    evapo- 
rating the  solution  till  crystallization  commences.     Chloride  of 
cobalt,  of  nickel,  and  of  calcium  may  be  thus  obtained.     This 
process,  however,  fails  in  many  cases,  if  it  be  attempted  to  render 
the  chloride  anhydrous,  particularly  in  the  class  to  which  the 
earths  belong;  chlorides  of  magnesium  and  aluminum,  for  ex« 
ample,  lose  their  chlorine  as  hydrochloric  acid  when  their  solu- 
tions are  evaporated  ;  MgCl2-|-HjO=MgO-|-2HCl.    7. — In  some 
eases  chlorides  of  the  metals,  such  as  those  of  gold  and  platinum, 
are  obtained  by  dissolving  the  metal  in  aqua  regia,  and  decom- 
posing any  excess  of  nitric  acid  by  evaporation  to  dryness  with  an 
excess  of  hydrochloric  acid ;  a  pure  chloride  of  the  metal  may  be 
obtained  on  re-dissolving  the  residue  in  water.     8. — Many  of  the 
chlorides  of  the  more  electronegative  metals  are  decomposed  when 
heated  with  the  more  basylous  metals.     Stannic  chloride  (SnClJ 
may  thus  be  obtained  by  heating  metallic  tin  with  an  excess  of 
corrosive  sublimate;  and  trichlorides  of  antimony  and  bismuth 
Biay  be  obtained  in  a  similar  manner.     Sometimes  this  process  is 
employed  for  the  purpose  of  isolating  those  metals  the  oxides  of 
which  resist  decomposition  by  the  usual  means.     In  this  way 
sodium  is  employed  to  decompose  alimiinic  or  magnesic  chloride 
for  the  purpose  of  procuring  the  aluminum  or  magnesium  in  an 
uncombined  form ;  and  in  a  similar  manner  potassium  is  employed 
to  obtain  uranium  from  uranous  chloride.      9. — ^The  insoluble 
chlorides,  such  as  argentic,  plumbic,  and  mercurouA  chloride,  may 

lU  A  A 
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be  formed  by  the  addition  of  hydrochloric  acid^  or  of  a  soluUe 
chloride^  to  a  solution  of  the  salts  of  these  metals. 

Decomporitions. — ^All  the  metallic  chlorides,  excepting  those 
of  the  metals  of  the  alkalies  and  earths,  are  reduced  when 
sufficiently  heated  in  a  brisk  current  of  hydrogen.  In  many  cases 
the  reduction  is  easily  effected,  and  this  process  is  occasionally  r^ 
sorted  to  as  a  means  of  procuring  certain  metals  in  a  state  of 
purity.  Iron,  for  example,  may  be  obtained  in  fine  cubic  crystals 
by  reducing  ferrous  chloride  in  this  manner.  It  is  necessaij, 
however,  to  maintain  a  current  of  hydrogen  of  sufficient  rapidity 
to  carry  away  the  hydrochloric  acid  from  the  reduced  metal^  m 
otherwise,  in  most  cases,  the  chloride  would  be  reproduced  by  the 
decomposition  of  the  acid.  All  the  chlorides,  except  those  of  the 
alkali-metals,  and  of  barium  and  mercury,  are  decomposed*  when 
heated  in  a  current  of  steam,  generally  leaving  corresponding 
oxides,  but  chloride  of  bismuth  leaves  an  oxychloride  (Kunheim). 
All  the  soluble  chlorides,  when  heated  with  sulphuric  acid  and 
black  oxide  of  manganese,  evolve  chlorine  gas.  Other  par* 
ticulars  relating  to  the  chlorides  have  been  already  mentioned 

{373>  376). 

(539)  Estimation  of  Chlorine  in  Metallic  Chlorides. — Chlorine  11 

almost  always  estimated  in  the  form  of  argentic  chloride  (AgCl)i 
100  parts  of  which  represent  24*74  of  chlorine.  The  solution  should 
be  acidulated  with  nitric  acid,  and  gently  warmed,  and  then  the 
argentic  nitrate  should  be  added.  K  iodine  or  bromine  be  present, 
it  will  be  precipitated  with  the  chlorine,  and  must  be  determined 
separately,  and  the  corresponding  weight  of  argentic  iodide  or 
bromide  deducted. 

The  composition  of  an  insoluble  chloride  or  of  a  basic  chloride 
may  be  ascertained,  except  in  the  case  of  argentic  chloride,  by 
boiling  a  given  weight  of  the  compound  with  a  pure  solution  of 
potash,  and  then  determining  the  quantity  of  chlorine  in  the 
alkaline  solution  by  means  of  argentic  nitrate :  before  adding  the 
solution  of  silver,  the  alkaline  liquid  must  be  filtered  from  the 
undissolved  metallic  oxide,  and  acidulated  with  nitric  acid. 

(540)  The  Bbomides  (389,391)  closely  resemble  the  chlorides 
in  chemical  characters,  and  may  be  arranged  in  corresponding 
groups :  the  bromides  of  the  metals  of  the  alkalies  and  alkaline 
earths  may  be  prepared  by  digesting  a  solution  of  the  alkali  or 
of  the  earth  with  bromine  in  slight  excess;  a  bromide  and  a 
bromate  of  the  metal  are  thus  formed,  and  by  gentle  ignition  the 
bromate  is  decomposed,  leaving  a  pure  bromide :  a  small  quantity 
of  charcoal  may  be  added  prenously  to  the  ignition,  by  which  the 
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decomposition  of  the  bromate  is  more  easily  effected.  The  bromide 
is  removed  from  the  excess  of  charcoal  by  solution  in  water. 
The  other  bromides  may  be  procured  by  acting  upon  the  metals  by 
bromine,  either  in  a  dry  state  or  in  the  presence  of  water.  They 
are  also  easily  formed  by  dissolving  the  oxides  or  the  carbonates 
in  hydrobromic  acid. 

Bromine  may  be  precipitated  firom  its  solutions,  and,  in  the 
absence  of  chlorine,  its  quantity  may  be  estimated,  by  means  of 
argentic  nitrate,  which  occasions  a  white  precipitate  pf  argentic 
bromide,  loo  parts  of  which  indicate  42*55  of  bromine.  If  chlo- 
rine be  present  the  precipitate  will  consist  of  a  mixture  of  the 
bromide  and  chloride  of  silver  :  it  must  be  collected  and  weighed, 
then  digested  with  metallic  zinc  and  a  drop  or  two  of  sulphuric 
acid ;  in  a  day  or  two  the  zinc  will  have  reduced  the  bromide  and 
chloride  to  metallic  silver ;  this  must  be  well  washed,  dried,  and 
weighed.  It  should  be  wholly  soluble  in  nitric  acid,  since  if  it 
be  not,  a  portion  of  the  precipitate  has  escaped  decomposition. 

From  the  above  data  the  relative  proportions  of  the  bromide 
and  chloride  of  silver  may  be  calculated : — let  m  be  the  weight  of 
the  mixed  bromide  and  chloride,  and  let  s  be  the  weight  of  the 
reduced  silver ;  then  if  a  represent  the  proportion  of  bromide,  and 
y  that  of  chloride  of  silver,  it  will  be  found  that 

,          108             108 
m  =  4?  -f  y,  and  s  =  x  + y ; 

consequently  4?,  or  the  argentic  bromide  in  the  mixture,  =m— y; 
and  y,  or  the  argentic  chloride  in  the  mixture,  =5*6134  s^ 
3*2247  m, 

(541)  The  Iodides  (396)  may  be  formed  by  processes  analo- 
gous to  those  employed  for  the  bromides :  the  insoluble  iodides, 
such  as  those  of  mercury,  silver,  and  lead,  may  be  obtained  from 
a  solution  of  potassic  iodide,  by  mixing  it  with  a  solution  of  the 
metallic  salt. 

The  iodides  exhibit  a  strong  tendency  to  form  double  salts, 
the  iodides  of  the  strongly  basylous  metals  combining  readily  to 
form  crystallizable  double  iodides  with  those  of  the  electronegative 
metals,  such  as  those  of  silver,  mercury,  and  lead.  The  iodides 
also  form  double  compounds  with  the  oxides  and  chlorides :  for  ex- 
ample, there  are  several  compounds  of  the  iodide  with  the  oxide 
of  lead;  and  a  combination  of  stannic  chloride  with  the  stannous 
iodide  (Snl2,SnClJ  may  be  obtained  in  orange-coloured  crystals 
(Kane). 
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The  quantity  of  iodine  in  a  solution  wliieli  contains  iodides,  if 
chlorides  be  absent,  may  be  estimated  by  the  addition  of  argentic 
nitrate  slightly  acidulated  with  nitric  add:  the  resnlting  biiff> 
coloured  argentic  iodide,  when  collected  and  dried,  contaiiiB  54x4 
per  cent,  of  iodine.  If  chlorine  or  bromine  be  present,  the  iodine 
must  be  precipitated  by  means  of  palladious  nitrate ;  the  precipi- 
tate must  be  allowed  to  subside  during  ten  or  twd^e  hoars,  and 
it  may  then  be  collected  on  a  filter  and  dried  at  a  temperaluie 
not  exceeding  158^  (70^  C.) :  this  precipitate  is  insoluble  in  cold 
diluted  nitric  or  hydrochloric  acid,  but  soluble  in  anunonia.  It 
contains  70*0  per  cent,  of  iodine.  Iodine  may  also  be  sepanted 
from  bromine  and  chlorine,  but  less  perfectly,  by  a  mixture  of 
ferrous  sulphate  and  cupric  sulphate  (883). 

(54a)  Fluorides. — ^The  general  properties  of  these  compounds 
have  been  already  stated  (403).  The  fluorides  are  usually  pre- 
pared by  the  direct  action  of  hydrofluoric  acid  either  upon  the 
metal  or  more  usually  upon  the  oxide  of  the  metal.  Those  whick 
are  insoluble  may  be  procured  by  mixing  a  solution  of  the  metallic 
salt  with  one  of  potassic  or  sodic  fluoride. 

Estimation  of  Fluorine. — A  simple  method  of  detecting  and  of 
approximatively  estimating  fluorine,  when  present,  even  in  reej 
small  quantities,  has  been  proposed  by  Dr.  6.  Wilson.  The  fol- 
lowing is  the  process,  slightly  modified : — the  substance,  if  it  does 
not  already  contain  silica,  is  mixed  with  pounded  glass,  placed  in 
a  retort,  and  made  into  a  thin  cream  with  oil  of  Titriol;  the 
mixture  is  next  heated,  and  distiUed  into  a  flask  containing  a 
solution  of  ammonia ;  the  silicic  fluoride  comes  over,  and  is  im- 
mediately decomposed :  on  evaporating  the  liquid  in  the  flask  to 
dryness  on  a  water-bath,  the  silica  is  rendered  insoluble,  and  can 
be  collected  and  weighed,  whilst  the  ammonic  fluoride  may  be 
dissolved  out  with  a  little  water,  and  the  presence  of  fluorine 
shown  by  mixing  it  with  oil  of  vitriol :  the  vapour  wliich  is 
evolved  produces  the  usual  corrosive  action  of  hydrofluoric  acid 
on  glass  (403) :  the  proportion  of  silica  in  the  insoluble  residue 
to  the  fluorine,  however,  is  not  very  uniform. 

(543)  Nitrides. — It  is  not  improbable  that  the  fulminating 
compounds,  obtained  by  digesting  the  hydrated  oxides  of  gold,  of 
silver,  and  of  platinum,  in  a  solution  of  ammonia,  may  owe  their 
explosive  character  to  the  formation  of  a  nitride  :  but  the  compo- 
sition of  these  bodies  has  been  only  imperfectly  investigated,  on 
account  of  the  ease  with  which  they  explode.  So  weak  is  the 
chemical  attraction  of  nitrogen  for  most  metallic  bodies,  that  t 
slight  alteration  of  circumstances  often  suffices  to  restore  it  and- 
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denly  to  the  gaseous  state.  Nitride  of  copper  is  formed  by  pass- 
ing dry  ammonia  over  capric  oxide^  at  a  temperature  not  exceed- 
ing 48a^  (250^  C),  in  which  case  water  is  formed  at  the  expense 
of  the  hydrogen  of  the  ammonia  and  the  oxygen  of  the  oxide, 
and  part  of  the  nitrogen  escapes;  thus,  6CuO-t-4H3N3s2Cu3N4' 
6H^0+Ng.  Nitrides  of  mercury  and  iron  may  be  prepared  by 
passing  ammonia  over  merciuic  and  ferric  oxide  in  a  similar 
manner.  IStanium,  molybdenum,  and  vanadium  absorb  nitrogen 
rapidly  at  a  red  heat ;  and  crystalline  nitrides  of  chromium  and 
magnesium  have  also  been  obtained. 

(544)  The  PHOsPHrDBs  of  the  metals  are  of  comparatively  small 
importance :  they  are  never  met  with  in  the  native  state.  The 
phosphides  of  the  metals  of  the  alkalies  and  alkaline  earths  de^ 
compose  water  when  thrown  into  it ;  self-lighting  phosphuretted 
hydrogen  is  disengaged,  and  a  hypophosphite  of  the  metal  is  re* 
tained  in  solution.  In  some  cases,  as  for  example  in  that  of 
calcic  phosphide,  the  phosphide  is  formed  by  heating  the  oxide 
strongly,  and  driving  the  vapour  of  phosphorus  over  it ;  in  this 
case  it  is  mixed  with  a  large  proportion  of  calcic  phosphate. 
Hie  insoluble  phosphides  may  often  be  obtained  by  transmitting 
a  current  of  phosphuretted  hydrogen  through  a  solution  of  the 
salt  of  the  metal  in  water ;  phosphides  of  copper  and  silver  may 
be  thus  obtained. 

When  heated  in  air  phosphides  are  converted  into  phosphatesi 
or  into  phosphoric  anhydride,  while  the  metal  is  liberated. 

(545)  CiJiBinEs. — ^The  only  carbides  of  importance  are  those 
of  iron,  which  will  be  considered  in  detail  when  treating  of 
that  metal.  Manganese,  palladium,  iridium,  and  a  few  other 
metals,  also  combine  with  carbon;  generally  speaking,  theae 
carbides  are  more  fiisible  than  the  metals  which  enter  into  their 
formation. 

Silicon  and  eoron  form  with  the  metals  analogous  com- 
pounds of  small  importance.  Amongst  the  most  interesting  of 
the  silicides  are  those  of  calcium,  aluminum,  magnesium,  iron, 
and  copper. 

(546)  HYDRiDEs.*^Hydrogen  is  not  known  to  combine  with 
more  than  five  metals  : — ^viz.,  arsenioum,  antimony,  copper,  iron, 
and  potassium.  The  first  two  of  these  compounds  are  gaseous, 
and  are  decomposed  by  a  red  heat  into  metal  and  hydrogen  gas. 
A  solid  hydride  of  arsenicum  is  also  said  to  exist.  A  few  metals, 
such  as  zinc  and  potassium,  appear  under  peculiar  circumstances 
to  undergo  partial  volatilization  along  with  the  hydrogen  at  the 
moment  that  this  gas  is  evolved. 
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§  III.  Hypotheses  on  the  Constitution  op  Salts. 

(547)  Aci€b  and  Bases. — It  has  already  been  stated  (6)  that 
any  substance  which  is  produced  by  the  action  of  an  acid  npon  i 
base  is  termed  a  salt.  It  is,  howerer,  necessary  to  examine  more 
minutely  into  the  nature  both  of  bases  and  acids,  and  into  that  of 
the  compounds  formed  by  their  combination  with  each  other. 

By  the  word  base,  is  meant  a  body  always  of  a  oomponiid 
nature,  most  frequently  an  oxide  of  a  metal,  which  is  capaUe  of 
effecting  a  double  decomposition  with  an  acid,  whilst  a  salt  and 
water  are  formed,  and  the  distinctive  characters  of  the  acid  are 
more  or  less  completely  neutralized.  A  base,  however^  is  not 
necessarily  a  metallic  oxide ;  the  hydrates  of  ammonia,  qnima, 
and  morphia,  for  example,  are  powerful  bases,  but  they  contain 
no  metallic  substance. 

(548)  Oxyacids  and  Hydracids. — When  Lavoisier  imposed 
upon  one  of  the  constituents  of  the  atmosphere  the  name  of 
oxygen,  he  supposed  that  the  presence  of  that  enei^etic  body  was 
essential  to  the  existence  of  an  acid ;  and  this  view  was  supported 
by  the  composition  of  the  principal  acids  then  known,  such  as  the 
sulphuric,  the  sulphurous,  the  nitric,  the  carbonic,  the  phosphoric^ 
and  the  boracic  acids.  The  term  acid  was  indifferently  applied 
to  the  anhydrides  and  to  the  compounds  produced  by  the  acticm 
of  anhydrides  upon  water ;  to  which  latter  class  of  compounds 
the  term  is  restricted  by  many  later  writers,  and  to  which  it  is 
applied  in  this  work.  Lavoisier  considered  an  acid  to  be  an 
oxidized  body  more  or  less  soluble  in  water,  with  a  sour  tast^ 
capable  of  reddening  vegetable  blues,  and  entering  into  combination 
with  the  alkalies,  the  distinctive  properties  of  which  it  neutraUaed. 

By  degrees,  however,  acids  were  discovered  in  which  no  oxygen 
could  be  detected :  such,  for  example,  as  the  hydrochloric,  the 
hydriodic,  and  the  hydrobromic,  into  the  composition  of  which 
hydrogen  enters ;  yet  these  bodies  were  found  in  other  respects 
to  correspond  perfectly  with  Lavoisier's  definition,  and  to  possess 
all  the  characters  of  powerful  acids.  To  meet  this  objection,  the 
theory  was  modified,  and  the  acids  were  divided  into  two  great 
classes,  the  first  of  which  comprised  the  oxyacids,  such  as  the 
sulphuric,  nitric,  and  others  of  analogous  composition,  in  which 
it  was  supposed  that  the  acid  properties  depended  on  the  presence 
of  oxygen ;  the  second  class  was  formed  by  the  hydracids,  such  as 
the  hydrochloric  and  hydriodic  acids,  in  which  hydrogen  was  an 
essential  component.  It  was  noticed,  that  when  bodies  belonging 
to  either  of  these  classes  combine  with  metallic  compounds^  and 
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form  neutral  combinations^  the  acids  do  not  unite  directly  with 
the  metals  without  evolution  of  gas;  with  their  oxides,  on  the 
contrary,  combination  appears  to  take  place  directly:  diluted 
sulphuric  acid,  for  example,  has  no  action  upon  metallic  copper, 
but  it  quickly  dissolves  its  oxide,  forming  the  blue  solution  of 
cupric  sulphate.  On  applying  heat  so  as  to  render  the  salt  anhy- 
drous, it  was  found  that  the  salts  of  the  oxyadds  (of  which  sul- 
phate of  potash,  KOySO^  may  be  taken  as  the  type,  adopting  for 
the  present  the  equivalents  0=8,  S=i6,  and  the  old  notation) 
might  be  represented  under  the  form  MO,SO^,  which  supposes  the 
union  of  i  equivalent  of  the  anhydride  with  i  equivalent  of  a 
metallic  oxide ;  while  a  hydracid  (such,  for  instance,  as  hydro- 
chloric acid)  if  made  to  act  upon  a  base  such  as  caustic  soda, 
yields  a  body  like  common  salt  (NaCt),  which  when  dry  contains 
neither  hydrochloric  acid  nor  soda,  the  radicle  of  the  acid  being 
left  in  combination  with  the  metal  itself:  NaOyHO-\-HCl  yield- 
ing NaCl-\-2H0,  Thus,  in  the  case  of  the  salts  of  the  hydracids, 
it  will  be  observed  that  the  oxygen  of  the  oxide  is  precisely  suffi- 
cient to  convert  the  hydrogen  of  the  acid  into  water  :  this  union, 
indeed,  actually  takes  place,  and  the  water  so  formed  is  expelled 
on  the  application  of  heat.  When,  therefore,  a  hydracid  acts 
upon  a  base,  a  true  double  decomposition  occurs. 

In  consequence  of  this  supposed  difference  in  constitution,  it 
was  proposed  to  subdivide  salts  into  two  classes, — ^the  first,  like 
nitrate  of  potash,  KO^NO^  being  formed  by  the  union  of  an  oxide, 
such  as  potash,  with  an  oxyacid,  or  anhydride  as  we  now  term  it, 
such  as  the  nitric ;  these  were  termed  oxy salts :  the  other  class 
being  produced  by  the  combination  of  a  metal  with  the  charac- 
teristic element  in  a  hydrogen  acid.  The  salts  of  the  second  class, 
being  composed  upon  the  same  plan  or  type  as  sea-salt,  were 
termed  haloid  salts  (from  aXc>  sea-salt).  This  distinction  is  still 
recognized  by  many  chemical  writers.  The  supposition  that  a  salt 
consists  of  an  anhydride  united  to  a  base  still  affords  the  simplest 
explanation  of  many  chemical  decompositions ;  and  it  is  scarcely 
possible  to  represent  many  of  the  complex  silicates  satisfactorily 
by  any  other  plan. 

(549)  Binary  Hypothesis  of  Salts. — ^The  foregoing  observations 
seem  to  prove  that  there  is  a  marked  difference  between  the  com- 
position of  the  oxyacid  and  the  hydracid  series  of  salts.  The 
separation  of  salts  into  two  classes,  one  consisting  of  the  salts  of 
the  oxyacids,  and  the  other  of  those  of  the  hydracids,  is  not,  how- 
ever, indispensable.  A  hypothesis  was  advanced  by  Davy  and 
by  Dulong,  which  reduces  all  salts  to  the  hydracid  type.     Upon 
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this  view — ^frequently  tenned  the  bin&ry  theory  of  aalti — aU  tin 
hydrated  acids  are  regarded  as  salts  eontaimng  bydrogea  m  ti» 
place  of  a  metal^  so  that  hydrogen  acts  the  part  of  a  feeble  baiyi 
towards  a  group  of  elements^  or  a  single  element,  which  fbrms^ 
radicle  of  the  salt.  It  has  already  been  shown  that  the  anhy- 
drides  of  those  oxyacids  which  can  be  obtained  in  an  iscdated 
form,  such,  for  example,  as  the  sulphuric,  the  nitric,  the  phos* 
phoric,  the  carbonic,  and  the  boracic  anhydrides,  do  not  poansi 
the  properties  generally  admitted  to  constitute  the  true  acid  cha- 
racter. Sulphuric  anhydride,  for  instance,  does  not  redden  diy 
litmus ;  it  may  be  moulded  in  the  fingers  without  injury ;  bat 
when  once  it  has  passed  into  the  hydrated  form,  whicli  it  speedily 
does  by  absorbing  moisture  from  the  air,  it  corrodes  all  organised 
substances  with  great  activity.  Carbonic  anhydride  is  also  with- 
out action  on  litmus.  When  such  compounds  have  entered  into 
combination  with  water  they  may  be  represented  as  hydracidB,by 
a  slight  modification  of  the  old  formula ;  e.g.,  nitric  add  {HO,N0^ 
may  be  expressed  as  {HyNO^,  corresponding  with  hydrodhlozie 
add  {Hfit) :  each  equivalent  of  these  bodies,  when  heated  in  ooii* 
tact  with  a  base  or  a  metallic  oxide,  gives  off  i  equivalent  of 
water,  in  a  manner  precisely  analogous  to  the  hydracids  already 
examined.  One  equivalent  of  oil  of  vitriol  treated  with  i  eqni^ 
valent  of  oxide  of  lead  would  thus  produce  an  equivalent  of  sul- 
phate of  lead  and  an  equivalent  of  water;  £r,SO^+PiO becoming 

Most  chemists  indeed  now  regard  the  compoimds  which  weare 
previously  considered  as  hydrated  adds  as  salts  composed  of  a 
compound  radicle,  which  may  be  termed  the  oxion  of  the  salt  (eon* 
sisting  of  the  anhydride  +  an  equivalent  of  oxygen)  united  with 
an  equivalent  of  hydrogen.  The  other  salts  of  the  add  would 
be  formed  frx)m  these  hydrogen  compounds  by  the  displacement 
of  the  hydrogen  by  an  equivalent  amount  of  each  of  the  diflbrmt 
metals  which  enter  into  the  composition  of  the  various  saltSj  and 
which  are  indicated  by  their  respective  names.  In  accordance 
with  this  view,  we  have  already  given  a  simple  explanation  of  the 
liberation  of  hydrogen  when  diluted  sulphuric  add  is  acted  upon 
by  zinc ;  the  zinc  merely  entering  into  combination  with  sulphion, 
and  displadng  the  hydrogen ;  so  that  (resuming  the  notation  wfaidi 
regards  0=i6  and  water  H,0)  H^SO^+Zn  become  ZnSO^-hH^; 
and  the  reaction  is,  upon  this  view,  analogous  to  that  of  the  same 
metal  upon  hydrochloric  add;  aHCl-fZn=ZnClj+Hg. 

A  comparison  of  a  few  of  the  so-called  hydracids  with  some 
of  the  hydrated  oxyadds  will  show  the  similarity  between  them ; 
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whilst  the  coiresponding  anhydrides  will  be  at  once  seen  to  belong 
to  an  entirely  distinct  group  of  compounds : — 


Hydneidf. 

Hydntad  oxjadda. 

AnhydridM. 

HF 
HCl 
HBr 
HI 

Kitrio  acid       HN(^ 

Iodic     n         ^^^ 

HypocliloroaA  acid      ...        HCIO 
Salphorio         „         ...        H,S04 

SO. 

A  few  reactions  between  certain  bases  on  the  one  hand  with  some 
of  the  hydradds,  and  on  the  other  with  certain  hydrated  oxyacids^ 
will  enable  us  to  complete  the  paralld  :^-* 

aUCl     +  AgjjO     =  aAga     +  Hj,0 

aHF     +  Ca'^O     =   Ca'T,     +  Hj,0 

HI     +  KHO     =        KI     +  H,0 

aHNO,  +  TljO  =  aTlNOj  +  H,0 
HjSO^  +  NaHO  =  NaHSO^  +  H,0 
H^O^    +     PV'O  =    PV'SO^  +  HgO 

In  each  case  the  salt  is  formed  by  the  substitution  of  an 
equiyalent  amount  of  metal  for  hydrogen,  whilst  a  corresponding 
quantity  of  water  is  liberated  and  occupies  the  place  of  the 
metallic  oxide  originally  employed. 

Binary  compounds  are  such  as  consLst  of  single  atoms  of  two 
elements  only ;  sodic  chloride  (NaCl),  therefore,  is  a  binary  com« 
pound ;  and  if  all  salts  be  assimilated  to  this  type,  it  is  assumed 
that  the  grouping  of  their  molecules  resembles  that  which  occurs 
in  this  binary  compound.  It  has  indeed  been  supposed  that  all 
salts  consist  of  two  portions :  one  comprising  the  distinctiye  con- 
stituents of  the  acid,  and  consisting  either  of  a  non-metallio 
elementary  substance  (chlorine,  CI,  for  example),  which  is  termed 
the  radiek  of  the  salt,  or  else  of  an  equivalent  compound  body  (such 
as  sulphion,  SO  J,  which  may  be  conyeniently  distinguished  as  the 
oxion  in  cases  where  the  acid  contains  oxygen ;  the  other  is  either 
a  metal  (sodium,  Na,  for  instance),  or  else  a  compound  like  ammo* 
nium  (H^N),  equivalent  to  a  metal,  termed  the  batyl  of  the  salL 
It  is  easy  to  distinguish  the  oxions  of  acids  in  ie  firom  those  of 
adds  in  ous ;  by  using  in  the  latter  case  the  termination  09Um  ; 
SO^  the  oxion  of  the  sulphites  being  su^ifhosion,  NOj^  the  oxion 
of  the  nitrites,  nitroiion,  and  so  on.  Attention  has  already  been 
directed  to  the  bearing  of  the  electrolysis  of  saline  compounds 
(286),  upon  this  theory  of  their  constitution. 

{55^)  Obfections  to  the  Binary  Hypotheris. — ^Notwithstanding 
the  ingenuity  of  the  foregoing  hypothesis,  and  the  advantages  which 
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it  offers  in  the  explanation  of  certain  modes  of  decomposition,  ik 
is  open  to  many  serious  objections ;  and  indeed  it  cannot  be  i^ 
garded  as  a  correct  representation  of  the  composition  of  a  salt 
under  all  circumstances.  In  &ct^  none  of  the  compound  radicles 
or  oxions^  SO^NO^^CO^^  have  been  obtained  in  an  isolated  foniii 
nor  is  it  probable  that  they  ever  will  be. 

It  also  appears  to  be  highly  improbable  that  a  body  of  such 
powerful  chemical  attractions  as  potash  should^  in  potassie  car- 
bonate for  example^  part  with  its  oxygen  to  a  substance  which, 
like  carbonic  anhydride^  exhibits  no  tendency  to  further  oxida- 
tion, so  that  KgO^COg  should  become  K^COj. 

The  conclusion  which  is  most  probable  is  this :  viz.,  that  a  sslt, 
when  once  formed,  must  be  regarded  as  a  whole ;  it  can  no  longer 
be  looked  upon  as  consisting  of  two  distinct  parts,  but  as  a  new 
substance,  maintained  in  its  existing  condition  by  the  mutual 
actions  of  all  the  elements  which  compose  it.  These  different 
elements  are  not  all  united  with  each  other  in  every  direction 
with  an  equal  amount  of  force.  As  in  a  crystal  there  are  certain 
directions  io  which  the  mass  admits  of  cleavage  with  greater 
facility  than  in  others,  and  as  two  or  three  different  directions  of 
cleavage  may  be  found  in  the  same  crystal  by  varying  the  direc- 
tion in  which  the  force  is  applied,  so  in  the  same  salt  there  are 
directions  in  which  it  yields  to  the  application  of  chemical  force 
more  readily  than  in  others ;  and  accordhig  as  that  chemical  force 
is  applied  in  one  way  or  in  another,  the  compound  splits  up  into 
simpler  substances,  the  nature  of  which  will  vary  according  to  the 
mode  which  has  been  selected  for  effectiog  its  decomposition. 

For  example,  if  the  solution  of  a  powerful  acid,  such  as  nitric 
acid,  be  poured  upon  potassic  carbonate,  carbonic  anhydride  is 
liberated  abundantly,  and  potassic  nitrate  is  produced  ;  K^C03+ 
aHNOgrsaKNOj+COj-f  H3O;  but  if  another  portion  of  the 
same  potassic  carbonate  be  mixed  with  charcoal,  and  heated  in 
an  iron  retort  to  whiteness,  metallic  potassium  and  carbonic 
oxide  are  the  results;  K^COj-f  aCrsKg-f  3CO.  Again,  if  a  solu- 
tion of  potassic  carbonate  be  subjected  to  electrolysis  by  the  ud 
of  the  voltaic  battery,  the  salt  splits  up  into  potassium  (which  is 
immediately  oxidized  by  the  water  in  the  midst  of  which  it  is 
liberated),  and  into  carbion,  CO3,  which  is  as  instantly  resolved 
into  oxygen  gas  and  carbonic  anhydride ;  2K3CO3  becoming  aE^+ 
aCOg,  and  2X^+41130  give  4KHO  +  aH3,  whilst  aCO,  becomes 
2CO3  -f  Oj.  Tlie  probability  therefore  is,  that  neither  the  old  nor 
the  new  view  is  absolutely  correct,  but  that  each  may  in  turn  weU 
represent  the  salt  when  subjected  to  the  influence  of  particular  cir* 
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cmmstances.  It  may  therefore  readily  be  conceded  that  the  binary 
theory  may  in  certain  cases  elucidate  the  decompositions  observed, 
notwithstanding  the  difSculties  which  prevent  its  adoption  as  a 
correct  representation  of  the  molecular  arrangement  of  saline 
compounds  in  general  when  in  a  quiescent  state.  On  the  other 
hand,  it  may  often  be  convenient  to  represent  certain  salts  as 
compounds  of  the  anhydride  and  the  base :  calcic  carbonate,  for 
example,  may  sometimes  be  written  CaO,COjp  although  the  em- 
pirical formula  CaCO,  may  generally  be  preferred.  So,  again,  in 
the  case  of  the  sulphates.  Anhydrous  magnesic  sulphate  may,  for 
instance,  be  often  written  MgO,SOg,  although  we  may  generally 
adopt  the  form  MgSO^  which  involves  no  theory  of  its  constitution. 

(551)  SulphO'Salts. — ^The  jireceding  remarks  have  been  made 
with  almost  exclusive  reference  to  those  salts  into  the  composition 
of  which  oxygen  enters.  There  is,  however,  a  numerous  series  of 
compounds  parallel  to  these  oxy-compounds,  but  in  which  sulphur 
enters  into  combination  with  the  metal;  and  for  each  atom  of 
oxygen  in  the  series  of  the  oxy-salts  an  equivalent  of  sulphur  is 
substituted  in  the  corresponding  compound  in  the  sulphur  series. 
Generally  speaking,  the  sulphur-salts  are  of  subordinate  impor- 
tance to  the  oxy-compounds ;  many  of  them  are  decomposed  by 
admixture  with  water,  and  they  have  been  the  subject  of  much 
less  study  and  research  than  the  oxy-salts.  Many  chemists 
regard  these  compounds  as  salts  in  which  the  electropositive 
sulphides,  such  as  the  protosulphidcs  of  potassium,  &c.,  act  the  part 
of  bases;  and  the  electronegative  sulphides,  such  as  the  higher 
sulphides  of  arsenib  and  antimony,  act  as  acids.  No  doubt  their 
molecular  constitution  is  analogous  to  that  of  the  oxy-salts. 

(55a)  Forie/tc*(/Saft*.-— Salts  are  iisTially  spoken  of  as  nctt/ra/, 
acid,  or  boHc ;  but  though  these  terms  are  in  general  use,  there  is 
some  ambiguity  in  the  manner  in  which  they  are  applied. 

(553)  Neutral,  or  Normal  Salts. — ^The  idea  of  neutrality  im- 
plies that  the  peculiar  characters  both  of  the  acid  and  of  the 
alkali  have  disappeared  as  a  result  of  chemical  combination,  and 
one  of  the  usual  means  by  which  this  neutralization  in  properties  is 
judged  of,  consists  in  observing  the  effect  which  is  produced  upon 
certain  vegetable  colours  when  mixed  with  a  solution  of  the  salt. 

The  blue  coloiir  of  litmus,  for  example,  is  changed  to  red  by 
the  action  of  an  acid,  whilst  the  colour  of  litmus  reddened  by  an 
acid  becomes  blue  if  it  be  mixed  with  an  alkali.  The  yellow 
colour  of  turmeric  is  changed  to  brown  when  mixed  with  an 
alkali,  but  the  yellow  is  restored  if  the  alkali  be  caused  to  combine 
with  an  add.     A  salt  which  affects  neither  the  blue  of  litmus 
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nor  the  yellow  of  turmeric  is  said  to  have  a  neutral  veactaon. 
But  chemists  are  in  the  habit  of  regarding  many  salts  as  xkealnl 
in  composition  which  are  not  neutral  in  their  action  vpon 
coloured  tests.  The  basic  properties  of  different  metallic  oxides 
vary  considerably  in  intensity.  Equal  quantities  of  the  same  add| 
according  as  it  is  neutralized  by  equivalent  quantities  of  i 
base  or  of  a  strong  one^  will  differ  considerably  in  their 
upon  coloured  tests :  for  example^  62  parts  of  nitrion  in  comfaina* 
tion  with  39  parts  of  potassium  furnish  loi  a[  potaasic  nitrate 
(KNOj)^  which,  when  dissolved  in  water,  does  not  aflEact  thi 
colour  either  of  blue  or  of  reddened  litmus«paper.  It  is  theorefioie 
neutral  in  its  reactions  upon  coloured  tests. 

Salts  of  nitric  acid  in  which  i  atom  of  a  monad  like  potas- 
sium, sodium,  or  silver  disfdaces  the  hydrc^en  in  i  atom  of  the 
acid  HNO3,  ^  ^  which  i  atom  of  a  dyad  such  as  lead  or  oopper 
displaces  the  hydrogen  of  2  atoms  of  nitric  acid  (2HNO3),  axe  la* 
garded  as  neutral  in  composition,  whatever  may  be  their  action 
upon  vegetable  colours.  If,  for  instance,  223  parts  of  phunfaie 
oxide  (PbO)  be  made  to  act  upon  126  parts  of  nitric  acid,  plumfaie 
nitrate  and  water  will  be  formed;  PV'0+2HNO,=:H,0+ 
Fb''2N0,,  and  the  salt  is  neutral  in  composition,  though  if  dis- 
solved in  water  it  reddens  litmus,  and  has  an  acid  reaction.  His 
same  thing  is  true,  also,  in  the  case  of  cupric  nitrate  (Cu^'aNQg). 

The  change  in  the  tint  of  the  coloured  test  is  therefore  not 
to  be  regarded  as  an  absolute  proof  of  neutrality  or  acidity  in  tha 
composition  of  a  salt.  The  change  of  colour  which  the  litmus 
experiences,  even  from  a  salt  of  neutral  composition,  is  readily 
explained.  Blue  litmus  is  itself  a  species  of  salt,  formed  by  the 
combioation  of  the  metals  of  one  of  the  alkalies  or  garths  with 
the  oxion  of  a  feeble  vegetable  acid  which  is  naturally  of  a  red 
colour,  but  which  becomes  blue  when  it  is  neutralised  by  an 
alkali.  When  a  powerful  acid,  such  as  the  nitric  or  the  stdphuric, 
is  mixed  with  this  blue  colouring  matter,  the  oxion  of  the  stioag 
acid  seizes  i^n  the  basyl  which  the  litmus  contains,  and  seta  firec 
the  litmus  acid,  which  appears  of  its  natural  red  hue ;  but  on 
the  addition  of  an  alkali  the  blue  is  restored  by  the  reaction 
of  the  newly  added  base  upon  the  litmus  acid  and  the  formatum 
of  the  litmus  salt  of  the  alkali-metal.  Again,  if  a  salt  with  a 
strong  oxion  and  a  comparatively  feeble  basyl  be  mixed  with  ihs 
blue  litmus,  the  strong  oxion  seizes  upon  a  part  of  the  basyl 
which  is  in  combination  with  the  litmus,  and  liberates  the  litmus 
acid,  which  appears  of  a  more  or  less  intense  red,  according  as  the 
basyl  of  the  neutral  salt  has  given  up  more  or  less  of  its  oxion. 
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For  analogous  reasons  it  sometimes  liappens  that  a  salt  whicli 
is  neutral  in  composition  may  exUbit  characters  in  which  the 
hasyl  preponderates  to  a  greater  or  less  extent.  Common  or  di- 
potassic  carbonate  (K^CO^)  is  neutral  in  composition^  but  it 
appears  to  be  basic  in  its  action  upon  the  yellow  colour  of 
turmeric-paper,  which  it  renders  powerfully  brown,  and  it  imme- 
diately  restores  the  blue  tinge  to  reddened  litmus.  This  ambi- 
guity in  the  use  of  the  word  neutral,  may,  however,  be  entirely 
obviated  by  describing  as  normal  salts  the  salts  above-mentioned 
as  neutral  in  composition ;  employing  the  term  neutral  solely  with 
reference  to  the  action  of  the  body  upon  coloured  tests ;  and  in 
this  sense  these  terms  wiU  be  used  hereafter. 

(554)  Pobfbanc  Adds — Acid  Salts. — If  a  quantity  of  oxalic 
add  be  divided  into  two  equal  portions,  one  of  which  is  dissolved 
in  water,  and  mixed  with  a  solution  of  potassic  hydrate  until  the 
liquid  becomes  neutral  in  its  reaction  upon  litmus,  a  salt  is 
formed  which,  on  evaporation,  may  be  obtained  crystallized  in 
six-sided  prisms,  consisting  of  the  normal  or  dipotassic  oxalate, 
(K^CgO^HgO).  If  this  salt  be  redissolved  in  water,  and  the 
second  portion  of  oxalic  acid  be  added  to  it,  diemical  union  of 
the  two  bodies  will  occur ;  the  liquid  so  obtained  will  be  found  to 
have  a  sour  taste,  to  redden  litmus  x>owerfully,  and  on  evapora- 
tion to  yield  a  new  salt,  which  crystallizes  in  rhomboidal  prisms, 
eontaining  exactly  half  as  much  potassium  in  proportion  to  the 
acid  as  the  first  salt;  this  is  the  hydropotassic  oxalate,  com- 
monly known  as  the  binoxalate,  or  acid  oxalate,  of  potassium 
(KHCjO^HjO) ;  for  KgC^O^H.O  +  lIfifi^Hp=^2{KllCfi^Kfi). 

Again,  if  the  normal  or  dipotassic  sulphate  (K^SOJ  be  dis- 
solved in  hot  sulphuric  acid,  tabular  plates  of  a  new,  fusible,  and 
strongly  acid  salt,  will  crystallize  out  as  the  liquid  cools,  and  the 
hydropotassic  sulphate,  commonly  called  the  bisulphate  or  acid 
sulphate  of  potassium  (KHSOJ  will  be  formed;  for,  K^SO^-h 
H^SO^saKHSO^.  This  salt  contains  only  half  the  amount  of 
potassium  which  is  present  in  the  normal  sulphate.  If  an 
attempt  be  made  to  form  a  similar  acid  salt  by  dissolving  potassic 
nitrate  in  nitric  acid,  the  experiment  will  £Etil,  for  the  nitre  will 
be  found  to  crystallize  out  unchanged. 

The  bodies  now  distinguished  as  adds,  it  must  be  remembered, 
are  simply  salts  of  hydrogen ;  and,  firom  the  experiments  just  de- 
scribed, it  is  apparent  that  there  are  certain  acids  in  which  their 
basic  hydrogen  admits  of  displacement  by  a  metallic  basyl  in  one 
proportion  only,  whilst  there  are  other  acids  in  which  the  hydro- 
gen admits  of  displacement  by  a  metal  in  two  proportions^  form- 
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ing  two  classes  of  salts^  one  of  which  is  neutral  in  its  reactiaii, 
the  other  is  acid.  Such  acid  salts  consequently  contain^  in  addi- 
tion to  the  oxion  and  basyl^  a  certain  quantity  of  hydrogen,  u 
occurs^  for  instance^  in  the  acid  sulphate  and  the  acid  oxalate  of 
potassium.  This  hydrogen  is  not  to  be  regarded  as  present  in  the 
form  of  water  of  crystallization :  it  discharges  a  more  important 
ftmction,  for  it  takes  the  place  of  one  of  the  atoms  of  the  metal 
on  these  occasions ;  and  it  is  because  the  basylous  properties  of 
hydrogen  are  so  feeble^  that  the  acid  character  predominates  to 
so  great  a  degree  in  such  salts. 

Acids  in  the  molecule  of  which  but  a  single  atom  of  hydrogen 
admits  of  displacement  by  an  atom  of  a  metallic  monad  such  as 
potassium^  are  said  to  be  monobasic.  Of  this  description  the 
hydrochloric  acid  HCl,  the  nitric,  HNOj,  and  the  acetic,  HC^HjO, 
acids  are  examples. 

If,  however,  the  molecule  of  the  acid  contains  2  atoms  of 
hydrogen,  susceptible  of  displacement  by  two  atoms  of  a  monad 
like  potassium,  or  by  one  atom  of  a  dyad  like  zinc,  the  add  ii 
said  to  be  dibasic,  like  the  sulphuric,  H^SO^  the  oxalic,  H^C^O^ 
and  the  tartaric,  H^C^H^O^  acids.  Many  of  the  vegetable  adds 
belong  to  this  class. 

Again,  if  the  molecule  of  the  add  contains  3  atoms  of  hydrogen 
susceptible  of  displacement  by  3  atoms  of  a  monad  like  potassium 
or  silver,  or  by  one  atom  of  a  triad  like  bismuth,  such  an  add  is 
said  to  be  tribasic.  Orthophosphoric  acid,  HjPOp  is  a  good 
instance  of  this  kind ;  and  among  the  organic  acids  the  dtrie, 
HjCgHgOy,  may  be  mentioned. 

Acids  which  allow  the  substitution  of  more  than  one  atom  of 
hydrogen  by  a  corresponding  number  of  atoms  of  a  metallic 
monad  (whether  2,  3,  or  4  atoms)  are  said  to  be  polybasic. 

Ordinary  nitre  affords  an  instance  of  the  formation  of  a 
normal  salt  by  the  action  of  the  oxide  of  a  metallic  monad  upon 
a  monobasic  acid  (KHO -f  H^O^^Ufi -f  KNO3) ;  whilst  plumbic 
nitrate  (Pb^^zNOj)  illustrates  the  case  of  a  normal  salt  formed  by 
the  reaction  of  the  protoxide  of  a  dyad  metal  upon  a  monobasic 
acid  (PV'O-fHNOjZsHaO-f-PV'aNOg);  and  potaasic  sulphate 
affords  an  example  of  the  formation  of  a  normal  salt  by  the 
reaction  of  the  oxide  of  a  monad  metal  with  a  dibasic  add 
(aKHO  -f  H2S0^= 2HjO -f  K^SOJ.  These  three  varieties  indude 
the  most  common  forms  of  normal  salt.  When  a  dibasic  add 
acts  upon  the  protoxide  of  a  metallic  dyad,  a  salt  is  formed 
similar  to  that  obtained  by  the  reaction  of  sulphuric  add  upon 
calcic  hydrate,  where  two  atoms  of  hydrogen  in  the  add  are 
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replaced  by  i  atom  of  the  dyad  caldumj  Ca'^HjOg+HlgSO^ss 
aHjO+Ca'^SO^. 

But  numerous  salts  are  known  which  are  formed  by  the  action 
of  sesquioxides  upon  the  acids.  In  certain  cases  the  sesquioxides 
act  upon  the  acids  just  as  the  protoxides  do.  For  instance,  the 
sesquioxides  of  antimony  and  uranium,  as  well  as  those  of  bis- 
muth, iron,  and  aluminum,  in  certain  circumstances  yield  a  sul- 
phate by  the  action  of  the  two  bodies  in  the  proportions  indicated 
in  the  following  equations : — 

U.O,  +H,SO,=(U,0,)-  SO,+H,0 
Bi203  +  H,SO^=(Bi203)''  SO^+H^O 

Al,03-hH,SO^=(AljOi''  SO^+HjO 

These  sulphates,  however,  with  the  exception  of  the  first,  are  all 
insoluble ;  the  oxide  of  uranium  (U^O^)^^,  uranyl,  as  Peligot  has 
termed  it,  has  been  isolated ;  indeed,  it  was  for  some  years  mis- 
taken for  metallic  uranium,  till  Peligot  showed  it  to  be  a  com« 
pound,  and  obtained  the-  metal  itself.  Bismuthyl  (Bi^Og)''  has 
also  been  procured,  but  the  other  oxides  of  the  formulae  corre- 
sponding to  uranyl  have  not  as  yet  been  isolated.  The  foregoing 
salts  are  generally  regarded  as  basic  salts,  derived  from  the  sesqui- 
oxides. Many  of  them  may  be  conveniently  represented  either 
by  the  general  formula  MjO^SOj,  or  they  may,  by  trebling  the 
formulae  just  given  above,  be  represented  in  the  following  manner ; 
but  they  often  retain  water  not  indicated  in  the  formulae : — 

Basic  aDtimonions  sulphate         Sb,3SO^,2Sb,0, 

bismath  „  Bi,3S0^,2Bi,0, 

ferric  „  P«i3SO^,2Pe,0, 

alaminio  „  Al]3S0^,2Al,0, 

In  the  majority  of  instances,  when  a  dibasic  add,  such  as  the 
sulphuric,  acts  upon  a  sesquioxide,  such  as  alumina  or  ferric  oxide, 
three  atoms  of  the  dibasic  acid  are  required  to  form  a  normal 
soluble  salt,  in  which  case  the  metal  becomes  terequivalent,  and 
two  atoms  of  the  metal  are  therefore  equivalent  to  6  atoms  of 
hydrogen.  For  example,  (Al'^^A + sH^SO^  yield  3H3O  -f  (Al^'O, 
3S0pand  under  these  particular  circumstances  iron  itself,  instead 
of  being  biequivalent,  as  in  the  ferrous  salts,  becomes  terequivalent 
in  these  ferric  salts.  (Fe''0  A+SHgSO^  yield  3H3O+  (Fe^'O^sSO^; 
thus  affording  an  example  of  the  remarkable  fact  of  a  metal  pos- 
sessing two  different  equivalents. 

Other  metals  besides  iron  exhibit  this  power  of  assuming  two 
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difibrent  equivalents :  chromimn  and  cerium,  for  example,  in  par- 
ticular cases  may  be  biequivalent,  whilst  in  other  cases  thej  ase 
undoubtedly  terequivalent  metals ;  for  instance,  they  axe  Uequi* 
Talent  in — 

Chromous  ohloride  and  lulphate         ...         (VCl,;  (V^SO^ 
Cenras  ohbride  and  sulphate Ce'^Gl, ;  (kT&O^ 

and  terequivalent  in 

Chromio  obloride  and  folphate           ...         CV'^.d,;  Ci^'sSSO^ 
Ceric  chloride  and  sulphate Ce%Cl^;  Co^^SO^ 

In  the  protoxides  and  salts  corresponding  to  them,  these 
metals  are  biequivalent ;  whilst  in  the  sesquioxides  and  the  salts 
corresponding  to  them  the  metals  are  terequivalent.  Tin,  plati- 
num, and  palladium,  again,  in  certain  cases  are  biequivalent,  in 
others  quadrequivalent.  This  subject  will  be  further  considered 
in  the  opening  chapter  of  the  third  volume  of  this  work. 

The  normal  salts  derived  from  these  different  sesquioxides  by 
the  action  of  acids  upon  them  have  usually  an  add  taste,  and 
redden  litmus  powerfully.  This  is  well  seen  in  the  normal  ferric 
and  aluminic  sulphates. 

It  is  not  necessary  that  the  two  or  the  three  atoms  of  bssjd 
which  the  salts  of  the  dibasic  or  tribasic  acids  contain  should  ooii« 
sist  of  the  same  metal.  Indeed,  it  has  already  been  shown,  in 
the  case  of  the  various  phosphates,  that  several  basyls  may  coexilt 
in  the  same  salt,  in  definite  proportions.  In  disodio-dihydric 
pyrophosphate,  for  example  (Na^H^P^O^),  2  atoms  of  hydrogen 
supply  the  place  of  2  atoms  of  sodium ;  and  in  the  microoosmie 
salt  (Na,H^N,H,P04  *  4^2^),  we  have  a  tribasic  sodio-ammoni^ 
hydric  phosphate,  where  each  of  the  three  atoms  of  basyl  differs 
from  the  others. 

Now  it  frequently  happens  that  hydrogen  is  one  of  the  basyb 
present  in  the  salt,  and  when  such  is  the  case,  the  salt,  when  dis- 
solved in  water,  usually  has  a  sour  taste,  and  reddens  litmus- 
paper  strongly.  It  is  in  this  way  that  the  most  conunon  variety 
of  acid  salts  is  formed,  such  as  the  so-called  binoxalate  and  the 
bisulphate  of  potassium  already  adverted  to  (p.  365).  Cream  of 
tartar,  or,  as  it  is  oflen  called,  bitartrate  of  potash,  offers  ai^othigr 
good  illustration  of  this  kind  of  salt. 

Cream  of  tartar  is  a  sparingly  soluble  crystallizable  compound, 
of  an  agreeable  acidulous  taste  ;  it  consists  of  KHC^H^O^,  and  i^ 
in  fact,  a  dibasic  potassio-hydric  tartrate :  if  now  it  be  dissolved 
in  hot  water,  and  another  equivalent  proportion  of  caustic  potash 
be  added,  the  hydrogen  is  displaced  by  the  second  atom  of  potas- 
sium^ all  the  acid  taste  disappears,  and  normal  or  dipotassic  tar- 
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irate  is  produced  (K^C^H^O^)^  a  salt  which  no  longer  affects  the 
colour  either  of  litmus  or  of  turmeric  paper.  An  equivalent 
quantity  of  potassic  carbonate  may  be  substituted  for  caustic 
potash  with  equal  effect^  as  it  will  be  decomposed^  and  the  car- 
bonic anhydride  will  be  expelled  with  effervescence.  Sodic  car- 
bonate may  be  substituted  for  potassic  carbonate,  but  in  this  cas^ 
a  different  salt,  known  as  Rochelle  salt,  the  sodio-potassic  tartrate 
(KNaC^H^Ojy4HgO)  will  be  formed  by  the  following  reaction ; 
NaHCO,  +  KHC^H^Oj = H,0 + CO,  +  KNaC^H.O^. 

Acid  salts  are  generally  formed  like  cream  of  tartar,  from  a 
dibasic  acid  which  has  reacted  with  i  atom  only  of  a  powerful 
monad  base,  while  the  place  of  the  second  atom  of  metal  has  been 
supplied  by  an  atom  of  hydrogen ;  but  they  are  not  always  so  pro- 
duced :  an  acid  sulphate  of  potassium,  which  is  anhydrous,  may 
be  obtained  (K^SO^SOj) ;  and  the  acid  chromate  or  bichromate 
of  potassium  (KgCrO^CrOg)  always  occurs  in  the  anhydrous  form. 
Such  salts  have  been  distinguished  from  ordinary  acid  salts  by 
the  term  anhydro-salts,  or  salts  containing  an  anhydride. 

(555)  Double  So//*.— The  foregoing  description  of  the  poly- 
basic  adds  has  presented  us  with  certain  cases  in  which  double 
stilts  are  formed.  There  are  several  varieties  of  double  salts. 
The  most  conmion  are  those  which  are  produced  by  the  union  of 
two  dissimilar  metals  with  the  same  acid  radicle  or  oxion.  These 
varieties,  however,  are  confined  within  certain  limits.  It  is  not 
possible  to  form  double  salts  ad  libitum,  by  bringing  2  equivalents 
of  any  acid  in  contact  with  i  equivalent  each  of  any  two  bases. 
Chemists  assume  that  when  two  different  metallic  monads,  such 
as  sodium  and  potassium,  combine  iwith  the  same  oxion  in  the 
proportion  of  i  atom  of  each  metal  to  form  a  double  salt  (like 
Rochelle  salt),  the  acid  in  question  is  dibasic.  The  larger  number 
of  double  salts  which  have  been  produced  are  thus  formed  by  the 
combination  of  different  metals  with  polybasic  oxions.  The  so- 
called  bicarbonates,  binoxalates,  and  many  other  similar  com- 
pounds, prove,  on  examination  to  be,  as  we  have  already  shown 
true  double  salts  of  this  class,  analogous  to  normal  or  neutra^ 
salts,  in  composition  ;  but  one-half  of  their  basylous  constituents 
consists  of  hydrogen.  Some  other  considerations  relating  to  the 
basicity  of  acids  and  to  the  polybasic  acids  will  be  more  con- 
veniently deferred  until  the  nature  of  the  organic  acids  has  been 
discussed. 

The  formation  of  another  remarkable  series  of  double  salts, 
particularly  investigated  by  Graham,  appears  to  be  directly  con- 
nected with  the  mode  in  which  water  attaches  itself  to  certain 

II.  B   B 


870  DOUBLE    SALTS. 

salts.  In  most  cases  the  water  of  crystallization  may  be  eipdkd 
from  a  salt  by  exposing  it  to  a  temperature  not  exceeding  tbat  of 
boiling  water.  This^  however^  does  not  always  happen : 
times  all  the  water  of  crystallization  may  thus  be  expelled 
the  exception  of  a  single  atom^  which  requires  a  much  higher 
heat  for  its  expulsion^  although  in  these  cases  it  does  not  appear 
to  act  in  any  degree  as  a  base.  Under  these  circumstances  it  wu 
found  that  this  last  atom  of  water  might  readily  be  displaced  bj 
addiug  to  the  salt  an  equivalent  of  certain  anhydrous  salts.  An 
excellent  iUustration  of  such  a  method  of  the  formation  of  douUe 
salts  is  afforded  in  the  case  of  a  certain  class  of  the  sulphates. 
All  the  sulphates  of  metals  isomorphous  with  magnesium  an 
capable  of  forming  double  salts  of  this  nature  with  some  anhy- 
drous sulphate  not  isomorphous  with  this  class-— such^  for  in- 
stance^ as  potassic  sulphate. 

When  magncsic  sulphate  (MgSO^H^O .  6HgO)  is  heated  to 
loo^  C,  six  out  of  the  seven  atoms  of  water  are  expelled,  but  the 
seventh  atom  is  retained  until  the  temperature  is  raised  consider- 
ably. If,  however,  magnesic  sulphate  and  potassic  sulphate  be 
separately  dissolved  in  water  in  equivalent  proportions,  mixed 
while  hot,  and  allowed  to  crystallize,  a  new  double  salt  (MgSOp 
KgSO^  .  6flfi)  is  deposited,  having  the  same  crystalline  form  u 
magnesic  sulphate,  but  it  contains  only  6  atoms  of  water  of  ays* 
tallization.  The  seventh  atom  has  been  displaced  by  the  jKitassic 
sulphate,  and  this  portion  of  water  has  hence  been  termed  hj 
Grraham,  constitutional,  or  saline  water. 

There  is  another  well-known  variety  of  double  salts,  in  which 
it  is  not  necessary  that  the  component  salts  should  be  farmed 
from  oxides  of  the  same  class,  or  even  contain  a  similar  number 
of  equivalents  of  the  radicle  of  the  acid.  In  this  way  sulphates 
formed  from  sesquioxides  often  unite  with  the  sulphates  fanned 
from  protoxides  to  produce  well-characterized  double  salts:  s 
striking  example  of  this  kind  is  afforded  in  the  important  tribe  of 
alums.  Common  alum  consists  of  a  combination  of  potassic  with 
aluminic  sulphate  and  water  of  crystallization  (KAl,2S04,iaHj|0) : 
nimierous  other  salts,  having  the  same  crystalline  form,  and  of 
similar  composition,  might  be  mentioned. 

There  are  a  few  instances  of  two  different  oxions  or  scid 
radicles  being  united  to  one  basyl,  but  they  are  neither  suffi* 
ciently  numerous  nor  important  to  merit  lengthened  notice ;  they 
are  more  frequently  met  with  among  natural  than  artificial  com* 
binations. 

Instances  are  common  in  which  two  different  haloid  salti 
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unite  with  eacli  other;  compounds  of  this  description  are  most 
usual  between  the  chlorides^  iodides^  and  bromides  of  the  less 
oxidizable  metals  with  those  of  the  metals  contained  in  the  alka- 
lies and  earths :  the  potassio-platinic  chloride  (2KCl^PtClJ  and 
the  potassio-mercuric  iodide  (2KI^Hgl2)  are  good  instances  of  such 
compounds.  Bonsdorff  proposed  to  consider  these  compounds 
in  the  light  of  salts  in  which  the  chloride  or  iodide  of  the  elec- 
tronegative metal  (platinum,  gold,  &c.)  acted  the  part  of  an  acid 
towards  the  electropositive  chloride  (chloride  of  potassium,  sodium, 
&c.)  ;  but  this  view  is  not  tenable.  Such  salts  are  never  resolved 
by  electric  action  into  their  constituent  chlorides,  and  the  acid 
reaction  of  the  higher  chlorides  is  not  neutralized  or  modified  by 
combination  with  the  chlorides  of  the  alkali-metals ;  in  fact^  the 
constituent  chlorides  themselves  are  salts. 

Many  double  salts  may  be  formed  by  fusion  with  each  other, 
though  they  cannot  be  procured  by  the  usual  method  of  crystal- 
lization from  a  solution  containing  equivalent  quantities  of  the 
two  salts.  Sodic  chloride,  for  example^  may  be  melted  with  an 
equivalent  amount  of  calcic,  strontic,  or  baric  chloride ;  and  in 
each  case  a  compound  salt  is  obtained,  which  has  a  much  lower 
fiising-point  than  either  of  its  component  chlorides  in  a  separate 
form ;  but  the  double  salt  is  decomposed  when  it  is  dissolved  in 
water. 

(556)  Subsalts. — A  very  different  series  of  saline  compounds 
still  remains  for  consideration,  and  in  these  the  proportion  of  base 
predominates  over  that  of  the  acid;  they  are  usually  designated 
basic  salts,  or  subsalts.  The  theory  of  the  formation  of  these 
compounds  is  very  imperfect.  In  many  cases  subsalts  may  be 
compared  to  salts  which  contain  water  of  crystallization,  the  atoms 
of  base  in  excess  being  assumed  to  be  attached  to  the  normal  salt 
in  a  manner  analogous  to  that  by  which  the  water  of  crystalliza- 
tion is  retained  in  ordinary  instances. 

The  tendency  to  the  formation  of  subsalts  is  limited  to  certain 
acids  and  bases.  It  is  indeed  one  of  the  peculiarities  of  the  monad 
bases,  such  as  the  alkalies,  and  the  oxides  of  silver  and  thallium^ 
that  they  do  not  form  basic  salts ;  oxides  of  the  dyads,  such  as  the 
oxides  of  copper,  lead,  mercury,  and  zinc,  have  a  strong  tendency 
to  do  so,  while  the  oxides  of  the  triads,  when  basic,  such  as  the 
sesquioxides  of  antimony  and  bismuth,  have  a  still  greater  pro* 
pensity  to  form  basic  salts.  No  general  rule  can  be  laid  down  for 
the  acids,  but  among  the  common  acids,  those  which  most  fre- 
quently form  basic  salts  are  the  sulphuric,  nitric,  carbonic,  and 
acetic  acids. 
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Among  basic  sulphates^  for  example^  are  the  following : — 

Brochantite CaSO^,3CaOH,0 

Tribasio  oaprio  sulphate  CuS0,,2Cu0H,O 

Turpeth miseral   *       ...         ...         ...         HgS0^,2HgO. 

Among  basic  nitrates  are/ 

Dibaaic  plumbic  nitrate  Pb2N0,,Pl)0JfI,O 

Tetrabasio  cuprio  nitrate  Cu2K0,,3CaOU,O 

Mercuroua  subnitrate 3(Hg,2N0,)3g,O,H,0 

De  Marignao's  do 3(Hg,2N0J).aI^OB^a 

The  following  are  instances  of  basic  acetates : — 

Verdigris        Cu2C,H,0,  Chi0.6H,0 

Tribasio  cuprio  aeeUte  2(Cu2C,H,O,)^CaO^H,0 

Tribasio  plumbic  aoetate  Pb2C^H^0,,2Pb0,H,0 

Hexabasic  plumbic  acetate       Fb2C^H,0.,5FbO,]^a 

As  examples  of  basic  carbonates^  we  give^ 

Malachite        CuCO.CuOH.O 

Blue  carbonate  of  copper         2CnC0^Cu0H,0 

White  lead      2PbC0^Pb0H,0. 

Just  as  we  have  polybasic  acids^  so  are  there  polyacid  basjrls — 
basyls,  that  is^  such  as  the  dyads  or  triads,  which  require  mcne 
than  one  atom  of  a  monobasic  oxion  for  their  saturation.  This 
is  the  case,  for  example,  with  the  metals  of  the  alkaline  earths ; 
but  as  yet  the  class  of  double  salts,  which  they  no  doubt  com- 
pose, has  been  scarcely  examined. 

(557)  Oary chlorides f  ifc. — A  class  of  compounds  which  resemble 
the  subsalts  more  than  any  others,  is  presented  to  us  in  the  bodies 
termed  oxychlorides,  oxyiodides,  and  oxycyanides  of  the  metals. 
In  these  compounds,  one  atom  of  the  chloride,  of  the  iodide,  or 
of  the  cyanide  of  a  metal  is  imited  with  one  or  more  atoms  of  the 
oxide  of  the  same  metal.  Turner's  yellow,  which  is  an  oxycUoride 
of  lead  (PbCl3,7PbO),  is  a  well-known  commercial  article  belonging 
to  this  class.  Such  combinations  usually  occur  between  oxides 
and  chlorides  or  iodides  of  metals  the  pure  chlorides  or  iodides  of 
which  never  form  any  but  anhydrous  crystals. 

Some  salts  enter  into  combination  with  other  bodies,  and  form 
compounds  which  are  in  many  respects  anomalous;  such  fiir 
instance  are  the  compounds  of  ammonia  with  many  dry  salts: 
2  atoms  of  argentic  chloride  will  in  this  manner  absorb  3  atoms 
of  ammonia.  Many  of  the  salts  of  copper  exhibit  a  similar 
power  (62a). 
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The  metals  of  this  class  are  soft,  easily  fusible,  and  volatile  at 
Iiigh  temperatures ;  they  furnish  several  oxides,  of  which  only 
one  is  basic.  This  oxide  is  caustic,  and  extremely  deliquescent : 
the  hydrate  cannot  be  decomposed  by  ignition;  it  absorbs  car- 
bonic acid  with  avidity.  The  carbonates  are  soluble,  so  are  the 
sulphides  and  hydrosulphates  of  the  sulphides  (see  p.  329). 

§  I.  Potassium  (Kalium)  [K'=39'i]  Sp.  Gr.  o'SSj; 

Fusing-pt.  i44®'5  {62^'5  C.) 

Native  Compounds  which  cotUain  Potassium. 

Alum     ....  KAl2SO^iaHjO. 
Felspar  ....  (KNa)'jO,AlgO„6Si02. 
Biaxal  mica     .     .  (K,0,3[(AlFe)'''j03]6SiOj^. 

(558)  Symbols  of  Mixtures  of  Isomotphous  Compounds, — The 
formulae  employed  above  for  felspar  and  mica  require  explanation, 
as  the  principle  of  notation  adopted  in  these  cases  will  be  applied 
hereafter  to  the  formulse  of  a  large  number  of  minerals .« 

It  often  happens  that  isomorphous  bases  displace  each  other 
in  the  same  mineral  without  altering  its  form  or  mineralogical 
characters,  or  even  without  altering  its  general  chemical  formula. 
Mica,  for  example,  may  be  regarded  as  a  compound  of  i  atom  of 
a  silicate  of  a  protoxide  of  a  metal  with  3  atoms  of  a  different 
silicate  of  a  sesquioxide  of  a  different  metal.     Let  M  stand  for 

*  The  formnkB  of  the  silicates  are  so  complex,  and  the  true  function  of 
silica  in  combination  is  at  present  so  ill  defined,  that  I  have  throughout  formu- 
lated them  as  containing  silica  in  combination  with  the  bases. 
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the  metallic  base  of  the  protoxide^  N  for  the  metallic  base  of  tlie 
sesquioxide ;  the  general  formula  for  mica  may  then  be  expPMwd 
thus  :— 

Mica=  [M,0,3Si03,3(N,Oj^SiOjj)]. 

Now  the  components  of  potash-mica  are  principally  ailicate  of 
potash  and  silicate  of  alumina,  the  potash  being  the  metallic 
protoxide  and  the  alumina  being  the  metallic  sesquioxide ;  bat 
the  sesquioxides  of  iron,  mangauesCj  and  chromium  are  alsa 
isomorphous  with  alumina  :  these  compounds  firequently  displace 
a  portion,  of  the  alimiina  from  its  combinations,  and  this  ii 
especially  the  case  with  the  sesquioxide  of  iron.  The  peculiarity 
of  isomorphous  metals,  when  they  displace  each  other^  is  this— 
that  the  displacement  is  liable  to  occur  in  any  possible  propor- 
tion ;  for  example,  in  different  specimens  of  mica  the  relatiTe 
proportions  of  iron  and  aluminum  are  liable  to  great  variatioDS; 
this  arises  from  the  fact  that  the  ferric  silicate  and  aluminic 
silicate  which  are  isomorphous,  may  be  mixed  in  any  conceivaUe 
proportion,  and  will  crystallize  together  without  altering  the 
form  of  the  mineral.  The  same  fact  may  also  be  represented  by 
stating  that  they  may  vary  indefinitely  in  amount,  provided  only 
that  the  quantity  of  the  two  metals  taken  together  in  any  one 
specimen  furnishes  such  a  proportion  of  a  metallic  sesquioxide  as 
is  equivalent  to  the  silica  in  that  portion  of  the  mineral ;  that  ii 
to  say,  that  the  two  proportionals  of  metal  required  for  combina- 
tion with  the  3  proportionals  of  oxygen  in  the  sesquioxide,  may 
either  consist  wholly  of  aluminum,  or  a  small  but  indefinite  pro- 
portion of  the  aluminum  may  have  its  place  supplied  by  a  email 
but  equivalent  quantity  of  iron,  or  a  large  proportion  of  the 
aluminum  may  have  its  place  supplied  by  a  corresponding  and 
equivalent  proportion  of  iron. 

Now  the  method  of  notation  adopted  in  the  preceding  fiar- 
mulse  is  employed  to  indicate  precisely  this — that  the  proporticKis 
of  the  two  or  more  metals,  the  symbols  of  which  are  bracketed 
together,  thus,  (AlFeMn)'''20s>  are  liable  to  vary  within  any  con- 
ceivable limits,  provided  that  the  united  amount  of  all  the  metab 
so  bracketed  be  exactly  sufficient  to  form  a  true  sesquioxide  with 
the  three  proportionals  of  oxygen. 

In  like  manner,  in  the  case  of  the  potassium  in  felspar,  the 
place  of  part  of  the  potassium  may  be  supplied  by  sodium ;  bat 
the  proportions  of  the  two  taken  together  require  exactly  the 
same  amount  of  oxygen,  and  consequently  saturate  the  same  pro- 
portion of  silica,  that  i  atom  of  potash  alone  would  have  required. 
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This  frequent  partial  displacement  of  one  isomorphons  metal 
by  another  in  native  crystallized  minerals^  renders  much  caution 
necessary  in  interpreting  the  results  of  an  analysis.  The  diffi« 
culty  of  fixing  the  formula  of  a  mineral  of  course  increases  with 
the  complexity  of  its  composition,  and  it  is  with  the  silicates 
especially  that  these  difficulties  are  experienced.  It  is  usual, 
when  the  analytical  operations  are  completed,  to  ascertain  the 
proportion  of  oxygen  in  the  silica,  then  the  proportion  of  oxygen 
contained  in  the  sesquioxides,  and  lastly  the  quantity  of  oxygen 
in  the  jirotoxides ;  because,  however  much  the  proportions  of  the 
different  metals  may  vary  in  different  specimens  of  the  same 
mineral,  the  ratio  of  the  oxygen  in  both  sets  of  bases  to  the 
oxygen  in  the  silica  remains  uniform.  In  felspar,  for  instance, 
if  the  proportion  of  oxygen  in  the  silica  be  taken  as  12,  that  in 
the  sesquioxide  of  alimiinum  is  3,  and  that  in  the  protoxide  of 
potassium  or  sodium  is  i. 

• 

(559)  Potassium.— This  remarkable  metal  was  discovered  by 
Davy,  in  the  year  1807,  and  its  isolation  marks  an  important  era 
in  the  progress  of  philosophical  chemistry.  The  alkalies  and  the 
earths  had  long  been  suspected  to  be  compound  bodies,  but  up  to 
that  period  they  had  resisted  all  attempts  to  decompose  them. 
When  once  potassium,  however,  had  been  separated  from  its  com- 
pounds, and  potash  had  been  proved  to  be  an  oxide  of  this  metal, 
the  decomposition  of  the  other  alkalies  and  earths  followed  as  a 
necessary  consequence:  more  correct  ideas  upon  fundamental 
points  of  chemical  theory  were  introduced ;  new  methods  of  re- 
search were  placed  within  reach  of  the  analytical  chenust,  and 
potassium  itself,  from  its  powerful  attraction  for  oxygen,  became 
an  important  addition  to  the  reagents  of  the  laboratory. 

Properties. — Potassium  is  a  bluish-white  metal,  which  is 
'  brittle,  and  has  a  crystalline  fracture  at  o^  C. ;  at  temperatures  a 
little  above  this  it  is  malleable :  at  15^  C.  it  is  soft ;  as  the  tem- 
perature rises  it  becomes  pasty,  and  at  144^*5  (62^*5  C.)  it  is  com- 
pletely liquid.  Whilst  in  the  soft  condition,  two  clean  surfaces 
of  the  metal  admit  of  being  welded  together  like  iron ;  at  a  red 
heat  it  may  be  distilled,  and  it  yields  a  beautiful  green  vapour. 
Potassium  is  light  enough  to  float  in  water,  having  a  specific 
gravity  of  only  0*865.  If  exposed  to  the  air,  even  for  a  few 
minutes  only,  it  becomes  covered  with  a  film  of  oxide:  when 
heated  to  its  point  of  volatilisation  it  bursts  into  flame,  and 
bums  with  great  violence.  The  powerful  attraction  of  potassium 
for  oxygen  is  seen  on  throwing  the  metal  into  water,  in  which 
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case  part  of  the  water  is  immediately  decomposed :  each  atom  of 
potassium  displaces  half  the  hydrogen  of  an  atom  of  water,  and 
potassic  hydrate  is  formed,  sH^O  +  Kg^^KHO  +  H^  while  the 
escaping  hydrogen  carries  with  it  a  small  portion  of  the  volatiliied 
metal,  and  taking  fire  firom  the  heat  evolved,  bums  with  a  beau- 
tiful rose- red  flame ;  the  metal  melts  and  swims  about  rapidly 
upon  the  water,  and  finally  disappears  with  an  explosive  burst  of 
steam,  as  the  globule  of  melted  potassic  hydrate  which  is  fanned 
during  its  oxidation  becomes  sufficiently  cool  to  come  into  ccm- 
tact  with  the  water.  Potassium  decomposes  nearly  all  gases  which 
contain  oxygen,  if  it  be  heated  in  contact  with  them ;  and  at  a 
high  temperature  it  will  remove  oxygen  from  almost  all  bodies 
into  the  composition  of  which  that  element  enters.  It  becomes 
necessary  therefore  to  preserve  the  metal  either  in  exhausted 
hermetically  sealed  glass  tubes,  or  under  the  sur&ce  of  some 
liquid,  like  naphtha,  which  does  not  contain  oxygen.  At  a  heat 
short  of  redness  potassium  absorbs  hydrogen  and  becomes  con* 
verted  into  a  greyish  mass  (HK^?) ;  but  if  more  strongly  heated, 
the  hydrogen  is  again  expelled.  Potassium  enters  into  direct 
combination  with  the  halogens  and  with  sulphur,  selenium,  and 
tellurium,  burning  vividly  when  heated  with  them.  It  likewise 
absorbs  carbonic  oxide  with  facility  when  heated  moderately  in 
it,  or  when  the  vapour  of  potassium  is  allowed  to  condense  slowly 
in  an  atmosphere  of  the  gas :  a  black  mass  is  thus  formed  £rom 
which  the  metal  cannot  be  recovered :  it  furnishes  potassic  rho- 
dizonate  when  treated  with  water,  and  occasions  considerable 
waste  in  the  ordiaary  method  of  preparing  potassium. 

(560)  Preparation. — i.  Davy  originally  obtained  potassium  by 
decomposing  a  firagment  of  caustic  potash  (which  had  become 
slightly  moistened  upon  its  surface  by  exposure  to  the  air  for  a  &w 
minutes)  by  the  current  of  a  voltaic  battery  of  200  or  250  pairs 
of  plates,  6  inches  (15  centim.)  square,  on  Wollaston's  constructioiL 
{PhiLlVans.  1808,  4).  The  dry  hydrate  is  an  insulator,  but  a 
trace  of  moisture  confers  upon  it  a  sufficient  degree  of  conducting 
power ;  under  such  circumstances  globules  of  metallic  potassium 
are  separated  at  the  negative  wire,  and  may  be  preserved  under 
naphtha.  They  bum  vividly  in  air,  leaving  an  intensely  alkaline 
residue.  This  method  of  procuring  the  metal,  however,  furnishes 
it  only  in  very  small  quantity,  and  is  difficult  and  expensive. 

2. — Gray-Lussac  and  Th^nard,  in  1808,  invented  a  method  by 
which  potassium  may  be  obtained  by  purely  chemical  means  in 
greater  abundance.  Iron  turnings  were  heated  to  whiteness  in 
a  ctirved  gu!n-barrel,  which  was  covered  with  a  day  lute^  to  pre* 
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«erve  it  from  the  action  of  the  air  at  a  high  temperature,  and 
melted  canstic  potash  was  allowed  to  pass  slowly  over  the  ignited 
iron ;  decomposition  ensued,  the  irou  combined  with  the  oxygen, 
and  potassium  along  with  hydrogen  passed  forwards,  the  potassium 
condensing  in  a  copper  receiver  which  was  kept  cool. 

3. — The  process  by  which  potassium  is  now  obtained  consists 
in  decomposing  its  carbonate  by  charcoal,  a  plan  originally  in- 
vented by  Curaudan,  and  improved  by  Brunner,  This  operation 
has  been  carefully  studied  by  Mareska  and  Donny  {Ann.  de  Clumie, 
III.  XXXV.  147).  In  order  to  ensure  a  successful  result,  attention 
to  a  number  of  minute  precautions  is  requisite.  The  material 
which  is  best  adapted  to  its  preparation  is  the  potassium  salt  of 
some  vegetable  acid,  which,  when  decomposed  by  heat  in  a  vessel 
firom  which  air  is  excluded,  leaves  a  laz^e  quantity  of  carbon. 

For  thu  pnrpoae  hjdropotMtio  tsrtf«ie  (orude  tsrtu)  i*  pcefemd.  About 
3  kilo*,  or  7  lb.  of  tbU  inbcbmce  is  placed  in  s  oapscioni  iron  crucible  fiinii«bed 
with  s  eorer,  and  ignited  till  it  ceaaea  to  emit  combtutible  vapour*.  A  poroni 
naM  ofpotanio  oarbonate,  intimatel;  miied  with  veiy  finelj  divided  caibon,  ia 
thus  obtained :  this  i«  rapidly  oooled  bj  moiatening  tlie  exterior  of  the  oruaibls 
with  cold  irater ;  the  chaired  maai,  when  cold,  ia  broken  ap  into  Inmpe  of  about 
the  aiie  of  a  hazel-nnt,  and  qoicklj  introduced  into  a  wrought  iron  retort.  Thia 
retort  ia  uanally  made  of  one  of  the  iron  bottlei  in  which  meronrj  ii  imported  t 
it  ia  introduced  into  a  famaos,  a,  as  shown  at  6,  fig.  3  3  7 ,  and  placed  horizontally 
npon  aapporta  of  fire-brick,//;  a  wrought-iron  tube,  d,  4^  inchei  (or  11  oand- 
metna)  long,  lervea  to  oonve;  the  Tapoun  of  potaiuinm  produced  during  thS 
diitillation  into  a  receiver,  e,  which  it  ii  found  most  idvantBgeooa  to  oonitruct 
of  the  form  ihown  on  an  enlarged  scale  in  fig.  338,     It  oonaiata  of  two  piece*  of 
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wrought  iron,  a,  b,  which  are  fitted  cloael j  to  each  other,  lo  aa  to  form  a  nhallow 
box  only  a  quarter  of  an  inch  (fi""'}  deep,  and  are  confined  in  their  place*  bj 
clamp  icrewi :  the  iron  plate  ihould  be  }  in.  (4"°*')  thick,  11  in.  (30™*')  long) 
and  5  inohei  (or  1 1'™')  wide ;  the  receiver  i*  open  at  both  eodji,  the  ucket  fitting 
upon  the  neok  of  the  iron  retort.  The  otgect  of  preparing  the  rcowver  of  this 
{articular  form  ia  to  enxure  the  rapid  cooling  of  the  potauium,  and  lo  to  with- 
draw it  from  the  action  of  the  carbonic  oxide  which  it  dUeogaged  during  tlw 
whob  proow*.     Before  this  leoMvsr  ia  eonneoted  with  the  tube,  rf,  tlia  fin  is 
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•lowly  railed  nntil  the  retort  attains  a  doll  red  beat ;  powdered  Titrified  bom  u 
then  sprinkled  over  its  exterior ;  the  borax  melts,  and  forms  a  coating  whidi  pi^ 
tects  the  metal  from  oxidation.  The  heat  is  then  nrged  until  it  beoomet  laj 
intense.  A  mixture  of  coke  and  charcoal  forms  a  fnel  well  adapted  to  this  plI^ 
pose :  care  should  be  taken  that  the  temperature  of  the  furnace  be  railed  it 
equally  throughout  every  part  as  possible.  When  a  full  reddish-white  is  •**«*"^. 
vapours  of  potassium  begin  to  appear,  and  bum  with  a  brilliant  flame :  the  re- 
ceiver is  now  adjusted  to  the  iron  neck  of  the  retort,  which  is  not  allowed  to  ytO' 
ject  more  than  a  quarter  of  an  inch  (d™*^*)  through  the  iron  plate  which  finmt 
part  of  the  front  wall,  e,  of  the  furnace,  lest  the  tube  should  become  obstracied  bj 
the  accumulation  of  solid  potassium.  Should  any  obstruction  occurs  it  most  be 
removed  by  thrusting  in  an  iron  rod ;  if  this  fails,  the  fire  must  be  immediatdj 
withdrawn ;  this  is  readily  effected  by  removing  the  fire  bars,  ^,  from  the  fur- 
nace, with  the  exception  of  two  which  support  the  retort ;  the  fuel  thoa  falls  into 
the  ashpit.  The  receiver  is  kept  cool  by  the  application  of  a  wet  cloth  upon  iti 
exterior.  When  the  operation  is  complete,  the  receiver  with  the  potaaainm  ii 
removed,  and  instantly  plunged  into  a  vessel  of  rectified  Persian  naphtha,  pro* 
vided  with  a  cover.  The  vessel  is  kept  cool  by  immersion  in  water.  When 
this  apparatus  is  su£5ciently  cold,  the  potassium  is  detached,  and  preaerred  wider 
naphtha. 

Ill  order  to  obtain  the  maximum  produce  of  potassium,  it  it 
necessary  that  the  mixture  of  potassic  carbonate  and  carbon 
should  contain  i  atom  of  the  carbonate  to  2  of  carbon,  or  138 
parts  of  the  carbonate  by  weight  to  24  of  carbon.  Upon  the 
application  of  heat  the  mixture  is  wholly  converted  into  car- 
bonic oxide  and  potassium;  KjC03+C2=Kg+3CO.  The  charge 
usually  yields  about  one-fourth  of  its  weight  of  crude  potassium, 
some  loss  during  the  process  being  inevitable.  Mareska  and 
Donny  found  this  loss  to  amount  to  about  one-third  of  the  entire 
quantity  of  the  metal  contained  in  the  charge. 

The  potassium  so  obtained  is  not  pure ;  it  is  necessary  to 
subject  it  to  a  second  distillation  in  an  iron  retort.  This  pre- 
caution is  essential;  for,  if  it  be  neglected,  a  black  detonating 
compound  is  speedily  formed  by  exposure  to  the  atmosphere,  and 
is  even  produced  spontaneously,  although  the  metal  be  kept  under 
naphtha;  this  substance  explodes  violently  upon  the  slightest 
friction.  The  purified  metal  amounts  to  about  two-thirds  of  the 
quantity  operated  on.  A  third  distillation  may  be  necessary,  if 
the  potassium  be  required  in  a  state  of  perfect  purity.  A  little 
impure  potassium  almost  always  remains  in  the  tube  attached  to 
the  retort ;  and  in  order  to  prevent  the  possibility  of  the  forma- 
tion of  the  detonating  compound  already  mentioned,  it  is  best  to 
detach  this  tube  as  soon  as  it  is  cold,  and  to  immerse  it  in  water. 

(561)  Oxides  of  Potassium. — Potassium  forms  three  well- 
estabUshcd  compounds  with  oxygen ;  a  basic  oxide,  which  consti- 
tutes potash,  and  famishes  the  salts  of  the  alkali ;  and  two  other 
oxides  which  do  not  form  corresponding  salts  with  acids.    A  blue 
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suboxide  appears  also  to  be  formed  upon  the  surface  of  the  metal 
doriug  its  gradual  oxidatiou  in  dry  air. 

K.  0. 

Potash       Kfi    =     94'a  or  82*97  +  17*03  =  100 

Deatoxide  of  potasdium  £,0,   =    110*2    „  7008  +  29*02  =  100 

Peroxide  of  potassium    K,0^  =    142*2    „  54*93  +  45*07  =  100. 

Peroxide  of  poiassium,  Dipotauio  ietroxide  (Kfi^  =  142*2 ;  Harcourt, 
Q,  J.  Chem,  Soc.  xiv.  267 )• — This  substance  is  formed  when  potassium  is  heated 
gently  in  a  current  of  dry  air ;  the  operation  must  be  completed  in  a  current  of 
dry  oxygen  gas :  if  formed  at  a  temperature  of  ^^6^  (280°  C),  it  slowly  cakes 
leather,  but  below  that  temperature  it  furnishes  a  powder  of  a  chrome-yellow 
ooionr.  It  absorbs  moisture  rapidly  when  exposed  to  the  air,  and  is  decomposed 
by  water  with  extrication  of  oxygen  and  formation  of  a  solution  of  the  oxide  (K,0^. 

(56a)  Dipotassic  oxide,  Potash  (^0^^^'2). — ^This  compound 
can  be  procured  in  an  anhydrous  form  by  oxidating  potassium  in 
thin  slices^  in  air  perfectly  free  from  moisture  and  carbonic  an- 
hydride ;  or  by  heating  potassium  with  an  equivalent  quantity  of 
the  hydrate,  when  hydrogen  is  expelled  and  pure  potash  is  formed, 
aKHO-f  K,=aKKO=Hj.  It  is  white,  very  deliquescent,  and 
caustic ;  when  moistened  with  water  it  becomes  incandescent :  after 
it  has  thus  become  hydrated,  no  degree  of  heat  is  sufficient  to  ex- 
pel the  water.  Anhydrous  potash  ftises  at  a  red  heat,  and  is  vo- 
latilized at  a  high  temperature.  For  most  purposes  the  presence 
of  water  is  immaterial,  potash  is  therefore  generally  procured  in 
the  state  of  hydrate,  in. which  form  it  may  be  obtained  without 
difficulty. 

Poiasric  hydrate,  or  Caustic  potash  (KHO=56'i ;  Sp.  Gr.  2'%; 
Comp.  in  loo  parts  K^O,  83*94 ;  H3O,  16*06)  is  prepared  by  dis- 
solving potassic  carbonate,  of  which  the  pearlash  of  commerce  is 
an  impure  variety,  in  10  or  12  times  its  weight  of  water,  and 
adding  to  the  boiling  solution  a  quantity  of  caustic  lime  equal  in 
weight  to  half  the  potassic  carbonate  used ;  the  lime  should  be 
slaked,  made  into  a  thin  paste  with  water,  and  added  in  small 
portions  at  a  time,  so  that  the  liquid  may  be  maintained  at  the 
boiling  point:  a  crystalline  calcic  carbonate  is  precipitated,  and 
potassic  hydrate  remains^  in  solution;  K^COj+CaH^Oj  giving 
aKilO+CaCOj.  After  decantation  from  the  precipitate,  the 
liquid  is  evaporated  rapidly  in  a  clean  iron  or  silver  basin,  till 
when  the  heat  is  raised  nearly  to  redness,  it  flows  without  ebul- 
lition, like  oil :  it  is  then  either  cast  into  cylinders  in  a  metallic 
mould,  or  is  poured  upon  a  cold  stone  slab,  and  solidifies  on  cool- 
ing. Caustic  potash  may  also  be  obtained  crystallized  in  acute 
rhombohedrons,  (KHOjizH^O),  firom  a  hot  concentrated  aqueous 
telution. 
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Caustic  potash  is  one  of  the  most  indispensable  reagents  to 
the  chemist.  It  ia  therefore  necessary  that  he  should  be  aUe 
readily  to  ascertain  its  purity,  and  if  needful  prepare  it  for  him- 
self:  when  required  pure,  hydropotassic  carbonate  (commonly 
known  as  bicarbonate,  KHCO^),  in  crystals,  may  be  decomposed 
in  the  manner  above  described,  by  means  of  lime  obtained  firom 
black  marble.  The  impurities  which  occur  most  firequently  in 
ordinary  caustic  potash  are  carbonates,  sulphates,  chlorides,  and 
silicates  of  calcium,  alununimi,  iron,  and  lead,  and  peroxide  of 
potassium.  If  pure,  it  is  perfectly  soluble  in  water  without  eflfer- 
vescence ;  a  diluted  solution  gives  no  precipitate  with  baryta* 
water,  showing  the  absence  of  carbonates  and  siQphates  :  it  yields 
no  precipitate  with  ammonic  oxalate,  showing  the  absence  of 
calcic  salts.  On  neutralizing  it  with  nitric  acid,  argentic  nitrate 
gives  no  precipitate,  showing  the  absence  of  chlorine.  Freedcnn 
from  iron  or  metallic  impurities  is  shown  by  the  absence  of  any 
precipitate  on  the  addition  of  hydro-ammonic  sulphide  (H^NHS). 
Caustic  potash,  when  pure,  is  wholly  soluble  in  alcohol,  the  im- 
purities above  mentioned  remaining  undissolved.  Common  potash 
is  therefore  often  purified  by  forming  a  solution  of  it  in  alcohol,  and 
boiling  down  to  dryness  in  a  silver  vessel,  tiU  it  flows  tranquilly; 
the  alcohol  is  thus  expelled,  the  melted  hydrate  is  poured  off  upon 
a  silver  plate  from  the  black  crust  which  forms  over  its  surface, 
and  when  cold  it  is  broken  up  and  placed  in  a  well-closed  bottle. 

A  dilute  solution  of  pure  potash  may  be  readily  obtained  by 
adding  a  hot  solution  of  baric  hydrate  to  a  solution  of  potaasic 
sulphate,  until  the  liquid  gives  no  further  precipitate  either  with  ba-^ 
ryta  or  with  potassic  sulphate;  K^O^+BaH30g=BaS04  +  2KHOt 

Potassic  hydrate,  after  fusion,  is  a  hard,  greyish-white  sub-^ 
stance :  it  absorbs  both  moisture  and  carbonic  anhydride  rapidly 
from  the  air ;  it  is  soluble  in  about  half  its  weight  of  water,  with 
the  extrication  of  considerable  heat ;  it  is  likewise  soluble  in  al- 
cohol to  an  almost  equal  extent.  Caustic  potash  has  a  pecuUar 
nauseous  odour,  and  an  acrid  taste ;  it  is  a  powerful  cautery,  and 
quickly  destroys  both  animal  and  vegetable  matters;  for  this 
reason  its  solution  cannot  be  filtered  except  through  pounded 
glass  or  sand,  and  is  always  best  clarified  by  allowing  the  impa* 
rities  to  subside,  and  then  decanting  the  clear  liquid.  The  solu- 
tion should  be  preserved  in  glass  bottles  into  the  composition  of 
which  no  oxide  of  lead  enters,  as  the  solution  gradually  dissolves 
this  oxide  out  of  the  glass.  It  also  attacks  vessels  even  of  green 
glass  and  of  porcelain  when  heated  in  them. 

The  following  table  gives  approximatively  the  proportion  of 
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anhydrous  potash  contained  in  ico  parts  by  weight  of  solutions  of 
the  alkali  of  various  densities : — 

Strength  of  Soluiions  of  Potash  [Dalton). 


Sp.gr. 

KaOinioo 
ptfU. 

Sp.gr. 

KaOinioo 
parts. 

i'6o 

467 

'3^ 

36-3 

V^2 

43*9 

33*4 

1*47 

39$ 

1*33 

19*5 

1-44 

.          368 

119 

16*3 

1-42 

►        34'4 

'•15 

i3'o 

i'39 

33-4 

I'll 

95 

rdf> 

29-4 

106 

47 

The  lAquor  Potass^  of  the  Pharmacopoeia  contains  nearly  6 
per  cent,  of  the  solid  hydrate,  and  has  a  sp.  gr.  of  1*058.  The 
concentrated  solution  used  for  organic  analysis  may  be  obtained 
by  dissolving  i  part  of  the  hydrate  in  3  parts  of  water. 

At  a  high  temperature  potassic  hydrate  is  wholly  volatilized ; 
consequently  the  water  cannot  be  expelled  from  this  hydrate  by 
the  mere  application  of  heat.  Its  chemical  attractions  are  so 
powerful  that  few  vessels  are  found  capable  of  resisting  its  action; 
those  which  contain  silica  are  decomposed  by  it,  and  platinum 
itself  is  oxidized  when  heated  in  contact  with  it :  gold  and  silver 
resist  it  better.  Caustic  potash  decomposes  the  fixed  oils,  and 
converts  them  into  soluble  soaps :  when  fused  with  siliceous 
minerals  it  displaces  the  bases,  and  combines  with  the  silica, 
forming  potassic  silicate.  Potassic  salts  are  extensively  employed 
in  the  arts :  to  the  soap-boiler  and  the  glass-maker  they  are  in- 
dispensable ;  the  nitrate  enters  largely  into  the  manufacture  of 
gunpowder ;  and  others  of  its  salts  in  greater  or  less  quantity  fur- 
nish important  aids  to  a  variety  of  processes  employed  in  the 
manufactures  of  the  country.  In  the  laboratory,  caustic  potash 
18  in  constant  use  for  absorbing  acid  gases,  such  as  carbonic  acid, 
and  for  separating  the  metallic  oxides  from  solutions  of  their  salts, 
since  owing  to  the  powerful  attraction  of  the  alkali  for  acids,  it 
readily  decomposes  the  salts  of  all  the  metals  which  produce  oxides 
insoluble  in  water.  Salts  of  potash  also  constitute  in  small  pro- 
portion, a  necessary  article  of  food ;  as  according  to  Liebig  the 
prolonged  withdrawal  of  these  compounds  is  the  cause  of  scurvy ; 
and  they  form  a  necessary  constituent  in  antiscorbutic  remedies. 

Compounds  of  potassium  are  present  in  small  proportion  in 
all  fertile  soils,  the  grand  reservoirs  of  this  alkali-metal  being  the 
different  varieties  of  clay,  which  contain  2  or  3  per  cent,  of  itj 
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derived  from  the  disintegration  of  felspar^  in  which  nlicate  it 
exists  in  the  proportion  of  from  jo  to  12  per  ceaL,  and  oertaiR 
kinds  of  mica^  which  yield  5  or  6  per  cent. :  besides  these  nume- 
rous other  silicates  contain  potash  in  small  proportion.  By  expo- 
sure to  the  air  and  atmospheric  vicissitudes^  these  rocks  become 
gradually  disintegrated ;  their  soluble  constituents^  potash  amongst 
the  number^  are  taken  up  by  the  water  which  falls  upon  the  earth's 
surface^  and  are  assimilated  by  the  plants  which  spring  firom  its 
bosom ;  they  accumulate  it^  especially  in  the  leaves^  young  shootSy 
and  succulent  parts*  Owing  to  this  circumstance  large  quitntities 
of  potash  may  be  obtained  with  facility :  dried  brushwood  is  in- 
cinerated^ and  the  remaining  ash^  which  seldom  constitutes  more 
than  I  per  cent,  of  the  dry  wood^  contains  the  potassium  in  the 
form  of  carbonate :  the  salt  is  extracted  by  water  from  the  in- 
soluble portions.  M.  Merle  now  extracts  considerable  quantities 
of  potassic  chloride  from  the  mother-liquors  of  sea-water  by 
a  modification  of  the  method  of  Balard  (p.  407).  Mueh 
potash  accumulates  as  an  organic  salt  in  the  fleece  of  the  dieep 
and  is  wasted.  Maumene  and  Bogelet  collected  this  potassic  nit 
by  simply  washing,  and  evaporating  the  wash  water.  A  fleece 
weighing  4  kilos.,  or  9  lb.,  contains  about  7  ounces  (200  grammes^ 
of  pure  potash^  of  which  they  consider  nearly  6  oe.  is  recoverable. 
A  good  deal  of  the  potash  which  is  carried  off  the  land  cultivated 
for  beet-root  is  now  recovered  by  suitable  treatment  of  the  waate 
after  the  sugar  has  been  extracted. 

Messrs.  Ward  and  Wynants  a  few  years  ago  contrived  a  method 
of  extracting  potash  from  felspar  in  the  form  of  carbonated  or  of 
caustic  alkali,  which^  if  commercially  successful^  will  materially 
alter  the  source  of  supply  of  this  alkali.  In  this  process  the  iel* 
spar  is  ground  to  a  fine  powder,  and  mixed  with  a  suitaUa 
quantity  of  chalk,  slaked  lime,  and  fluorspar.  The  materials  are 
firitted  in  a  fiimace,  at  a  heat  about  sufScient  to  fuse  silver^  the 
mixture  not  being  allowed  really  to  inelt.  The  chalk  during  ]g» 
nition  evolves  carbonic  anhydride ;  it  thus  mechanically  preserves 
the  porosity  of  the  mass,  and  facilitates  the  extraction  of  the 
soluble  products.  The  mass  obtained  is  then  lixiviated^  and  ren- 
dered caustic  by  the  addition  of  slaked  lime.  The  proportion  of 
lime  required  is  indicated  by  the  following  formulse,  supposing  the 
materials  to  be  employed  in  a  pure  state: — (K^03Si02,Alg033SiOJ 
-f  7jCaO  +  CaFj,. — {Hofmann's  Jury  Report^  1862,  p.  51.) 

(563)  Sulphides  op  Potassium. — Potassium  takes  fire  readily 
and  bums  with  brilliancy  when  heated  in  the  vapour  of  sulphur. 
It  combines  with  this  element  in  not  less  than  4  and  possibly  xa 
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5  diflTerent  proportions,  KgS  ?,  KgS^,  K5S3,  Kj,S^,  and  K^Sg.  Owiny 
to  this  circumstance,  the  reactions  which  occur  when  sulphur  is 
heated  with  caustic  or  carbonated  potash  are  somewhat  com* 
plicated;  but  they  are  now  well  understood,  and  may  be  traced 
without  difficulty. 

Dipotassic  sulphide,  or  Protosulphide  ofpotassium(K^S). — Some 
doubt  exists  as  to  the  possibility  of  forming  this  compound.  The 
usual  directions  are  to  heat  potassic  sulphate  in  a  current  of  dry 
hydrogen,  or  to  mix  the  sulphate  intimately  with  finely  powdered 
charcoal,  and  ignite  in  covered  vessels.  Bauer,  however  {Chem. 
Gaz,  1858,  468),  finds  that  the  residt  is  not  that  usually  repre-r 
sented  by  the  equation,  KjS04H-4H2=K5S-f4Hj|0,  but  that  a. 
mixture  of  free  alkali  and  a  variable  amount  of  one  of  the  higher 
sulphides  of  potassium  is  the  result.  The  residue  obtained  has  a 
reddish*yellow  colour;  it  is  deliquescent,  and  acts  powerfully 
upon  the  skin  as  a  caustic.  When  a  current  of  sulphuretted 
hydrogen  is  transmitted  through  a  solution  of  caustic  potash  it 
is  rapidly  absorbed ;  and  if  the  gas  be  allowed  to  pass  till  the. 
liquid  is  completely  saturated,  the  compound  KHS  will  be  ob« 
tained  in  solution.  This  solution  is  colourless  when  first  pre- 
pared, but  if  exposed  to  the  air  it  quickly  absorbs  oxygen,  and 
acquires  a  yellow  colour,  owing  to  the  formation  of  the  sulphide 
KjjS,;  4KHS  +  Oj,=2K2S3  +  2H20.  It  is  usually  stated,  and  pro- 
bably  with  truth,  that  if  a  solution  of  potash  be  divided  into  two 
equal  portions  and  one  be  converted  into  the  hydropotassic  sid« 
phide  (KHS),  and  be  then  mixed  with  the  other  half  of  the 
Solution  of  potash,  a  solution  of  pure  dipotassic  sulphide  will  be 
obtained,  KilS  +  KHO  becoming  K^S  +  H^O.  It  is  possible^ 
however,  that  this  is  not  so ;  but  that  both  the  caustic  and 
potash  and  the  double  sulphide  remain  unaltered  in  the  liquid. 
On  the  addition  of  a  stronger  acid  sulphuretted  hydrogen  is  given 
dfi^  abundantly,  and  this  woidd  occur  whichever  view  were  correct, 
no  sulphur  being  deposited;  for  K^S  +  H^SO^^HgS  +  KgSO^  and 
KHS  +  KHO  +  H,SO^=  H,S  +  H,0  +  K^SO^. 

If  potassie  sulphate  be  mixed  in  fine  powder  with  half  iU  weight  of  lamp* 
black,  and  heated  in  a  covered  crucible,  the  sulphate  is  reduced  to  the  sulphidd 
(K^),  which  remains  in  a  finely  divided  state  mixed  with  the  excess  of  charcoal, 
and  yields  a  pyrophonu,  or  compound  which  takes  fire  spontaneously  in  the  air, 
owing  to  the  heat  emitted  by  its  rapid  absorption  of  oxygen. 

The  DUulpkide,  or  Dipotassic  disulpkide  (K,S,)  may  be  formed  by  ex* 
posing  an  alcoholic  solution  of  KHS  to  the  air  till  it  begins  to  become  turbid,  and 
evaporating  to  dryness  in  vacuo.    It  fuses  easily,  and  is  of  an  orange  colour. 

The  Sesquisulphide  {tersulphide  formerly)  (K^S,)  is  obtained  pure  by  pass- 
ing the  vapour  of  carbonic  disulphide  over  ignited  potassic  carbonate  so  long  aS 
any  gas  makes  its  escape :  carbonic  anhydride  and  carbonic  oxide  are  prodaced^ 
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at    followg:    2K,C0,  +  3CS,  =  2K,8,  +  4CO  4- CO^     In  tlM  old  praoiis  of 

in*king  liver  cfAUpkur,  69  porti  of  dry  pearlash  are  fuaed  with  40  paiti  of 
Bolphar;  the  resultiBg  jellowiih-hrown  mass  oonsistB  of  3  atoma  of  aeeqiu* 
aolphide  and  i  atom  of  potaasio  anlphate :  part  of  the  carhonate  in  thia  cms 
]aelda  oxygen  to  one  portion  of  the  anlphnr,  and  forms  sulpharic  and,  m  shown 
in  the  annexed  equation :  4K,C0,  +  58,  =  K,SO^  +  3K,8,  +  4C0^ 

A  dipotatiie  tetrandphide  (K,S^  or  E,8S,)  oorreaponding  to  the  solphiti 
(K,SO,)  may  he  formed  hy  redndng  potassio  sulphate  by  the  vapour  of  carhonie 
diaulphide. 

Dipotiune  petUaiulphide,  or  persulpktde  (^,8,  or  X^J  oorxesponding 
to  the  sulphate  (K,SOJ  is  formed  by  boiling  a  solution  of  any  of  tlie  preeeding 
sulphides  with  excess  of  sulphur  till  saturated  :  or  by  fusing  any  of  iha  dry  sol* 
phides  with  an  excess  of  sulphur ;  the  excess  of  sulphur  separates  and  floata  abote 
the  sulphide,  which  has  a  dark  liver^brown  colour ;  it  is  deliquescent,  and  firms 
a  deep  yellow  solution  in  water. 

All  these  sulphides  have  an  alkaline  reaction  to  teat-paper, 
and  an  odour  of  sulphuretted  hydrogen  more  or  less  distinct.  On 
the  addition  of  a  stronger  acid  they  are  decomposed  with  extri- 
cation of  siQphuretted  hydrogen^  attended^  in  the  case  of  all  bat 
the  lowest  sulphide,  by  the  precipitation  of  white,  finely  divided 
siQphur.  On  adding  the  persulphide  to  an  excess  of  hydrochloric 
acid  of  sp.  gr.  about  1*^1,  the  persulphide  of  hydrogen  (439)  is 
separated  as  an  oily  liquid.  By  exposing  solutions  of  the  higher 
sulphides  to  air,  they  become  colourless,  potassic  hyposulphite  is 
formed,  and  the  excess  of  sulphur  is  separated.  When  a  sola* 
tion  of  caustic  potash  is  boiled  with  sulphur,  a  decomposition 
ensues  similar  to  that  which  occurs  when  potassic  hydrate  and 
sulphur  are  fused  together;  a  deep  reddish-yellow  liquid  is 
formed,  which  contains  the  hyposulphite,  and  one  of  the  higher 
sulphides  of  the  metal;  6  atoms  of  caustic  potash  and  la  of 
sulphur  would  thus  furnish  i  atom  of  hyposulphite  and  2  of  per- 
sulphide of  potassium ;  6KHO+6S2=K3S3Hs,04+  aKJ&^+aRfi. 
(564)  Potassic  Chloride,  or  Chloride  of  potassium  (KCl 
a=74-6) ;  Sp.Gr.  1*994:  Comp.  in  100 parts ;  K,  52*35 ;  Cl,47'65. — 
This  salt  is  extracted  in  considerable  quantity  from  kelp,  the  ashes  of 
burnt  sea-weed,  and  is  used  largely  as  a  source  of  the  potassic  salt 
required  in  the  manufacture  of  alum.  It  may  be  prepared  pure  by 
directly  neutralizing  either  the  acid  or  the  normal  potassic  car- 
bonate with  hydrochloric  acid,  and  evaporating.  It  crystallizes 
in  cubes,  and  is  very  readily  soluble  in  cold  water,  which  takes 
up  about  a  third  of  its  weight,  attended  with  great  depression  of 
temperature.  It  is  remarkable  that  this  salt  possesses  the  pro- 
perty of  absorbing  the  vapours  of  sulphuric  anhydride,  forming  a 
hard  translucent  mass  (KC1,S03),  which  is  instantly  decomposed 
by  water.  With  chromic  acid  it  forms  a  corresponding  compound 
(KCl,CrO^,  which  ia  also  decomposed  by  water :  it  is  obtained  in 
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needles  when  a  solution  of  potassic  dichromate  in  bydrochloric 
add  is  allowed  to  crystallize. 

According  to  Bunsen,  a  blue  subchloride  of  potassium  also 
exists. 

A  native  compound  of  chloride  of  potassium  and  magnesium 
has  recently  been  discovered  in  a  bed  of  clay  in  the  neighbour- 
hood of  Stassfort,  near  Magdeburg^  where  it  is  immediately  above 
a  bed  of  rock-salt  loo  feet  or  30  metres  in  thickness.  This  is  pre- 
cisely the  position  which  it  would  occupy,  supposing  the  deposit 
to  have  been  formed  by  the  gradual  drying  up  of  an  inland  sea, 
where  the  common  salt  would  crystallize  out  first,  and  the  salts  of 
magnesium  and  potassium  afterwards.  This  bed  of  clay  contains 
the  sulphates  and  chlorides  of  potassium,  of  sodium,  and  of  mag- 
nesium, and  the  upper  part  of  the  deposit  consists  chiefly  of  a 
hydrated  double  chloride  of  magnesium  end  potassium,  (KCl, 
^gp\^6Kfi),  which  has  received  the  name  of  camallite,  from  its 
pink  colour,  resembling  rock-salt  in  appearance,  but  with  a  more 
pearly  lustre,  and  extremely  deliquescent.  It  is  now  extensively 
worked  for  the  sake  of  the  potassic  chloride,  which  amounts  to 
nearly  one-fourth  of  its  weight. 

(565)  Potassic  bromide,  or  Bromide  of  potassium  (KBr=  i  I9'i); 
Sp.  Gr.  2*672;  Comp.  in  100  parts,  K,  32*83;  Br,  6y'iy. — ^This 
is  a  very  soluble  salt,  which  crystallizes  in  cubes.  It  may  be 
obtained  by  adding  bromine  to  a  solution  of  caustic  potash  until 
the  liquid  acquires  a  slight  permanent  yellow  colour:  potassic 
bromide  and  broroate  are  formed.  Lowig  dissolves  the  mixed 
salts  in  water,  decomposes  the  bromate  by  a  current  of  sulphu- 
retted hydrogen,  warms  gently  to  expel  the  excess  of  the  gas, 
filters  from  the  deposited  sulphur,  and  evaporates  till  the  solution 
crystallizes;  aKBrOj-f 6H,S  =  2KBr  +  6Hj,0+3Sy 

(566)  Potassic  Iodide,  or  Iodide  of  potassium  (KI=i66'i); 
Sp,  Gr,  3*056;  Comp.  in  100  parts,  I,  76*44;  K,  23*56. — ^This 
valuable  mcxlicine  may  be  procured  in  several  ways.  A  simple 
method  consists  in  adding  iodine  to  a  solution  of  caustic  potash 
gently  warmed,  until  the  solution  begins  to  assume  a  brown  tint. 
Iodide  and  iodate  of  potassium  are  formed;   3l2  +  6KHO=5KI 

+  KIO,  +  3HgO.  By  gentle  ignition  of  the  residue  obtained  on 
evaporation,  the  iodate  is  decomposed,  and  the  remaining  iodide 
fuses.  The  salt  must  not  be  strongly  heated,  as  potassic  iodide 
is  volatilized  by  a  red  heat.  A  better  plan  is  to  digest  2  parts  of 
iodine  and  i  part  of  iron,  in  a  stoppered  vessel,  with  10  parts  of 
water,  the  iron  being  purposely  added  in  excess;  under  these 
circumstances  fisrrous  iodide  ia  formed  by  the  direct  union  of  the 

If.  c  c 
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metal  with  tlie  iodine :  the  solution  is  decanted^  and  a  quantitj 
of  iodine  equal  to  one-third  of  that  which  it  alreadv  coatainB  it 
added.  The  liquid  is  then  boiled^  and  a  solution  of  potassic  csr- 
bonate  is  added  in  small  quantities  so  long  as  efferveseenoe  ii 
produced  and  a  precipitate  occurs;  Feg  +  4lg+4Kj|CO,=8KI 
+  Fe,0^+4C02;  the  solution  is  next  filtered  from  the  dense 
magnetic  oxide  of  iron^  and  on  evaporation  it  yields  crystals  of 
potassic  iodide. 

Potassic  iodide  crystallizes  in  anhydrous  cubes>  which  in  a 
dry  air  are  not  deliquescent.  It  is  very  soluble  in  water^  and  to 
a  smaller  extent  in  alcohol ;  it  has  a  coolings  bitterish  taste.  Its 
solution  has  the  property  of  dissolving  an  additional  equivalent  of 
iodine^  with  which  it  forms  a  deep  brown  liquid. 

Potassic  iodide^  if  pure^  should  be  completely  soluble  in  six 
times  its  weight  of  alcohol  (sp.  gr.  0*83) ;  it  should  not  efiiBr- 
vesce  when  moistened  with  hydrochloric  acid  (carbonate  would 
be  indicated  by  efiervescence)^  and  it  should  not  turn  brown  by 
the  action  of  the  acid ;  if  potassic  iodate  were  mixed  with  it,  free 
iodine  would  be  shown  by  the  brown  colour  developed  on  adding 
the  acid.  If  the  solution  of  the  iodide  be  mixed  with  strong 
nitric  acid  an  immediate  separation  of  iodine  occurs ;  2KI+4HNO1 
=  2KNO3 + 2Hj|0  +  2NO2  +  Ij.  A  mixture  of  potassic  dichromate 
and  sulphuric  acid  gives  a  similar  result ;  K,Cr20^+7HgSO^+6KI 
= Crj3S0, + 4K3SO, + 7H,0  +  3I,. 

(567)  Potassic  fluoride,  or  Fluoride  qf  potcunum  (KF  =  58*1  ;  S^ 
Or.  2*454)  is  a  very  deliquescent  salt  obtained  by  neutralizing  hydroflaorie  add 
with  a  solution  of  caustic  potash.  Its  solution  has  an  alkaline  reaction  and  oor^ 
zodes  glass. 

(568)  Potassic  Silicofluobide  (2EF,SiF^  =  220-3).— This  salt  is  one  of 
the  most  insoluble  compounds  of  potassium ;  it  falls  as  a  transparent  g^eUtinous 
precipitate  whenever  hydrosilicofluoric  acid  is  added  to  a  salt  of  potassium ;  it  dries 
to  a  white  earthy-looking  powder.  Advantage  is  occasionally  taken  of  its  inaoln- 
bility  to  separate  potassium  from  some  of  its  salts  :  in  this  way  chloric  add  is 
sometimes  prepared  from  potassic  chlorate. 

(569)  Potassic  Sulphate,  or  SulpJiate  of  potasrium  (KjSO^ 
=  174-3) ;  Sp.  Gr.  2*64;  Comp.  in  100  parts,  Kfi,  540a;  SO^ 
45*98. — ^This  salt  crystallizes  either  in  anhydrous  six-sided  prisms^ 
terminating  in  six-sided  pyramids,  or  in  four-sided  oblique 
rhombic  prisms;  it  requires  about  16  parts  of  cold  water  tat 
solution.  The  crystals  decrepitate  strongly  when  heated.  Potassic 
sulphate  forms  a  series  of  double  salts  with  sulphates  of  the  metak 
isomorphous  with  magnesium,  and  another  class  of  salts  (the 
varieties  of  alum)  with  the  sulphates  of  the  metals  isomorphous 
with  aluminum.  Jacquelain  finds  that  if  normal  potassic  sulphate 
be  dissolved  in  nitric  acid,  a  little  nitre  and  hydro-potassic  sul- 


ACID  SULPHATE^  AND  NITRATE  OF  POTASSIUM.  387 

pbate  (KHSOJ  are  fonned^  whilst  a  salt  consisting  of  (HNO^, 
K^SOJ  crystallizes  in  obliqne  prisms.  An  analogous  compound 
may  be  formed  with  phosphoric  acid  (HjPO^K^SOJ.* 

Hydropotassic  Sulphate^  Acid  sulphate,  or  BistUphate  of 
potassium:  (KHS04=i36"i)  ;  Sp.  Gr,  2*475. — '^^^  salt  is  formed 
on  a  large  scale  as  a  residuary  product  in  the  preparation  of 
nitric  acid  from  potassic  nitrate.  It  crystallizes  from  a  strongly 
acid  solution  in  rhomboidal  tables^  which  fuse  at  a  heat  below 
redness^  and  by  prolonged  ignition  lose  half  their  acid ;  they  are 
very  soluble  in  water  and  have  a  sour  bitterish  taste.  If  redis- 
solved  in  water^  the  normal  sulphate  crystallizes  firsts  and  after- 
wards^ when  the  liquid  has  become  strongly  acid^  the  bisulphate 
is  deposited.  This  salt  is  sometimes  used  as  a  flux  in  cases  where 
the  action  of  an  acid  is  required  at  a  high  temperature  upon  salts 
or  metallic  oxides  with  which  it  may  be  fused.  The  bisulphate 
occasionally  crystallizes  in  anhydrous  needles,  K^SO^SOj. 

(570)  Potassic  Nitrate^  or  Nitrate  of  potassium  (KNO3, 
=  ioi"i);  8p.  Gr.  2*070;  Comp.  in  100  parts,  K^O,  46*54; 
NjOg,  53"46. — Saltpetre,  or  Nitre  as  this  salt  is  frequently  termed^ 
is  one  of  the  most  important  and  valuable  salts  of  potassium. 
The  principal  supply  of  nitre  is  derived  from  various  districts  in 
the  East  Indies^  where  it  occurs  sometimes  as  an  efflorescence 
upon  the  soil^  at  other  times  disseminated  through  the  superficial 
stratum  itself.  It  appears  to  be  formed  in  the  moist  portions  of 
the  soil^  at  some  little  distance  below  the  surface^  towards  which 
it  is  raised  by  capillary  action.  The  nitre  is  obtained  by  lixiviating 
the  8oil>  and  allowing  the  solution  to  crystallize.  The  earth 
which  furnishes  it  consists  principally  of  loose  porous  calcic  car- 
bonate^ mixed  with  decomposingfelspar^and  it  always  contains  more 
or  less  of  organic  matters.  In  temperate  climates^  either  nitrites 
or  nitrates  are  almost  alwavs  found  in  the  shallow  well-waters  of 
towns^  owing  to  the  oxidation  of  nitrogen  contained  in  the 
animal  aibris  during  their  infiltration  through  the  soil.  Notwith- 
standing the  nimierous  investigations  of  which  it  has  been  the 
subject^  including  in  later  times  those  of  J.  Davy^  of  Kuhlmann^ 
of  Schonbein^  and  others^  the  process  of  nitrification  is  still 
very  imperfectly  understood.  The  artificial  formation  of  nitre 
has,  however^  been  practised  with  considerable  success  in  various 
countries  of  Europe^  which  famish  annually  a  large  amount  of 
the  salt.  In  Sweden  this  supply  of  nitre  is  considered  of  such 
importance  that  each  landed  proprietor  is  obliged  to  pay  a 
certain  tax  in  raw  nitre^  the  quantity  required  being  proportioned 
to  the  value  of  the  estate. 

c  c  2 
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Where  animal  matters  are  present  in  abundance,  the  fonna* 
tion  of  nitric  acid  is  chiefly  due  to  the  gradual  oxidation  of  am* 
monia  developed  in  the  process  of  putrefaction.  The  free  aeoesi 
of  air  and  the  presence  of  a  certain  amount  of  moisture  is  neees- 
sarjr ;  the  oxidation  is  also  materiallj  favoured  by  an  exoe» 
of  an  alkaline  or  earthy  carbonate^  or  of  some  basic  substance 
which  can  combine  with  the  acid  at  the  moment  of  its  generatioD. 
Ozone  appears  to  have  the  power  of  combining  directly  with 
nitrogen ;  it  may  possibly^  as  Schonbein  conjectures,  be  conoenied 
in  the  natural  jnroduction  of  nitric  acid,  and  indeed  it  is  not 
improbable  that  nitrification  is,  in  favourable  cases,  due  to  the 
slow  combination  of  atmospheric  nitrogen  and  oxygen.  The 
process  of  nitrification  becomes  arrested  if  the  temperature  be 
allowed  to  fall  much  below  59°  (15°  C). 

Nitre  Plantations. — ^The  method  adopted  for  the  artificial  pro- 
duction of  nitre  consists  in  placing  animal  matters^  mingled  wiA 
ashes  and  lime  rubbishy  in  loosely  aggregated  heaps,  exposed  to 
the  air,  but  sheltered  from  rain.  These  heaps  are  watered  from 
time  to  time  with  urine  or  stable  runnings,  the  heap  being  kept 
damp,  but  not  wet ;  at  suitable  intervals  the  earth  is  lixiviatedi 
and  the  salt  crystallized.  Three  years  usually  elapse  before  the 
nitre  bed  is  washed :  after  this  interval  a  cubic  foot  of  the  d&rii 
should  yield  between  4  and  5  ounces  of  nitre,  or  a  cubic  metre, 
about  4  kilos.  As  there  is  always  a  considerable  quantity  of 
calcic  and  magnesic  nitrates  present,  which  will  not  crystallize, 
potassic  carbonate,  in  the  shape  of  wood  ashes,  is  added  so  long 
as  any  precipitate  occurs.  By  this  means  the  calcic  nitrate  is 
decomposed,  and  the  insoluble  calcic  carbonate  separated ;  KfiO^ 
+  Ca2N08=CaC03  +  aKN03.  The  clear  liquor  is  then  eva- 
porated and  crystallized.  It  is  found  by  the  saltpetre-boiler 
that  the  earth  in  which  nitre  has  once  been  formed  furnishes 
fresh  nitre  more  readily  than  on  the  first  occasion.  Care  is 
taken  that  the  nitre  plantations,  as  they  are  termed,  shall  rest 
upon  an  impervious  flooring  of  clay,  so  that  the  liquid  which 
drains  away  from  them  may  be  collected  and  preserved. 

In  Prussia,  by  a  more  methodical  treatment,  a  cubic  metre  of 
the  earth  yields  about  20  kilos,  of  nitre.  The  heaps  are  so  oon- 
structed  as  to  form  a  terrace  of  steps,  exposing  the  back  in  the 
form  of  an  upright  w^ll  to  the  prevailing  wind  ;  the  watering  is 
thus  facilitated,  while  the  evaporation  proceeds  with  rapidity  upon 
the  exposed  side,  where,  from  capillary  action,  the  nitre  chiefly 
accumulates :  from  time  to  time  a  layer  of  earth  is  removed  from 
this  wall  for  lixiviation,  and  the  washed  earth,  mixed  with  a  fresh 
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portion  of  animal  matter^  is  returned  systematically  to  tlie  other 
side  of  the  heap.  The  washing  of  the  earth  charged  with  salt- 
petre is  conducted  in  a  systematic  manner  (589)^  so  as  to  avoid 
using  a  larger  quantity  of  water  than  is  actually  needed  to  dis- 
solve the  saltpetre. 

Besides  the  natural  and  artificial  sources  of  nitre  just  de- 
scribed^ this  salt  occurs  also  in  solution  in  the  sap  of  certain  plants^ 
among  which  the  sunflower^  the  tobacco  plants  and  common  borage 
may  be  enumerated. 

Properties. — ^Nitre  usually  crystallizes  in  long  six-sided  striated 
prisms^  terminated  by  dihedral  simmiits;  but  it  is  a  dimorphous 
salt^  and  is  occasionally  obtained  by  spontaneous  evaporation  of 
small  drops  of  its  solution  in  microscopic  rhombohedra^  isomor- 
phous  with  those  of  sodic  nitrate :  it  is  soluble  in  3^  times  its 
weight  of  cold  water,  and  in  about  a  third  of  its  weight  of  boiling 
water;  it  is  insoluble  in  alcohol:  its  taste  is  cooling  and  saline. 
If  paper  be  dipped  in  a  solution  of  nitre  and  dried,  it  forms  what 
is  well  known  as  touch-paper,  which,  when  once  kindled,  steadily 
smoulders  away  till  consumed,  and  hence  it  ia  largely  employed  in 
firing  trains  of  powder,  fireworks,  &c.  Nitre  fuses  easily  without 
decomposition  at  a  temperature  of  642^' 2  (539^  C),  and  when  cast 
into  moulds,  solidifies  to  a  white,  fibrous,  translucent,  radiated 
mass,  known  as  sal  prunelle.  When  heated  to  redness,  part  of 
its  oxygen  is  expelled,  and  a  deliquescent  mass  of  potassic  nitrite 
is  formed.  By  a  still  stronger  heat  the  nitrite  is  decomposed, 
nitrogen  mixed  with  oxygen  escapes,  and  a  mixture  of  potash  and 
potassic  peroxide  remains. 

Owing  to  the  facility  with  which  nitre  parts  with  oxygen,  it 
is  a  powerful  oxidating  agent,  and  is  in  frequent  demand  in  the 
laboratory  for  this  purpose :  when  thrown  upon  glowing  coals  it 
produces  a  brisk  scintillation.  K  nitre  be  intimately  mixed  with 
any  metallic  sulphide  in  fine  powder,  such  as  antimonious  sulphide, 
and  thrown,  in  small  quantities  at  a  time,  into  a  red-hot  crucible, 
the  sulphur  bums  with  a  brisk  deflagratianj  or  rapid  combustion, 
at  the  expense  of  the  oxygen  of  the  nitre,  and  with  a  portion  of 
its  potassium,  forms  potassic  sulphate,  whilst  the  metal  at  the 
same  time  becomes  oxidized  to  the  maximimi.  In  the  case  of 
antimony,  the  oxide  produced  possesses  acid  characters,  and  it  also 
enters  into  combination  with  the  potassium.  Baume's  quick  flux 
consists  of  a  mixture  of  3  parts  of  nitre,  i  part  of  sulphur,  and 
I  of  sawdust;  the  heat  given  out  during  its  combustion  is  so 
great,  that  if  a  small  silver  coin  be  put  into  a  mass  of  the 
mixture  which  will  go  into  a  walnut  shell,  and  it  be  kindled,  the 
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coin  will  be  melted.  Advantage  is  frequently  taken  of  Ae 
oxidizing  action  of  nitre  in  order  to  convert  small  qnantitiei  of 
sulphur  in  bodies  of  organic  origin  into  sulphuric  acid,  for  tk 
purpose  of  estimating  the  proportion  of  sulphur  which  ihej  con- 
tain. The  quantity  of  sulphuric  acid  thus  produced,  admits  of 
easy  and  accurate  determination  in  the  form  of  baric  sulphate. 

(571)  Refining  qf  Saltpetre, — The  impurities  of  most  freqaent  oooumon 
in  nitre  are  potassio  and  sodic  solphates  and  chlorides,  and  ealcio  and  mignwie 
nitrates :  after  it  has  been  fused,  imless  the  heat  has  been  cautiously  r^pilatod,  a 
little  potassic  nitrite  is  liable  to  be  formed  :  in  the  latter  case  a  firagment  of  the 
salt,  when  moistened  with  solution  of  cuprio  sulphate,  becomes  of  a  bright  gnea 
colour.  Nitre  may  be  quickly  deprired  of  chlorine  by  moisteniog  the  powdend 
salt  with  pure  nitric  acid  and  gently  heating  it,  until  a  portion  of  it,  when  dissolTad 
in  water,  gives  no  precipitate  with  argentic  nitrate.  Nitre,  when  pure,  is  not 
deliquescent,  and  its  solution  gives  no  precipitate  with  solutions  of  baric  ehkride^ 
of  argentic  nitrate,  or  of  potassic  carbonate. 

In  the  refining  of  nitre,  advantage  is  taken  of  the  oireumstanoe  that  whilst 
the  solubility  of  nitre  increases  rapidly  as  the  temperature  rises,  that  of  todie 
chloride  is  scarcely  affected  by  it.  It  was  formerly  the  practice  to  purify  the  sslt 
by  three  successive  crjrstallizations ;  but  the  same  object  is  now  effected  by  a  aingfe 
operation,  in  the  following  manner : — In  a  deep  copper  boiler,  600  litres,  or  aboot 
100  gallons,  of  water  is  placed,  and  twice  its  weight  of  crude  nitre  is  added:  this 
salt  gradually  becomes  dissolved,  and  fresh  nitre  is  added,  until,  when  the  water 
has  attained  the  boiling-point,  a  quantity  of  nitre  has  been  added  equal  to  three 
times  the  weight  of  the  water  employed  ;*  when  the  liquid  has  been  rendered 
clear  by  a  few  minutes'  ebullition,  it  is  strained  through  bag  filters,  and  allowed 
to  run  into  the  crystallizing  pan. 

The  crystallization  is  effected  in  a  shallow  vessel,  the  bottom  of  which  is  formed 
by  two  inclined  planes  which  meet  in  the  middle.  In  this  vessel  the  aolution  b 
kept  in  continual  agitation,  in  order  to  prevent  the  formation  of  large  crystals: 
such  crystals  would  mechanically  retain  the  mother-liquor,  from  which  they  oould 
not  be  subsequently  freed  without  recrystallization.  The  sodic  chloride,  being 
nearly  as  soluble  in  cold  water  as  in  hot,  remains  almost  entirely  in  the  aolutioo* 
whilst  the  saltpetre  is  deposited  in  extremely  small  crystals,  technically  termed 
saltpetre  flour  ;  these  are  allowed  to  drain,  and  are  then  removed  to  tanks  pro- 
vided with  false  perforated  bottoms,  where  they  are  deprived  of  the  mothflr>liquor 
with  which  they  are  saturated.  For  this  purpose,  the  tanks  are  completely  filled 
with  the  crystals,  and  upon  them  is  poured  a  solution  of  saltpetre  saturated  in  the 
cold ;  this  liquid  dissolves  the  chlorides,  but  leaves  the  pure  nitre  undiaaolved. 


*  The  quantity  of  sodic  chloride  in  grough  or  crude  East  Indian  nitie  is 
generally  small ;  but  in  the  artificial  nitre  obtained  from  the  '  beds*  it  often  riaes 
to  a  large  amount :  in  such  a  case  the  liquid  is  skimmed  from  time  to  time,  and 
the  sodic  chloride,  a  large  proportion  of  which  remains  undissolved,  is  removed 
by  means  of  perforated  ladles ;  as  soon  as  nitre  equal  to  about  ^  times  the  weight 
of  the  water  has  been  added,  the  solution  is  diluted  with  two-thirds  the  quantity 
of  water  at  first  employed,  after  which,  if  the  liquid  be  strongly  coloured,  i  kilo- 
gramme (about  2\  lbs.)  of  glue,  dissolved  in  hot  water,  is  added,  and  thoroughly 
incorporated  by  briskly  stirring ;  the  coagulum  which  is  formed  rises  in  a  aoum 
to  the  surface,  collecting  the  greater  part  of  the  organic  impurities  derived  from 
the  nitre  heap ;  this  is  carefully  removed,  and  the  operation  is  afterwards  oontinuad 
as  above  described. 
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In  the  coarse  of  a  few  hotin,  the  liquid  is  drawn  off,  and  the  tanks  are  then  filled 
ap  with  pure  water;  thia  becomes  charged  with  nitre  containing  traces  of 
chlorides,  whilst  the  undissolved  salt  is  almost  chemically  pure :  the  solution  of 
nitre  thus  obtained  serres  to  wash  a  fresh  portion  of  the  crystals ;  the  refined 
saltpetre  is  then  dried,  and  is  fit  for  use. 

(57a)  Gunpowder. — ^The  principal  coiUBimiptioii  of  nitre  is  in 
tlie  manufacture  of  gunpowder^  which  consists  of  an  intimate 
mechanical  mixture  of  nitre^  sulphur^  and  charcoal,  in  pro- 
portions approaching  to  i  atom  of  sulphur,  2  of  nitre,  and  3  of 
charcoal : — 

Iniooptfta. 

Nitre 

Sulphur 

Charcoal    ... 


213^0, 

= 

202 

•  •• 

74-8 

S 

s= 

3a 

•  •• 

11*9 

30 

= 

36 

•  •• 

13*3 

270 


lOO'O 


The  proportions  used  vary  a  little  in  different  countries,  as  will 
be  seen  £rom  the  following  table : — 

Composition  of  Gunpowder  in  100  parts. 


Nitre     ... 
Sulphur  ... 
Charcoal... 

AustrUa. 

PrnatUoi. 

Bwediah. 

Chinete. 

Frcoeb. 

75 
10 

^5 

750 
"•5 
13-5 

75 
.1 

757 

9'9 

14*4 

76-0 

"•5 
"•5 

760 
96 

13-5 

62 

ao 

18 

Miuket. 

Miuket. 

Mosket. 

Moaket. 

Sporting. 

BUrting. 

An  excess  of  sulphur  is  carefully  avoided,  on  account  of  its 
injurious  action  upon  the  metal  of  the  gun.  The  great  explosive 
power  of  gunpowder  is  due  to  the  sudden  development  of  a  large 
volume  of  gaseous  bodies,  consisting  chiefly  of  nitrogen  and 
carbonic  anhydride,  which,  at  the  ordinary  temperature  of  the  air, 
would  occupy  a  space  equal  to  about  300  times  the  bulk  of  the 
powder  used ;  but  from  the  intense  heat  developed  at  the  moment 
of  the  explosion,  the  dilatation  amounts  to  at  least  1500  times 
the  volume  of  the  gunpowder  employed.  Supposing  the  mixture 
to  be  made  in  the  proportion  of  i  atom  of  sulphur,  2  atoms  of 
nitre,  and  3  of  carbon,  the  reaction  is  often  approximatively  re- 
presented thus : — 

S, + 6C + 4KNO, = 600, + aNj,  +  aK^S. 

Hie  actual  results,  however,  cannot  readily  be  represented  by 
any  simple  formula,  and  the  sohd  residue,  instead  of  consisting 
chiefly  of  potassic  disulphidci  contains  but  a  small  quantity  of 
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this  substance^  whilst  potassic  sulphate  and  carbonate  are  fimni 
in  abundance :  they  become  volatilized  by  the  heat  of  the  explo- 
sion^ and  constitute  the  white  smoke  observed  when  gunpowder 
is  fired.* 

Much  care  is  requisite  in  the  selection  of  the  materials  for  the  inmnfaitoi 
of  ganpowder.  The  charcoal  must  he  humed  thorooghlj,  hat  not  at  too  luf^  a 
temperature :  that  from  the  willow,  alder,  or  dogwood  is  pre£srred  for  the  purpose^ 
dogwood  charcoal  heing  employed  only  in  making  rifle  powder.  The  oharoosl 
always  contains  a  notable  proportion  of  hydrogen  and  oxygen.  In  the  Qovcra- 
ment  works  at  Waltham  Abbey,  sulphur  is  never  used  in  the  state  of  flowen  of 
sulphur ;  in  this  condition  it  is  preferred  for  fireworks ;  but  distilled  solphnr, 
reduced  to  a  fine  meal  by  grinding,  is  always  used  for  gunpowder.  The  flowen 
of  sulphur  always  contain  sulphurous  acid,  which  becomes  speedily  converted  into 
sulphuric  acid  and  attracts  moisture.  Nitre  of  the  purest  quality  is  alone  em- 
ployed. These  three  materials  having  been  separately  ground  and  nfted,  an 
mixed  in  powder  in  the  proper  proportions,  and  are  intimately  blended  in  a  re- 
volving drum ;  they  are  ^en  made  into  a  stiff  paste  with  water,  and  ground  (or 
some  hours  under  edge-stones  in  the  incorporating^mill ;  the  slightly  coherent 
mass  thus  procured  is  broken  up,  and  spread,  in  layers  of  about  an  inch  in  thid[- 
ness,  between  plates  of  gun-metal ;  it  is  then  subjected  to  the  action  of  a  hydraulic 
press  which  exerts  a  force  of  70  tons  upon  the  square  foot :  a  hard  aonorons  mass, 
termed  press  cake,  is  thus  obtained :  these  masses,  while  still  damp,  are  broken 
into  small  fragments,  or  granulated,  by  submitting  them  to  the  action  of  toothed 
rollers  in  a  machine  constructed  for  the  purpose.  The  grains  are  next  sorted 
by  means  of  sieves  into  different  sizes,  after  which  they  are  thoroughly  dried  in 
closets  heated  by  steam,  and,  finally,  are  gUued,  or  polished  by  placing  them  in 
barrels  caused  to  revolve  about  39  times  in  a  minute.  Mining  powder  is  often  glaied 
by  adding  powdered  graphite  in  the  polishing  barrels ;  this  operation  retards  the 
rate  of  ignition,  and  diminishes  the  hygroscopic  character  of  the  powder.  A  cubic 
foot  of  good  English  cannon  powder  weighs  about  581b.;  if  below  55  lb.,  it  is 
considered  unfit  for  use.  The  heavier  the  powder  the  greater  is  its  explosive 
power.  Two  ounces  of  the  best  English  powder,  when  introduced  into  a  mortar  of 
8  inches  diameter,  set  at  an  angle  of  45^  should  throw  a  68  lb.  shot  from  260  to 
280  feet,  on  level  ground. 

Good  gunpowder  bums  rapidly  in  the  open  air>  leaving  little 

residue,  not  blackening  or  kindling  paper  upon  which  it  is  fired. 

It  has  been  found  that  a  powerful  concussion  of  powder  between 

two  pieces  of  iron  will  frequently  kindle  it^  and  if  the  powder  be 


*  In  burning  gunpowder  in  a  copper  tube  with  the  view  of  collecting  the 
gases  over  mercury,  Chevreul  found  a  small  proportion  of  nitric  oxide,  of  oar^ 
bonic  oxide,  and  of  carburetted  hydrogen,  with  a  little  sulphuretted  hydrogen, 
mixed  with  the  nitrogen  and  carbonic  anhydride.  Bunsen,  and  Linck,  obtained 
results  somewhat  different,  but  the  temperature,  and  consequently  also  the  reaulti 
of  the  combustion  procured  by  this  regulated  action,  are  different  from  thoM 
attending  the  firing  of  ordnance.  Earolyi,  however  (PA»7.  Mag.  Oct  1863), 
has  succeeded  in  analysing  the  gases  of  gunpowder  which  had  been  fired  in  con- 
ditions closely  resembling  those  which  occur  in  artillery  practice.  For  this  pw^ 
pose  he  enclosed  a  charge  of  powder  in  an  iron  cylinder  of  such  strength  that  it 
just  burst  when  the  powder  was  fired  by  means  of  the  electric  spark.  This  charged 
cylinder  was  suspended  in  a  hollow  spherical  bomb,  from  which  the  air 
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placed  upon  lead^  or  eyen  upon  a  board,  it  may  be  exploded  by 
the  blow  of  a  leaden  bullet  fired  at  it.  The  temperature  at 
which  it  takes  fire  is  about  482^  (250^  C.) 


exhausted  before 

firing.     After  the  explosion  had  been  produced,  the  gases  and 

the  lolid  residue  of  the  powder  were  sabmitted  to  analyslA 

,    The  results  obtained 

were  the  following  :— 

I.  Composition 

qf  the  Powder  used* 

OrdnuM 

Bman-ARDS 

jHure         •••         •,,         ,,, 

jpowdar. 
7378 

powdar. 
77-15 

Sulphur     ... 

i2-8o 

8-63 

Carbon 

IO-88] 

1178 

Charooal    * 

Hydrogen 
Oxygen 

0-38 
1-82 

■  ^3'39 

0-42 
179 

•  I07 

0-31. 

0-28. 

99*97 

100*05 

a 

2.  ProdmeU  qf  Combustion  hy  weight. 

/Nitrogen 

977\ 

io'o6\ 

Carbonic  anhydride 

'7*39 

21*79 

Gsieona     - 

Carbonic  oxide 
Hydrogen 

*'^^  ■  30-58 

1-47 
0*14 

■  34'i8 

Sulph.  hydrogen 

0*27 

0*23 

^Maitfh  gas       ••• 

0-40' 

o-49> 

Amnionic  sesquicarb. 

2-68. 

2*66. 

Potassic  sulphate 

36-95 

36*17 

„       carbonate 

19-40 

20*78 

SoUd 

,,       hyposulphite 

)    2-85  V  69*25 

177 

h  ^5'H 

„       sulphide 

O'll 

0*00 

Charcoal 

a-57 

2'6o 

^Sulphur 

4-69' 

i-i6^ 

AiOBS      •••               ••  • 

Products  qf  Comhtsti 

0-17 

0-68 

u 

100*00 

)lwme  in  u 

lOO'OO 

3.  J 

Ion  by  VI 

DO  qfGoi 

Nitrogen    . 

••         •••          ••• 

3T5^\ 

3S'33\ 

Carbonic  an 

hydride 

4274 

48-90 

Carbonic  oz 

ide 

lO'IO 

5-^8 

Hydrogen  . 

•  •         •••         ••• 

5-9l  •  '^° 

6*90 

'  100*0 

Solphorette 

d  hydrogen 

0-86 

0*67 

Manh  gas. 

••          •••          •  •  • 

370/ 

3-02^ 

These  gases  contained  a  sufficient  amount  of  carbonic  oxide,  and  of  hydrogen  and 
its  compounds,  to  take  fire  on  the  application  of  a  lighted  matdu  The  formation 
of  ammonic  sesquicarbonate  and  of  potassic  carbonate  in  such  large  proportion  is 
remarkable.  The  results  obtained  by  the  analysis  of  sporting  powdor  by  Bunsen 
and  Schischkoff  (Poyye»(£.  Annal.  cii.  321)  do  not  materially  differ  firom  those 
quoted  above ;  but  are  slightly  modified  by  the  excess  of  nitre  used  in  the  pre- 
paration of  this  kind  of  powder. 


894        GUNFOWDEB — ^NITBITB  AND   CHLORATE   OF  POTAISIVK. 

The  object  of  granulating  the  powder^  independently  of  the 

diminution  of  its  tendency  to  absorb  moisture^  is  to  fiiTonr  the 

rapidity  of  inflammation^  by  leaving  interstices  through  which 

the  flame  is  enabled  to  penetrate  and  envelope  each  grain.     The 

ignition  of  the  whole  charge  does  not  take  place  simultaneonsfy 

throughout^  nor  is  it  desirable  that  it  should  do  sOj  otherwise 

sufficient  time  would  not  be  given  to  allow  the  ball  to  receive  the 

full  advantage  of  the  expansive  force  of  the  air  generated;  too 

rapid  an  action  would  be  expended  upon  the  barrel  of  the  gim 

itself^  and  efiects  would  be  produced  like  those  due  to  fulminating 

mercury ;   where  a  prolonged  heaving  force  is  required^  as  in, 

blasting  for  mining  operations^  the  action  of  the  powder  is  still 

further  retarded  by  mixing  it  with  sawdust ;  the  powder  emjdoyed 

for  this  purpose  usually  contains  65  parts  of  nitre^  so  of  sulphur, 

and  15  of  charcoal.    In  the  formation  of  the  fusee,  the  quick  and 

slow  match,  and  certain  kinds  of  fireworks,  gunpowder  is  mingled 

with  combustibles  in  various  proportions. 

The  analysis  of  gunpowder  is  easily  effected :  100  gruns  of  the  powder  fir 
examination  are  dried  oyer  solpboric  acid  in  vacuo;  the  loss  indiosin  the 
amoont  of  moisture.  The  residue  is  digested  in  water,  and  washed :  the  ao* 
lution,  when  evaporated  in  a  counterpoised  capsule,  and  weighed,  fhmishfs 
the  amount  of  nitre  and  other  salts.  Baric  nitrate,  when  added  to  a  solution  of 
these  salts,  acidulated  with  nitric  add,  will  yield  the  sulphuric  acid  in  the  fim 
of  baric  sulphate ;  and  argentic  nitrate,  when  added  to  the  liquid  filtered  fiom  the 
baric  sulphate,  will  give  the  data  for  ascertaining  the  amount  of  chlorine  from 
the  precipitated  argentic  chloride.  The  charcoal  and  sulphur  are  oontamed  in 
the  portion  which  does  not  dissolve  in  water ;  they  may  be  separated  by  means 
of  carbonic  disulphide  or  by  the  use  of  benzol  at  a  boiling  temperature,  whidi 
dissolves  out  the  sulphur,  and  leaves  it  in  the  crystalline  form  by  spontaneooi 
evaporation,  whilst  the  charcoal  is  left  undissolved  and  may  be  weighed. 

A  mixture  of  3  parts  of  nitre^  2  of  potassic  carbonate^  and  i 

part  of  sulphur^  produces  a  substance  known  as  pulvis  fubnimans, 

which  when  heated  on  an  iron  shovel  until  fusion  takes  placCi 

explodes  suddenly  with  a  very  loud  report. 

(573)  P0TA88IC  NiTBiTB,  or  Nitrite  qf  potassium  (KNO,),  is  a  wWte 
anhydrous,  deliquescent  salt,  which  may  be  obtained  in  crystals.  It  may  be 
procured  by  decomposing  nitre  by  fusion  at  a  red  heat,  dissolving  the  residue  in 
water,  and  allowing  the  nitre  to  crystallize  out  of  the  deliquescent  nitrite,  whidi 
may  be  obtained  by  evaporating  the  solution  to  dryness. 

(574)  PoTASsic  Chlorate,  or  Chlorate  of  potassium  (EClO, 

=  122*6)  j  Sp.  Gr.  2'326;  Comp.  in  100  parts,  K^O,  38*36,  and 

Cifi^,  61*64. — On^   mode  of  preparing   this   salt   has    already 

been  explained  (382).    It  may  be  more  economically  obtained  hj 

converting  milk  of  lime  into  a  mixture  of  calcic  chlorate  and 

chloride  by  transmitting  chlorine  gas  in  excess ;  to  a  concentrated 

solution  of  the  mixed  salts,  potassic  chloride  is  then  added  in  the 
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proportion  of  74*5  parts  of  the  chloride  to  168  parts  of  the  caustic 
lime  originally  employed.  The  calcic  chlorate  and  potassic 
chloride  decompose  each  other^  and  potassic  chlorate  and  calcic 
chloride  are  formed  (CaaClOj+aKClrsaKClOs  +  CaCy  ;  boiling 
water  dissolves  both  the  potassic  chlorate  and  the  calcic  chloride. 
Tlie  two  salts  are  easily  separated  by  crystallization^  as  the  chlo- 
rate requires  16  parts  of  cold  water  for  solution^  and  the  chloride 
is  soluble  to  almost  any  extent.  From  this  mixture  the  crude 
chlorate  is  deposited  in  6-sided  prisms^  which,  on  being  redissolved 
in  water,  are  crystallized  in  anhydrous  rhomboidal  pearly  tables ; 
it  has  a  cooling  taste,  somewhat  analogous  to  that  of  nitre :  100 
parts  of  boiling  water  dissolve  61*5  of  the  salt.  When  heated  to 
between  698®  and  806®  (370°  and  430°  C),  the  salt  melts,  and  at 
a  higher  temperature  is  decompos^,  furnishing  oxygen  gas  of 
great  purity,  and  leaving  potassic  chloride  as  a  fixed  residue 
behind.  When  heated  to  redness,  100  parts  of  the  salt  leave 
6079  parts  of  potassic  chloride,  and  39*2 1  of  oxygen  are  evolved. 
The  chlorate  is  a  more  powerful  oxidizing  agent  than  nitre; 
and  if  combustible  substances,  such  as  sulphur  or  phosphorus,  be 
rubbed  with  it  forcibly,  the  combination  of  the  combustible  with 
oxygen  ensues,  accompanied  by  detonation.  Potassic  chlorate  is 
principaUy  consumed  in  the  manufacture  of  lucifer  matches,  and 
as  an  oxidizing  agent  in  certain  operations  of  the  calico-printer. 
When  added  to  a  solution  acidulated  with  hydrochloric  acid,  it  is 
often  used  in  the  laboratory  as  an  oxidizing  agent. 

The  firiction  tnbes  employed  for  firing  cannon  are  charged  with  a  mixture  of 
2  part*  of  potassic  chlorate,  2  of  antimonions  solphide,  and  i  part  of  powdered 
glass.  A  mixture  known  under  the  name  of  white  gunpowder,  consisting  of 
2  parts  of  potasiiic  chlorate,  i  part  of  dried  potassic  ferrocyanide,  and  i  of  sugar, 
has  sometimes  heen  manufactured  for  hlasting  purposes ;  hut  its  preparation  is 
attended  with  very  great  danger,  owing  to  the  facility  with  which  it  explodes  by 
fiiction,  a  circumstance  which  has  caused  seyeral  fatal  accidents. 

(575)  Potassic  Psschlo&ats,  or  PerchloreUe  of  potassium  (KCIO^ 
=  138-6);  Comp,  in  100 parts,Kfi,  33*93  ;  C1,,0,,  6607. — This  salt  crys- 
tallizes in  anhydrous  prismatic  needles,  which  are  very  sparingly  soluble  in  cold 
water ;  its  principal  properties  and  the  mode  of  preparing  it  hare  been  already 
described  (383).  When  heated  to  redness  it  gives  off  46*1 1  per  cent  of  oxygen, 
leaving  53*89  of  potassic  chloride. 

(576)  Potassic  Carbonate,  or  Carbonate  ofpotasrium  (KjCOj 
=  138*3);  Sp.  Gr.  2'26y ;  Comp.  in  100  parts,  Kj,0,  68*ii;  CO,, 
31*89.  —  This  important  salt  is  obtained  in  lai^e  quantities  for 
cx>inmercial  purposes  by  lixiviating  wood  ashes,  and  eyaporat- 
ing  the  solution  until  it  crystallizes ;  the  mother-liquor,  when  it 
cools,  is  poured  off  firom  the  crystallized  salts,  as  it  retains  the 
more  soluble  potassic  carbonate,  and  when  evaporated  to  dryness. 
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affords  the  potoihes  of  commerce^  and  these^  when  calcined,  yield 
the  impure  carbonate  known  as  pearlash.  Different  plantSj  wbct 
burned,  fiimish  yarying  quantities  of  the  alkali,  which  thej 
extract  from  the  soil :  the  leaves  and  young  shoots,  where  As 
vital  action  is  the  most  vigorous,  are  the  parts  which  funuah  the 
greatest  quantity  of  alkali.  Herbaceous  plants,  ther^ore,  genenHy 
furnish  more  than  shrubs,  and  shrubs  more  than  an  equal  weigkt 
of  timber.  It  appears  from  the  experiments  of  Violette  that  the 
variation  in  the  quantity  of  crude  ash  obtained  from  diflferent 
parts  of  the  same  tree  is  extremely  great.  Taking,  for  instance, 
the  quantity  of  ash  found  in  the  heart-wood  as  the  unit  of  com- 
parison, the  proportion  in  other  parts  was  as  fc^ows : — 


Heart- wood  ...         i 

Boot  bark ...         ...         5 

Bark  of  trunk        ...         9 


Bark  of  branches. ..  11 

Boot  fibres           ...  15 

Leaves     aj 


0*91 

a-^5 

lao 

a-43 

2-03 

1-68 

071 

103 

o'6o 

and  it  is  stated  by  Chevandier  (Ann.  de  Chimie,  III.  x.  129)  that 
the  quantity  of  ash  varied  as  follows  for  100  parts  of  different 
portions  of  the  wood  of  the  undermentioned  trees  after  drying  at 
284®  (140®  C.)  j— 

Solid  Stem.  Aran.  BbmII 

■*5eecn  ...         ... 

v/aK             . .  a         ... 
Birch  

As  an  average  it  may  be  stated  that  1000  parts  of  timber  yield 
firom  2  to  4  parts  of  pearlash. 

In  the  wine-producing  countries,  a  considerable  quantity  of 
pearlash  of  good  quality  is  furnished  by  burning  the  refuse  yesil 
after  the  fermentation  is  complete.  The  yeast,  for  this  purpose, 
is  pressed,  dried  in  the  sun,  and  burned  in  shallow  endofurei: 
this  dry  yeast  furnishes  nearly  10  per  cent,  of  its  weight  of  the 
carbonate.  Potassium  does  not  exist  in  plants  in  the  form  of  csr* 
bonate ;  it  occurs  in  them  in  union  with  the  oxions  of  different 
organic  acids :  these  organic  acids  are  destroyed  by  the  action  of 
the  heat  during  incineration.  Such  acids  always  contain  more 
carbon  than  is  sufficient,  when  oxidizied  by  the  air,  to  form  the 
amount  of  carbion  requisite  to  neutralize  the  potassium ;  and  die 
potassic  carbonate  thus  produced  remains  behind,  as  it  is  not 
decomposed  by  a  red  heat.  In  the  ashes  of  plants  various  other 
saline  substances  are  likewise  present,  but  those  which  are  soluble 
consist,  in  addition  to  the  carbonate,  principally  of  potassic  sot 
phate  and  chloride;  these  alkaline  salts  usually  amounting  to 
from  10  to  20  per  cent,  of  the  entire  quantity  of  ash. 

A  purer  carbonate  is  obtained  for  chemical  purposes  by  defla- 
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grating  a  mixture  of  purified  cream  of  tartar  with  an  equal  quan- 
tity of  pure  nitre.  The  mass  is  thrown^  in  small  portions  at  a 
time,  into  a  red-hot  crucible :  in  this  operation  the  nitre  yields 
oxygen  to  the  vegetable  acid,  converting  its  carbon  into  carbonic 
acid,  which  enters  into  combination  with  the  alkali  both  of  the 
tartar  and  of  the  nitre,  since  the  two  acids  undergo  mutual 
decomposition :  the  carbonate  is  extracted  from  the  dry  mass 
by  lixiviation. 

Potassic  carbonate  is  a  deliquescent  salt,  which  is  with  difficulty 
obtained  in  oblique  rhombic  octohedral  crystals  (Kj|C03,2Hj|0). 
Its  reaction  upon  test-paper  is  strongly  alkaline ;  it  has  an  acrid, 
alkaline  taste.  Its  solutions  have  a  peculiar  lixivial  smell :  loo 
parts  of  water  at  59^  (15°  C.)  dissolve  90  of  the  carbonate;  and 
at  the  boiling-point  take  up  205  parts,  or  rather  more  than  twice 
their  weight,  of  the  salt.  Alcohol  does  not  dissolve  it.  Potassic 
carbonate  fuses  by  exposure  to  a  red  heat,  and  at  a  very  high 
temperature  is  partially  volatilized ;  at  a  red  heat  it  is  decom- 
posed by  silica,  carbonic  anhydride  being  expelled  with  efferves- 
cence, whilst  the  silica,  uniting  with  the  alkali,  forms  with  it  a 
true  silicate,  the  basis  of  one  of  the  varieties  of  glass.  Advantage 
is  taken  of  this  property,  in  the  analysis  of  mineral  substances 
which  contain  a  large  quantity  of  silica,  and  which  are  not  easily 
decomposed  by  the  action  of  acids.  For  this  purpose  the  mineral 
to  be  analysed  is  reduced  to  an  extremely  fine  powder  by  careful 
levigation ;  a  portion  of  this  powder  is  accurately  weighed,  and 
then  intimately  mixed  with  about  3  times  its  weight  of  potassic 
carbonate  (or,  still  better,  with  thrice  its  weight  of  a  mixture  of 
5^  parts  of  dried  sodic  carbonate  and  7  of  potassic  carbonate) ; 
the  whole  is  introduced  into  a  platinum  crucible,  and  exposed  to 
a  bright  red  heat  for  an  hour.  The  mass  enters  into  fusion,  car- 
bonic anhydride  escapes  with  effervescence,  and  a  silicate  of  po- 
tassium is  formed ;  by  which  means  all  the  bases  of  the  mineral, 
which  before  were  combined  with  the  silica,  are  set  at  liberty. 
Upon  now  treating  the  mass  with  diluted  hydrochloric  acid,  the 
silicate  is  decomposed,  the  earths  and  metallic  oxides  are  dis- 
solved, and  the  silica  is  partially  dissolved  and  partiaUy  separated 
in  the  hydrated  form.  In  order  to  decompose  the  hydrate  of 
silica,  the  solution  is  evaporated  to  dryness,  moistened  with  hy- 
drochloric acid,  and  again  treated  with  water ;  the  whole  is  now 
placed  upon  a  filter,  and  the  silica,  after  being  well  washed,  re- 
mains behind  in  a  state  of  purity.  The  analysis  of  the  filtered 
liquid  is  then  finished  according  to  the  ordinary  method  adopted 
for  substances  directly  soluble  in  acids. 
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Fio.  339. 


Potasric  carbonate  is  largely  oonsumed  in  tlie  Brim,  as  fisr  ei- 
ample,  in  the  manufacture  of  soap  and  of  glass^  and  for  pfrepariBg 
caustic  potash  and  other  compounds  of  potash.  It  also  fiunushes 
the  chemist  with  one  of  his  most  indispensable  reagents. 

(577)  Alkalimetry, — Since  the  quantity  of  alkaline  carbonate, 
technically  known  as  alkaU,  is  liable  to  great  variations  in  different 
samples  of  the  ash^ — and  since  the  commercial  value  of  pearlaah 
depends  upon  the  amount  of  carbonate  which  it  contains,  a  rapid 
and  sufBciently  accurate  method  of  analysis  of  this  salt  becQmes 
a  desideratum.  In  order  to  effect  this  object,  the  process  termed 
alkalimetry  has  been  invented.  In  principle  it  depends  npon  the 
determination  of  the  number  of  divisions  of  a  diluted  acidy  of 
definite  strength^  which  100  grains  of  the  different  samples  of  ash 
are  capable  of  neutralizing ;  the  neutralization  being  estimated 
by  the  action  of  the  solution  upon  blue  litmus. 

The  acid  solution  which  is  to  be  employed  is  measured  firoma 

burette  or  alkalimeter,  Mohr's  form  of 
which  is  shown  in  fig.  339.  It  consists 
of  a  glass  tube^  with  an  internal  diameter 
of  about  five-eighths  of  an  inch,  and  is 
sufficiently  tall  to  contain  rather  more 
than  1000  grains  of  distilled  water.  A 
little  water^  say  15  or  20  grains,  is  in- 
troduced into  the  tube^  and  the  level  of 
its  surface  marked  with  a  line^  numbered 
100.  1000  grains  of  water  at  60^  F.  are 
then  added,  and  the  level  of  its  surfiu« 
again  marked  off  and  indicated  as  o  j  the 
interval  is  then  subdivided  into  100  eqosl 
parts,  each  capable  of  containing  10  grains 
of  water;  opposite  every  tenth  divisioi 
the  number  corresponding  to  it  is  placedi 
the  numbers  increasing  from  above  down^ 
wards. 

If  the  alkali  be  dissolved  in  a  beaker, 
the  acid  is  added  in  the  necessary  quan* 
tity.  By  means  of  the  spring  damp  s, 
shown  nearly  at  its  full  size  in  fig.  34O1 
the  quantity  of  acid  may  be  regulated  with  the  greatest  precision. 
The  spring  is  arranged  so  as  to  pinch  the  sides  of  the  caoutchooe 
tube  together,  and  prevent  the  escape  of  liquid;  but  on  com- 
pressing the  studs  between  the  finger  and  thumb,  the  pressure 
of  the  spring-  on  the  caoutchouc  is  relaxed,  to  an  extent  which 
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m&f  be  varied  at  pleasure;  and  it  can  be  instantly  restored  hj 
allowing  the  spring  to  exert  its  natural  effect. 


Fio.  341. 


Erdmaun's  float,  shown  in  fig.  341,  enables  the  obserrer 
readily  to  subdivide  each  division  of  the  burette  into  tenths ;  for 
by  reading  the  level  of  the  liquid  at  the  line,  a,  traced  round  the 
float,  iustead  ftf  at  the  upper  curved  edge  of  the  liquid,  the  obser- 
▼ation  is  rendered  much  more  exact. 

Various  plans  have  been  proposed  for  preparing  the  diluted 
add ;  the  foUowing  will  answer  the  purpose. 

The  acid  preferred  is  the  sulphuric.  If  pure  acid  (H,SOJ  be 
used,  the  proportion  required  will  be  represented  by  the  propor- 
tion of  the  equivalents  of  the  two  substances  :— 

i.tK^.        .rt.H,8o.         ^22; 

138  :  98  :  :       100  :  x  (=7i'o). 

1000  grains  would  therefore  contain  71*0  gruns  of  the  acid,  and 
a  gallon  of  the  diluted  acid  (70,000  gre.)  would  contain  70  timet 
this  quantity,  or  4970  grs.  The  commercial  acid,  however,  is 
never  quite  pure,  and  always  contains  an  eicess  of  water,  so  that , 
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about  5000  grains  will  be  requisite.  Having  weighed  out  thb 
amount  of  oil  of  vitriol,  it  is  to  be  added  cautiously  to  a  qnantitf 
of  distilled  water,  coloured  by  the  addition  of  about  a  twentieth 
of  its  bulk  of  tincture  of  litmus ;  and  the  volume  of  liquid,  when 
cool,  is  to  be  made  up  exactly  to  one  gallon.  In  order  to 
ascertain  whether  the  strength  of  this  alkalimetric  acid  be  aoca- 
rately  adjusted,  a  quantity  of  crystallized  bicarbonate  of  potas- 
sium is  fused  in  a  platinum  crucible  in  order  to  convert  it  into 
the  normal  carbonate  :  the  fused  mass  is  poured  upon  a  dean  iron 
plate,  and  100  grains  of  it  are  quickly  weighed,  and  dissolved  in 
about  3  ounces  of  water  in  a  small  evaporating  basin.  I>iluted 
acid  is  now  to  be  introduced  into  the  alkalimeter  until  it  stands 
at  the  mark  o :  after  which  the  liquid  is  added  to  the  solution  of 
potassic  carbonate,  which  is  to  be  gently  warmed  in  order  to  ezpd 
the  carbonic  anhydride  as  it  is  liberated;  the  acid  is  cantionsly 
added  until  the  litmus  is  distinctly  but  permanently  reddened 
The  acid  liquid,  if  properly  diluted,  ought  to  contain^  in  eadi 
division,  suflBcient  sulphuric  acid  to  neutralize  i  grain  of  potassic 
carbonate,  and  the  entire  100  divisions  of  the  alkalimeter  should 
therefore  exactly  produce  this  effect.  K  more  than  100  diviskms 
of  the  acid  be  required,  the  test  acid  is  too  weak ;  if  less  than  100 
divisions,  it  is  too  strong. 

Suppose  that  95  divisions  of  the  acid  were  sufficient,  the 
alkalimetric  acid  firom  which  it  was  prepared  must  have  contained 
one-twentieth  too  much  acid;  every  95  measures  of  this  add, 
therefore,  must  be  diluted  with  5  measures  of  water.  If,  on  the 
other  hand,  more  acid  than  100  divisions  be  required,  say  105  be 
needed,  the  add  contains  one-twentieth  too  much  water;  the 
quantity  of  alkalimetric  acid  used  in  the  experiment  requires  the 
addition  of  one-twentieth  more  of  add  than  it  originally  con- 
tained. The  alkalimetric  acid,  when  duly  adjusted,  is  preser?ed 
in  bottles  which  are  accurately  closed. 

Having  thus  prepared  a  test  add  of  the  proper  strength,  joo 
grains  of  the  sample  of  pearlash  for  trial  are  dissolved  in  3  or 
4  ounces  of  water,  filtered  if  necessary,  and  then  tested  in  the 
same  manner :  the  number  of  divisions  of  acid  consimied  will 
indicate  the  per-centage  of  potassic  carbonate  present  in  the 
sample. 

A  similar  method  may  be  employed  to  determine  the  quantity 
of  soda  present  in  any  sample  of  soda  ash ;  but  as  a  certain  weight 
of  soda  neutralizes  a  proportionately  larger  amount  of  acid  than 
an  equal  weight  of  potash,  a  stronger  acid  must  be  used  in  the 
alkalimeter. 
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The  quantity  of  acid  required  to  neutralize  loo  grains  of  pure 
soda,  NajO,  may  be  calculated  in  the  following  manner : — 

Nt^O  H^O,  HsO 

63  :  98  ::  loo    :    «  (  =  i58'o6). 

1000  grains  of  the  dilute  acid  must  therefore  contain  i58'o6 
grains  of  oil  of  vitriol,  and  a  gallon  seventy  times  this  amount,  or 
iiod4'2  grains.  In  practice,  11200  grains  may  be  taken;  and 
the  acid  tested  by  means  of  pure  sodic  carbonate,  obtained  by 
fusing  a  little  of  the  pure  sodic  bicarbonate.  The  quantity  of 
sodic  carbonate  required  will  be  such  an  amount  as  contains  100 
grains  of  Na^O ;  and  this  may  be  ascertained  as  follows : — 

N«,0  NhCO,  lfi,0  Ni,C0, 

62  106         :  100         :        X  {=I70*97). 

ur  1000  grains  of  the  diluted  acid  should  exactly  saturate  170*97 
grains  of  pure  sodic  carbonate.  Each  division  of  the  alkalimetric 
acid  will  then  correspond  to  i  grain  of  soda,  or  1  per  cent,  of 
pure  soda  in  100  grains  of  any  sample  of  soda  ash.  If  necessary, 
the  test  acid  must  be  corrected  by  adding  more  acid  or  more  water 
until  the  required  strength  is  reached  exactly. 

In   tattt  where  greater  accuracy  h  reqaired,  the  acid  lolutian,  initead  «f 
being  meaanted  from  the  burette,  U  weighed ;  and  for  thie  purpose,  the  boIuUoil 
in  placed  in   a  light  flaak  of  the  form  abown  in 
Eg.  343.      ,  Via.  34a. 

Id  eatimating  the  valne  of  ioda  aah,  which 
olUn  contain!  iodic  sulphide  and  hyposulphite,  an 
en'or  might  be  occasioned  by  adopting  this  method ; 
beoittM  botb  the  sulphide  and  the  hyposulphitA 
would  be  decomposed  by  the  sulphuric  acid,  and 
would  neutralize  it,  and  thus  wonld  be  reckoned  as 
aodic  carbonate. 

The  presence  of  caustic  alk^  in  any  sample  is 
easily  ascertained  by  the  action  of  the  solution  upon  argentic  nitrate ;  the  car- 
bonates of  the  alkali-metals  occasion  a  white  precipitate  of  argentic  carbonate; 
but  if  they  contain  any  caustic  alkali,  a  brown  precipitate  of  bydrated  ai^^tio 
oxide  is  produced.  The  presence  of  sulphides  in  the  ash  is  immediately  mani- 
fesled  by  the  odour  of  sulpharetted  hydrogen  which 
la  evolved  on  neutralizing  the  solution  with  an  acid ;  Fia.  343. 

if  any  sulphide  be  present,  it  will  blacken  the  salts 
ofsilvar,aod  interfere  with  their  application  as  a  tect 
for  caustie  potash  or  soda. 

(578)  Alkalimetry;  Proceu  i^f  Will  and  Fr»- 
teatttt. — The  proportion  of  carbonic  anhydride  in 
«ny  sample  of  alkali  is  readily  asoert^ned  by  means 
of  the  apparatus  employed  for  the  purpose  by  Will 
and  Fieeenius,  represented  in  fig.  343  ;  i  is  a  light 
flask  of  about  loo  cub.  centim.  capacity,  in  which  ' 
j  grammesoftbealkali  are  placed  with  about  30  cub. 
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cent  of  water ;  c?  u  a  similar  flaftk,  ia  which  about  40  cah.  oentim.  of  ml  df 
is  placed.  A  sound  cork  is  fitted  into  the  neck  of  each  flask,  and  ia  pieroed  with  tao 
apertures  for  the  reception  of  the  tabes,  a,  e,  and  e,  all  of  which  are  open  at  bofii 
ends :  the  tube,  a,  is  sufficiently  long  to  dip  into  the  liquid  in  the  flask ;  e  is  a  bent 
tube,  the  k>n^r  limb  of  which  passes  into  the  acid  in  the  flask,  d.  The  ootv 
extremity  of  a  is  closed  during  the  experiment,  by  a  plug  of  wax  or  of  soft 
cement.  The  apparatus  is  charged  in  the  manner  already  described^  and  is 
accnnitaly  weighed  after  it  has  been  connected  together.  A  partial  fjiCQam  ii 
now  made  by  applying  the  mouth  to  the  tube,  0,  and  exhaui^ng  a  portuo  ef 
the  air ;  on  ceasing  to  exhaust,  the  acid  rises  in  the  tube,  c,  and  paxaea  over  into 
6,  to  supply  the  place  of  the  air  which  has  been  withdrawn ;  efferveaoeDea  is 
occasioned  by  the  escape  of  the  carbonic  anhydride,  which  passes  off  thioog^  tfas 
tube,  e,  and  is  dried  as  it  bubbles  up  through  the  oil  of  vitriol  in  tbo  flaak,  d. 
As  soon  as  the  effervescence  has  ceased,  a  fresh  portion  of  acid  ia  forced  over 
from  d  into  b  by  again  partially  exhausting  the  air :  and  this  proceaa  ia  repeated 
until  no  further  effervescence  is  occasioned  by  the  fresh  acid.  The  pHig  of  wax 
is  now  withdrawn  from  the  tube  a,  and  a  current  of  air  is  drawn  tkrongb  the 
apparatus  by  exhausting  with  the  mouth  at  #,  and  the  carbonic  anhydride  ia  thus 
completely  displaced.  The  plug  is  now  replaced  in  the  tube  a,  and  tlie  appi- 
ratut)  is  weighed  a  second  time.  The  difference  between  this  weight  and  tlMt 
obtained  on  the  first  occasion,  indicates  the  amount  of  carbonic  anhydride  whadk 
has  been  expelled. 

If  any  sulphide  or  sulphite  of  the  alkali-metal  be  present,  the  error  which 
it  might  occasion  by  loss  of  sulphuretted  hydrogen,  or  of  sulphnroua  anhydride, 
in  the  gaseous  state,  and  which  would  be  reckoned  as  carbonic  aAhydrids^  ii 
prevented  by  mixing  an  equal  weight  of  potassio  ohromate  with  the  sample 
under  trial :  the  chromic  acid  which  is  liben^^d  by  the  subsequent  actkm  of  the 
sulphuric  acid  upon  the  chromate,  imparts  oxygen  to  the  sulphuretted  hydrogn 
or  sulphurous  acid,  and  converts  both  into  sulphuric  acid,  which  woold  be  le- 
tained,  and  would  in  no  way  interfere  with  the  result. 

(579)  Hydropotassic  carbonate,  Acid  carbonate  or  Bicat" 
bonate  of  potansium  (KIICOjSsioo) ;  Sp,  Gr.  2*052. — By  passing 
a  current  of  carbonic  acid  through  a  strong  solution  of  potassic 
carbonate^  crystals  of  the  bicarbonate  are  deposited  in  the  form 
of  right  rhombic  prisms ;  they  are  permanent  in  the  air,  and 
require  about  4  parts  of  cold  water  for  solution.  The  solution  of 
the  bicarbonate^  if  exposed  to  the  atmosphere,  gradually  loses  one- 
fourth  of  its  carbonic  acid,  forming  the  so-called  sesquicarbonate ; 
and  if  boiled,  the  same  change  occurs  much  more  quickly.  The 
acid  carbonate  is  converted  into  the  normal  carbonate  when  fused 
by  means  of  heat.  Hydropotassic  carbonate  has  no  alkaline  re- 
action upon  turmeric.  It  may  be  employed  for  procuring  the 
compounds  of  potassium  in  great  purity,  since,  if  well  crystal- 
lized, it  is  almost  absolutely  pure,  and  may  be  obtained  in  this 
state  with  less  diflSculty  than  any  other  salt  of  potassium.  It  is 
consumed  medicinally  in  considerable  quantities,  for  making 
effervescing  draughts  by  the  addition  of  citric  or  tartaric  acid  to 
its  solution  in  water. 

The  Silicates  of  Potassium  are  important  compounds  in  con- 
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nexion  with  the  manufacture  of  glass :   they  will  be  noticed  in 
treating  this  subject  (594  et  seg.). 

(580)  Chabacters  of  thb  Salts  of  Potassium. — ^The  salts 
of  potassium^  with  a  colourless  acid,  are  all  colourless.  They 
seldom  contain  any  water  of  crystallization^  yet  many  of  them 
are  deliquescent;  the  carbonate  and  acetate  offer  striking  in- 
stances of  this  peculiarity,  and  furnish  in  this  respect  a  marked 
contrast  to  the  corresponding  salts  of  sodium.  The  salts  of 
potassium,  when  pure,  if  introduced  upon  a  platinum  wire  into 
the  reducing  flame  of  the  blowpipe,  communicate  to  it  a  violet 
tint ;  the  presence,  however,  of  a  small  quantity  of  a  salt  of  sodium 
masks  this  effect,  in  consequence  of  the  strong  yellow  flame  occa- 
sioned in  similar  circumstances  by  the  compounds  of  sodium  ;  by 
means  of  the  spectroscope,  however,  the  potassium  is  distinctly 
recognizable,  though  the  sodium  salt  may  be  in  very  large  excess. 
The  light  emitted  by  a  salt  of  potassium,  in  the  flame  of  a  Bunsen 
burner,  consists  of  a  feeble  continuous  spectrum,  terminated  at 
one  end  by  a  bright  line  in  the  red,  and  at  the  other  by  a  feebler 
bright  line  in  the  violet  (K,  fig.  83,  page  180,  Parti.).  Solutions 
of  the  salts  of  potassium  yield  no  precipitate  with  solutions  of  the 
carbonates  of  the  alkali-metals,  with  potassic  ferrocyanide,  or  with 
hydro-ammonic  sulphide.  The  presence  of  potassium  in  solu- 
tion is  recognized,  after  the  absence  of  every  metal  but  sodium 
has  been  ascertained,  by  the  following  characters  :  if  moderately 
concentrated,  a  solution  of  tartaric  add  in  excess  causes,  upon 
brisk  stirring,  a  white  crystalline  precipitate  of  hydropotassic 
tartrate  (KHC^H^O^),  which  is  readily  dissolved  upon  adding  an 
alkali.  Sadie  perchlorate,  or  sodic  carbazotqte  has  also  sometimes 
been  employed  as  a  test  for  potassium,  since  both  the  perchloric 
and  carbazotic  acids  form  potassium  salts  of  sparing  solubility. 
These  compounds,  however,  are  all  soluble  to  a  considerable 
extent  in  cold  water,  and  unless  tolerably  strong  solutions  are 
employed,  they  do  not  immediately  subside.  With  silicofluoric 
acu/ they  yield  a  transparent  gelatinous  silicofluoride,  which  forms 
a  white  powder  on  drying.  The  most  conclusive  reaction,  how- 
ever, is  produced  with  platinic  chloride ;  upon  mixing  a  strong 
solution  of  this  salt  with  a  concentrated  one  of  a  salt  of  potassium, 
a  yellow  double  salt,  consisting  of  (2KCl,PtClJ  is  separated  in 
crystals ;  it  is  quite  insoluble  in  alcohol  and  ether,  but  is  slightly 
taken  up  by  cold  water.  It  is  therefore  best  for  analytical  pur- 
poses to  acidulate  the  solution  suspected  to  contain  potassium 
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with  a  little  hydrochloric  acid^  and  having  added  a  aliglit  exom 
of  the  solution  of  platinic  chloride^  to  evaporate  to  dryness  over 
the  water-bath^  and  to  wash  the  residue  with  alcohol  so  long  si 
anything  is  dissolved.  This  salt  when  heated  to  redneas  is  de- 
composed, the  platinum  loses  its  chlorine,  and  the  pctasiic 
chloride  may  be  dissolved  out  of  the  grey  residue  with  cold  water, 
whilst  metallic  platinum  is  left  behind :  loo  parts  of  the  chloride 
of  platinum  and  potassium  are  equivalent  to  15*98  of  potassiiiiii, 
or  to  19*26  of  potash,  (K^^O). 

• 

§  11.  Sodium  (Natrium):  [Na=23].     8p.Gr.o*gja; 

Furing-pt.  ao?''-;  [^f'6  C). 

(581)  Sodium  may  be  obtained  from  its  carbonate  by  a  pro- 
cess analogous  to  that  used  in  procuring  potassium.      Deville  re- 
commends the  employment   of  the  following   mixture   in  tlie 
extraction  of  sodium :  dried  s*odic  carbonate,  717  parts ;  powdmed 
charcoal,  175  parts ;  finely  powdered  chalk,  108.    These  materiali 
are  mixed  intimately  and  kneaded  into  a  stiff  paste  with  oil,  and 
calcined  in  a  covered  iron  pot ;  the  mass  is  then  introduced  into 
an  iron  retort  and  distilled,  with  the  pij^cautions  described  when 
speaking  of  potassium ;  it  ought  to  yield  nearly  one-third  of  its 
weight  of  sodium  :  the  object  of  adding  the  chalk  is  to  prevent 
the  charcoal  from  separating  from  the  sodic  carbonate  when  tbv 
salt  fuses.     The  metal  is  now  prepared  in  considerable  quantities 
by  this  method,  wrought-iron  cylinders  with  moveable  ends  bdng 
substituted  for  the  mercury  bottles  used  in  preparing  potassium. 
The  iron  cylinders  are  protected  from  the  fire  by  an  exterior 
cylinder  of  clay. 

As  a  reducing  ag^nt  sodium  is  but  little  inferior  to  potassiam 
in  energy,  and  since  its  combining  number  is  lower,  and  the 
metal  is  much  less  expensive,  it  may  generally  be  substituted  for 
potassium  with  advantage  in  such  operations. 

Sodium  has  a  bluish-white  colour;  in  appearance  and  pro- 
perties it  much  resembles  potassium,  but  is  somewhat  more 
volatile ;  it  fuses  at  a  temperature  of  207^7  (97®'6  C).  It  bums 
with  a  bright  yellow  flame.  When  dropped  into  cold  water,  it 
decomposes  a  portion  of  it,  extricating  hydrogen,  but  the  gas 
does  not  take  fire  unless  the  water  be  heated  previously. 

The  great  storehouse  of  sodium  is  common  salt,  which  is  met 
with  in  nature  in  extensive  deposits ;  it  is  also  contained  in  vast 
quantities  in  the  water  of  the  ocean ;  the  immense  quantities  of 
soda  consumed  in  the  arts  are  almost  exclusively  obtained  from 
ciiloride  of  sodium,  by  a  process  presently  to  be  described^  though 
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25*81     =     100 
41-03     =      100 


sodium  occurs  in  several  minerals,  such  as  albite  or  sodium- 
felspar,  and  cryolite,  the  double  fluoride  of  sodium  and  aluminimi. 
Borax  or  the  acid  borate  of  sodium,  and  trona  or  the  sesqui- 
carbonate,  as  well  as  the  nitrate,  are  also  native  compounds 
of  sodium. 

The  metal  forms  two  well-known  oxides,  one  of  which  con- 
tains twice  as  much  oxygen  as  the  other  :^ 

Sodiom. 

Soda     Na^O     =   62         74'i9     + 

Sodic  peroxide  ...  ^\^t    ~    7^         5^*97      "*" 

A  blue  suboxide  appears  also  to  exist. 

(582)  SoDic  Oxide,  or  Soda  (NajO=62),  forms  the  base  of 
the  important  series  of  salts  of  sodium.  It  can  be  procured  in 
the  anhydrous  state  by  burning  the  metal  in  dry  air  or  in  oxygen 
gas:  it  is  of  a  yellowish- white  colour,  attracts  moisture  as 
greedily  as  the  corresponding  oxide  of  potassium,  and  this  water 
cannot  again  be  expelled  from  it  by  heat. 

In  appearance  and  properties  the  hydrate  or  caustic  soda 
closely  resembles  caustic  potash;  it  may  be  formed  from  the 
carbonate  by  a  similar  method;  its  action  upon  acids,  however, 
is  less  energetic.  According  to  Filhol  the  solid  hydrate  (NaHO) 
has  a  sp.  gr.  of  2*13.  {Comp.  in  100  parts,  Na^O,  77*5 ;  H^O, 
a2'5).  The  following  table  shows  the  proportion  of  anhydrous 
soda  which  is  contained  in  solutions  of  sodic  hydrate  of  different 
densities : — 


Strength  of  Solutions  of  Caustic  Soda  {Dalton). 


8p.gr. 

N»fl0  in  100 
puts. 

8p.gr. 

N«a01n  100 
pftrts. 

I'S^ 

^I'l 

1-33 

330 

150 

3<5-8 

1'39 

19*0 

1-47 

340 

1*31 

16*0 

144 

310 

i*i8 

130 

I'40 

390 

I*I3 

90 

1*36 

ao'o 

VO6 

47 

Caustic  soda  is  extensively  used  in  the  manufacture  of  hard  soaps. 
Caustic  soda  is  now  manufactured  on  a  large  scale  in  the 
alkali  works,  which  supply  it  in  the  form  of  a  solid  hydrate  con- 
taining 60  per  cent,  of  anhydrous  soda ;  for  this  purpose  ad- 
vantage is  taken,  as  proposed  by  Mr.  Gossage,  of  the  caustic  soda 
present  in  the  solutions  of  crude  soda. 

In  order  to  effect  this  the  crude  solution  obtained  from  the  black-ash  vats 
18  evaporated  down  till  it  acquires  a  sp.  gr.  of  1*5  or  1*6,  daring  which  opera- 
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lion  almost  all  the  carbonate,  anlphate,  and  chloride  of  fodinm  erjifaJliie  oiL 
The  solution  (technically  known  as  red  liquor)  is  of  a  red  eoloax,  owing  to  the 
presence  of  a  peculiar  soluble  compound  of  sulphide  of  sodium  and  snlplude  «f 
iron,  and  is  likewise  contaminated  with  ferrocyanide,  and  oceasionnlly  witii  nl- 
phocyanide  of  sodium.  By  forcing  air  under  pressure  for  MTcnl  honn 
through  the  hot  liquid,  the  iron  is  precipitated  as  sesquioxide,  and  the  wab^km 
compounds  are  converted  into  sulphates.  The  completion  of  the  OTidrtinn  ii 
effected  by  the  addition  of  sodic  nitrate.  The  entire  process  of  oaddation  nxj 
indeed  be  more  rapidly  effected  by  means  of  the  nitrate.  After  its  ad^tioD  ti» 
evaporation  is  carried  further,  until  the  mass  by  degrees  becomes  heated  neirij 
to  redness.  When  the  temperature  rises  to  3 1 1  °  ( 1 55°  C.)  large  quantidea  of  an- 
monia  are  evolved,  and  subsequently,  as  the  heat  be«>me8  much  grester,  nitrogoi 
escapes  abundantly  (Pauli).  The  ammonia  is  produced  partly  by  the  deoompo- 
sitiou  of  the  cyanogen  compounds,  but  also  in  part  from  the  removal  of  ezygea 
from  water  by  the  sulphides,  whilst  the  hydrogen  reduces  the  nitric  add  to  the 
form  of  ammonia.  The  fused  soda  is  poured  into  sheet-iron  vessda,  in  wlneli  it 
solidifies,  and  is  preserved  for  the  market.  (Hofinann's  Jury  JSepori^M. 
Exhih,  1862,  p.  28). 

The  sulphides  of  sodium  correspond  in  number  with  those  of 
potassium^  which  they  closely  resemble.  They  may  be  prepaied 
by  analogous  methods. 

(583)  Sodic  Chloride^  or  Chloride  of  sodium  (NaCl=58*5); 
Sp.  Gr.  2*24;  Comp.  in  100  parts,  Na,  39*32;  CI,  6o'68. — This 
important  and  well-known  compound,  formerly  called  muriate  (/ 
soda,  constitutes  common  culinary  table-salt.  It  is  found  natife 
in  the  solid  form,  and  it  exists  in  solution  in  sea  water  in  a  pro- 
portion of  about  2*7  per  cent.,  which  amounts  to  rather  more 
than  four  ounces  per  gallon,  or  to  a  bushel  in  from  300  to 
350  gallons. 

The  extraction  of  the  chloride  from  sea  water  was  formerly 
practised  to  some  extent  upon  the  southern  coast  of  our  own  island: 
in  Great  Britain  this  mode  of  manufacture  is  now  unimportant, 
though  in  the  southern  countries  of  Europe  the  preparation  of 
bay-salt  is  still  a  branch  of  industry  of  some  magnitude.  In  con- 
ducting this  process  the  sea  water  is  allowed  to  run  into  shallow 
pools,  in  which  the  water  evaporates  and  the  liquor  becomes  con- 
centrated by  the  heat  of  the  sun ;  crusts  of  the  salt  are  formed, 
and  are  raked  off  from  time  to  time:  the  rough  crystals  thus 
obtained  furnish  the  bay-salt  of  commerce.  The  concentrated 
sea  water,  or  bittern,  is  employed  as  a  source  of  bromine. 

Balard,  who  has  devoted  much  attention  to  the  study  of  these  mother-liquorst 
has  devised  a  method  of  extracting  from  them  not  only  sodic  sulphate,  but  also 
an  important  quantity  of  salts  of  potassium,  in  the  form  of  a  magnesio-potassie 
sulphate  (BigK,,2S0^,6H,0),  as  well  as  of  a  magnesio-potassie  chloride 
{KC\MgC\fili  fi).  The  process  requires  a  careful  attention  to  the  temperature 
at  which  the  crystallizations  are  effected.  At  temperatures  below  26^*6  (— 3^C.) 
the  chloride  of  sodium  still  present  in  the  brine  decomposes  the  magneaio  sul- 
phate, magnesic  chloride,  and  sodic  sulphate  being  formed;    whilst  at  tern- 
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peratures  above   1 00^*4  (38°  C),  a  sparingly  soluble  sodio-magnesic  sulphate 
(Na,Mg2S0^,6H,0)  is  formed.     The  following  is  the  modification  of  Balard's 
plan,  now  adopted  bj  M.  Merle  at  Camargae  (Les  Mondes,  January,   1866, 
p.  76) :  Sea  water  is  concentrated  in  the  salt-pans  by  spontaneous  evaporation. 
Three  different  saline  deposits  are  thus  obtained;   the  first  of  these  consists 
entirely  of  sodic  chloride,  and  continues  to  be  formed  until  the  liquor  acquires  a 
density  of  i'26y.     The  second  deposit,  known  as  mixed  salt,  then  makes  its 
appearance,  and  continues  to  separate  until  the  liquor  attains  a  density  of  1*3. 
It  consists  of  common  salt  and  magnesic  sulphate  in  equal  quantities.     The 
third  deposit,  which  is  formed  between  the  densities  of  1*3  and  1*32,  is  the 
summer  salt.     It  contains  the  whole  of  the  potash,  partly  in  the  form  of 
magnesio-potassic  sulphate,  partly  as  magnesio-potassic  chloride,  mixed    with 
sodic  chloride  and  magnesic  sulphate.     The  mixed  salt  is  redissolved,  and  the 
concentrated  solution  cooled  down  artificially  by  the  use  of  Carry's  refrigerator 
(note.  Part  I.  p.  ^^gi)  till  the  temperature  falls  to  0°  (— i8®C.)     As  the  liquor 
passes  through  the  refrigerator,  crystallized  sodic  sulphate  is  deposited  in  nearly 
a  pure  state,  and  is  dried  in  a  centrifugal  hydro-ex^actor.     The  mother-liquor 
retains  magnesic  chloride,  and  is  preserved.     The  crude  summer  salt  is  redis- 
solved in  a  small  quantity  of  water  heated  to  90®  or  100**  C. ;  and  on  cooling 
it  deposits   rather  more  than  half  the  potash  as  potassio-magnesic  sulphate 
(E,Mg2S0^,6H,0).      The   mother-liquor  retaining  chlorides  of  sodium    and 
potassium  with  magnesic  sulphate  is  cooled  down  to  — 15*' or  — 18**  C,  by  which 
more  sodic  sulphate  is  separated.     The  saline  liquor  is  finally  boiled  down  to 
a  sp.  gr.  of  1*331,  and  deposits  nearly  all  the  remaining  sodic  chloride.     The 
hot  liquor  is  run  into  shallow  coolers,  where  it  deposits  the  whole  of  the  potash 
in  the  form  of  the  magnesio-potassic  chloride  (KCl,Mg01,,6H,0).     On  treating 
this  with  half  its  weight  of  water,  the  salt  is  decomposed,  the  deliquescent 
magnesic  chloride  is  dissolved,  together  with  one-fourth  of  the  potassic  chloride, 
and  the  solution  is  returned  to  be  recrystallized  with  the  fresh  mother-liquor — 
while  the  undissolved  potassic  chloride  is  ready  for  sale  after  it  has  been  dried. 

Immense  beds  of  common  salt  are  met  with  in  Cheshire^  at 
Wielitzka  in  Poland^  and  at  Cardona  in  Spain.  It  has  also  recently 
been  fonnd  in  abundance  in  the  north  of  Ireland,  near  Belfast, 
and  on  the  southern  borders  of  the  Durham  coal-field.  Near 
Northwich,  the  principal  deposit  of  rock  salt  in  England,  the 
mineral  occurs  in  two  beds,  situated  one  above  another,  separated 
by  about  9  metres,  or  30  feet,  of  clay  and  marl  intersected  with 
small  veins  of  salt:  the  two  beds  together  are  not  less  than  iH 
metres  or  about  60  feet  in  thickness,  274  metres  or  300  yards 
broad,  and  a  mile  and  a  half  long.  These  beds  occur  in  magne- 
Bian  limestone.  The  celebrated  and  beautiful  mine  of  Wielitzka 
contains  sufBcient  salt  to  supply  the  entire  world  for  ages.  It  is 
calculated  that  the  mass  of  rock  salt  here  is  500  miles  in  length, 
20  nules  broad,  and  not  less  than  1200  feet  (366  metres)  in  thick- 
ness.    This  salt  deposit  occurs  in  the  chalk  formation.*     Sodic 


*  Some  specimens  of  the  salt  from  this  mine  decrepitate  when  thrown  into 
water,  owing  to  the  escape  of  condensed  gas  (CH,;  Bose),  which  is  liberated 
daring  the  solution  of  the  crystals. 
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cUoride  is  sometimes  found  crystallized^  and  is  then  termed  mI 
gem,  or  rock  salt.  Where  coal  is  cheap,  the  solubility  of  tlie 
chloride  is  frequently  taken  advantage  of  in  dimininhing  tlie 
labour  of  raising  the  salt  to  the  surface,  water  being  let  down 
into  the  bed  of  salt  and  allowed  to  remain  till  it  has  became  8i- 
turated:  it  is  then  pumped  out  and  the  brine  is  boiled  down 
and  crystallized. 

Some  brine  springs  contain  too  small  a  proportion  of  salt  to  render  it  pro- 
fitable to  effect  the  evaporation  by  heat ;  the  water  in  these  cases  is  theardEbn 
concentrated  by  graduation,  as  at  Salzburg :  this  process  consiiits  in  eipnwng 
the  brine,  diffused  over  a  large  surface,  to  the  air,  by  pumping  it  up  to  a  heiglit, 
and  then  allowing  it  to  trickle  slowly  over  large  stacks  of  fagots,  piled  in  suitable 
buildings  screened  from  rain,  but  freely  exposed  to  the  prevailing  wind :  after 
this  process  has  been  repeated  eight  or  ten  times,  the  solution  acquireii  a  deniitf 
of  about  1*140,  and  is  sufficiently  concentrated  to  allow  the  evaporation  to  be 
finished  as  usual  by  the  direct  application  of  heat.  In  the  first  basin  an  inaolabb 
precipitate,  chiefly  consisting  of  the  sodio-calcic  sulphate  is  deposited  (Na^CaiSOJ, 
partly  in  the  form  of  mud,  or  schlot  as  the  Germans  term  it,  partly  in  the  foim 
of  a  hard  scale,  which  adheres  to  the  bottom  of  the  pan :  when  the  liquor  reidieB 
a  density  of  1*236  it  is  decanted  into  another  pan  and  evaporated  ;  the  emstiof 
salt  are  removed  as  they  are  formed. 

The  appearance  of  the  salt  varies  according  to  the  rate  at 
which  the  evaporation  is  conducted ;  when  the  brine  is  boiled 
down  rapidly^  it  furnishes  the  mealy^  fine-grained  salt  used  upon 
our  tables ;  if  evaporated  more  slowly^  the  hard,  crystallised  salt 
preferred  for  fishery  purposes  is  obtained.  The  salt  of  commerce 
always  contains  a  certain  proportion  of  magnesic  chloride,  which 
gives  it  a  slightly  deliquescent  character,  and  adds  to  the  pun- 
gency of  its  flavour.  It  is  stated,  that  when  the  proportion  of 
magnesic  chloride  in  the  brine  is  considerable,  the  crystals  of  sodic 
chloride  form  a  scum  over  the  surface  which  much  retards  the 
evaporation.  This  inconvenience  may  be  remedied  by  the  addi- 
tion of  a  quantity  of  sodic  sulphate,  which  decomposes  the  mag- 
nesic chloride  and  converts  it  into  sulphate. 

Properties. — Sodic  chloride  has  an  agreeable  saline  taste.  It 
crystallizes  in  colourless  transparent  cubes,  which  are  anhydrous, 
soluble  in  about  3  parts  of  cold  water,  and  scarcely  more  soluble 
at  a  temperature  of  212^  (100^  C.) ;  the  saturated  solution  has  a 
sp.  gr.  of  X'205.  Water  at  32°  (o®  C.)  dissolves  35*5  per  cent,  of 
the  salt,  and  41*2  per  cent,  at  229^*5  (*^9°'5  ^O*  *^®  boiling 
point  of  the  solution.  When  heated  suddenly,  the  crystals  de- 
crepitate with  violence  ;  at  a  bright  red  heat  they  Aise,  and  by  a 
stronger  heat  are  converted  into  vapour.  Sodic  chloride  is  in- 
soluble in  pure  alcohol,  but  is  taken  up  in  considerable  quantity 
by  dilute  spirit.     By  exposing  its  aqueous  solution  to  a  tempera- 
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tore  of  about  14°  (—10^  C.)^  it  crystallizes  in  hexagonal  tables^ 
which  contain  2H3O :  as  the  temperature  rises,  the  water  is  sepa- 
rated, the  crjrstals  fall  to  pieces,  and  become  converted  into  a 
heap  of  minute  cubes. 

Sodic  chloride  is.  consumed  in  large  quantities  in  the  manu- 
facture of  the  salts  of  sodium ;  it  is  extensively  employed  in  glazing 
stoneware,  and  is  an  article  of  daily  domestic  use,  being  indeed 
an  essential  constituent  of  the  food  both  of  man  and  of  animals, 
who  languish  if  it  be  supplied  in  insufficient  quantity.  The  pro- 
cess of  salting  meat  is  resorted  to  on  account  of  the  powerfully 
antiseptic  qualities  of  sodic  chloride.  In  this  operation  a  large 
quantity  of  the  nutritive  juice  of  the  meat  is  extracted,  and  this 
liquid  when  saturated  with  the  salt  forms  the  brine.  Meat  thus 
prepared  is  much  less  digestible  and  nutritious  than  fresh  meat. 

Sodie  chloride,  when  fiued  with  rather  more  than  one-third  of  its  weight  of 
sodium  in  a  current  of  dry  hydrogen,  furnishes  a  blue  compound,  supposed  to  be 
a  subohloride,  Ka,Cl  (Bunsen). 

(584)  Sodic  Bromide,  or  Bromide  of  sodium  (NaBr  =  103 ;  8p,  Or, 
2*34)  is  analogous  to  potassic  bromide ;  it  is  soluble  both  in  water  and  in  alcohol, 
and  crystallizes  at  temperatures  above  86°  (30°  C.)  in  anhydrous  cubes.  At 
lower  temperatures  it  forms  hexagonal  tables  with  2H,0. 

(585)  Sodic  Iodide,  or  Iodide  qf  sodium  (Nal=i50;  Sp.  Or,  3*45) 
crjstallues  at  temperatures  above  104*^  (40°  C.)  in  cubes,  which  are  anhydrous; 
but  if  ciTstallized  at  ordinary  temperatures  it  yields  large  transparent,  striated, 
oblique  rhombic  prisms,  with  2H,0.  Sodic  iodide  occurs  native  in  sea-water  in 
minute  proportion,  but  small  as  this  proportion  is,  it  furnishes  the  commercial 
supply  of  iodine :  many  marine  plants  appropriate  it  to  their  nutrition,  and  when 
these  plants  are  burned,  the  iodide  remains  in  the  residue :  the  ash  thus  obtained 
goes  by  the  name  of  kelp.  A  ton  of  good  Irish  kelp  from  drifl*weed  furnishes 
about  8  lb.  of  iodine. 

(586)  SoDic  Sulphate^  or  Sulphate  of  sodium  (Na^SO^ioHjO 
=  i42-f  180);  Sp.  Gr.  anhydrous,  2*597;  cryst.  1*469:  Comp.  in 
100  parts  of  dry  salt,  NagO,  43*67;  SOg,  56*33;  of  crystallized 
salt,  NajO,  19*25;  SOj,  24*84;  H^O,  55*91. — ^This  salt  has  long 
been  known  under  the  name  of  Glauber's  salt.  It  crystallizes 
usually  in  long  four-sided  prisms,  terminated  by  dihedral  summits. 
It  is  remarkably  efflorescent,  and  loses  the  whole  of  its  10  atoms 
of  water  by  mere  exposure,  at  common  temperatures,  to  the  at- 
mosphere. It  has  a  saline,  bitter  taste,  and  is  occasionally  used 
medicinally  as  a  purgative. 

The  solubility  of  sodic  sulphate  in  water  offers  some  remark- 
able anomalies  (^^,  which  have  been  the  subject  of  many  inqui- 
ries, the  most  complete  of  which  are  those  of  Lowel.^      It  has 


*  Three  forms  of  sodic  sulphate  may  be  obtained  in  ciystals — viz.  i.  the 
anhydrous  sulphate;  2.  the  ordinary  crystallized  sulphate  with  loH^O;  and  3. 
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already  been  mentioned  (74)  that  a  boiling  saturated  aolation  of 
this  salt^  if  closed  hermetically^  may  be  kept  for  months  wiUiaat 
crystallizing^  but  the  moment  that  air  is  admitted^  the  irliole  be- 
comes semi-solid^  from  the  sudden  formation  of  crystals  throagh 
the  mass.  It  is  most  probable  that  the  salt  exists  in  the  super- 
saturated solution  in  the  form  of  the  anhydrous  salt^  and  that 
crystallization  occurs  when  any  circumstance  occasions  the  fiir- 
mation  of  the  less  soluble  lo-atom  hydrate.  The  cry8tall]sati0n 
of  such  a  solution  may^  for  example,  be  instantly  determined  bj 
dropping  in  a  fragment  of  the  sulphate^  or  by  contact  with  a  rod 
of  glass  or  of  metal.  If,  however^  the  glass  rod  or  the  metallic 
wire  be  boiled  with  water,  and  allowed  to  cool  under  water  or  in 
a  closed  vessel^  kept  chemically  clean  in  short  (TomlinBon)i  it 


the  hydrate  with  yH^O,  which  crystallizes  in  rhombic  prisms.  Each  d  these 
varieties  has  a  specific  solubility.  A  lo-atom  hydrate  is  the  least  Bolable,  and 
the  7 -atom  hydrate  the  most  so  of  the  three  forms.  The  following  table  (Lowd, 
Ann,  de  Chimie,  III.  xlix.  50)  exhibits  the  varying  solubility  of  each  fiirm  of 
aodic  sulphate,  as  the  temperature  rises  :-* 
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From  this  table  it  appears  that  the  solubility  of  the  anhydrous  salt  decreases 
from  1 7®-9 1  C.  to  the  boiling-point  ( 1 03°*  1 7  C.)  of  the  solution.  Below  i  y'-pi  C. 
the  molecular  constitution  of  the  salt  is  changed,  a  saturated  solution  d^posituig 
in  vessels  from  which  air  is  excluded,  crystals  of  the  7 -atom  hydrate,  100  paits 
of  water  at  17^*91  0.  retain  as  much  as  53*25  of  the  anhydrous  salt,  whilst  at 
the  boiling-point  only  42-65  parts  are  held  iu  solution.  Henoe  if  a  iolation 
saturated  at  17^*9  C.  be  simply  heated  to  boiling,  without  allowing  anj  Iom  of 
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may  be  introduced  into  the  supersaturated  solution  without  caus- 
ing the  crystallization  of  the  salt. 

Crystallized  sodic  sulphate  is  soluble  in  hydrochloric  acid, 
with  great  depression  of  temperature.  A  convenient  freezing  mix- 
ture is  obtained  by  pouring  5  parts  of  the  commercial  acid  upon 
8  of  the  crystallized  sulphate. 

Native  sodic  sulphate,  to  which  the  narae  of  ThSnardiU  has  been  giren,  has 
been  met  with  nearly  pore  not  far  from  Madrid,  deposited  at  the  bottom  of  some 
saline  lakes,  in  anhydrous  octohedra.  It  has  likewise  been  found,  not  &r  from  the 
same  place,  combined  with  calcic  sulphate,  as  Olauberite,  in  anhydrous  oblique 
prisms  (Na^CaaSOJ. 

Crystallized  sodic  sulphate  also  frequently  occurs  in  needles  as  an  efflorescence 
upon  plaster,  and  upon  brickwork  in  damp  situations. 

Preparation. — Sodic  sulphate  is  made  from  oil  of  vitriol  and 


liquid  by  evaporation,  it  will  deposit  in  hard,  gritty,  anhydrous  crystals  more 
than  one-fifth  of  the  salt  which  it  previously  held  in  solution. 

In  the  case  of  the  least  soluble  form  of  the  sulphate,  the  lo-atom  hydrate, 
the  solubility  increases  until  the  temperature  reaches  33^*9  C,  at  which  point 
the  salt  begins  to  liquefy  in  its  water  of  crystallization :  its  molecular  constitution 
then  undergoes  a  change,  and  it  becomes  gradually  converted  into  the  anhydrous 
variety,  which  at  that  particular  temperature  has  a  lower  solubility  than  the 
hydrated  salt,  and  consequently  is  partially  separated  in  crystalline  grains. 

The  hydrate  with  7H,0  is  more  soluble  than  either  of  the  foregoing  forms; 
but  under  ordinary  circumstances  it  cannot  exist  in  contact  with  the  atmosphere, 
and  is  only  deposited  from  supersaturated  solutions  in  closed  vessels,  or  in  flasks 
which  have  been  allowed  to  cool  covered  with  small  capsules,  so  as  to  prevent  the 
entrance  of  particles  of  dust  or  of  foreign  matter.  Crystals  of  the  7 -atom  hydrate 
may  also  be  obtained  by  pouring  a  boiling  solution  of  the  sulphate  into  a  capsule 
and  allowing  it  to  cool  under  a  bell-glass,  over  a  vessel  of  calcic  chloride.  In 
whatever  mode  the  crystals  of  the  7 -atom  hydrate  have  been  produced,  they 
undergo  change  from  very  slight  causes,  and  become  white  and  opaque  with 
evolution  of  heat,  either  when  exposed  to  the  air,  or  when  the  solution  is  allowed 
to  crystallize  around  them,  or  when  touched  with  a  glass  rod.  The  solubility  of 
the  7 -atom  hydrate  rises  with  the  temperature,  as  is  shown  in  the  table;  but 
this  form  of  the  salt  cannot  exist  at  temperatures  above  29°  C. ;  for  when  heated 
to  this  point  its  crystals  begin  to  liquefy  in  their  water  of  crystallization  ;  and, 
in  consequence  of  a  molecular  change,  crystals  of  the  anhydrous  variety  are  de- 
posited. 

From  the  foregoing  details  it  will  be  easy  to  perceive  why  it  is  that  a  hot 
solution  of  the  sulphate  deposits  crystals  so  slowly : — When  a  solution  of  sodic 
sulphate,  saturated  at  its  boiling-point,  is  poured  into  an  open  capsule,  a  film  of 
crystals  of  the  anhydrous  sulphate  is  formed  at  firat  upon  its  surface,  owing  to 
the  rapid  evaporation  of  a  portion  of  the  solvent.  No  crystals,  however,  are 
deposited  in  the  body  of  the  liquid  until  the  temperature  has  fallen  to  about  33^0. 
The  film  of  crystals  first  formed  is  gradually  redissolved,  and  crystals  of  the  lo* 
atom  hydrate  are  formed  as  the  temperature  continues  to  falL  If  the  solution 
be  evaporated  at  temperatures  above  34^  C,  acute  rhombic  octohedra  of  the  an* 
hydrous  salt  are  produced  :  but  if  a  boiling  saturated  solution  be  allowed  to  cool 
in  closed  vessels,  no  crystals  are  deposited  until  the  temperature  falls  to  17^*90., 
when  oblique  rhombic  prisms  of  the  7 -atom  hydrate  are  formed. 
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common  salt  in  enormoDB  quantitieB,  imder  the  tutme  of  tdt-caie, 
as  a  prelimmaiy  step  in  the  manufacture  of  aoda  aah.  Tlie 
operation  is  carried  on  in  a  reverberatory  furnace,  connected  with 
an  apparatus  for  condensing  the  hydrochloric  add,  which,  till 
within  the  last  few  years,  was  allowed  to  escape  into  the  atmo- 
sphere, to  the  serious  injury  of  vegetation  in  the  snRoaiidiDg 
district.  One  of  the  best  forms  of  ^imace  is  shown  in  section  in 
fig.  344 :  the  course  of  the  flues,  however,  is  not  exactly  sodi  h 


is  there  represented :  a,  the  smaller  of  the  two  compartmenta 
which  compose  the  furnace,  is  of  cast  iron ;  into  this  (the  deeom- 
poser)  &om  5  to  6  cwt.  (about  350  or  300  kilos.)  of  common  Mlt 
are  introduced,  and  rather  less  than  an  equal  weight  of  ftrom 
sulphuric  acid,  of  specific  gravity  1*78,  is  gradually  mixed  with  it, 
a  gentle  heat  being  applied  to  the  outside ;  enormous  volumes  of 
hydrochloric  acid  gas  are  disengaged,  and  pass  off  by  the  flue,  d, 
to  the  condensing  towers,  e  and  ? ;  these  towers  are  filled  with 
fragments  of  broken  coke  or  stone,  over  which  a  continnoua 
stream  of  water  is  caused  to  trickle  slowly  from  h.  A,  A  stea^ 
current  of  air  is  drawn  through  the  fiimace  and  condennng 
towers,  by  connecting  the  first  tower  with  the  second,  as  repre- 
sented at  ff,  and  the  second  tower  with  the  main  chimney,  k,  of 
the  works.  In  the  first  bed  of  the  furnace,  about  half  the  hydro- 
chloric acid  is  expelled  from  the  salt :  the  pasty  mass  thus  pro- 
duced is  then  pushed  through  a  door  for  the  purpose  into  the 
Totuter,  or  second  division,  b,  of  the  fiimace.  In  this  state  it 
consists  of  a  mixture  of  acid  sulphate  of  sodium  and  ondecompoeed 
salt.  The  reaction  in  the  first  bed  of  the  furnace  may  he  repre- 
sented as  foUows;  aNaCl  +  HjSO^^NaCl+NaHSO^-l-Ha. 

In  the  second  stage  of  the  operation  a  higher  temperature  is 
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required ;  the  acid  sulphate  of  sodium  then  reacts  upon  the  un- 
changed chloride^  and  the  conversion  into  normal  sodic  sulphate 
is  complete ;  thus  NaCl+NaHSO^rrHCl+NajSO^.  The  hydro- 
chloric  acid  gas^  as  it  is  liberated  from  b^  passes  off  through  the 
flue^  d,  and  is  carried  on  to  the  condensing  towers.  Heat  is 
applied  to  the  outside  of  the  roaster,  b  ;  the  smoke  and  products 
of  combustion  circulate  in  separate  flues  around  the  chamber,  in 
the  direction  indicated  by  the  arrows,  but  never  come  into  con- 
tact with  the  salt-cake  in  b. 

Sodic  tripotcusic  dUulphate  (NaK,2S0^,  Penny;  Sp,  Gr,  2*668). — This 
doable  salt  is  anhydrous ;  it  may  be  formed  by  dissolring  the  two  salts  in  water 
and  evaporating.  Gladstone  has  shown  that  the  employment  of  a  large  excess 
of  sodic  snlphate  does  not  alt«r  the  composition  of  the  salt,  the  excess  of  sodic 
sulphate  crystallizing  in  its  usual  form. 

It  is  obtained  upon  a  large  scale  from  kelp  liquors  during  the  manufacture 
of  iodine,  and  is  known  under  the  name  of  plate  sulphate,  from  the  manner  in 
which  it  is  deposited  in  hard  crystalline  layers  or  plates,  upon  the  sides  of  the 
crystaUizLDg  vats.  During  the  act  of  crystallizing  it  emits  vivid  scintillations  of 
phosphorescent  light :  this  phosphorescence  is  most  striking  when  the  tempera- 
ture is  near  104^^40^  C).  A  very  brilliant  effect  is  produced  by  dashing  a  pailful 
of  the  warm  mother-liquor  upon  a  crop  of  crystals  in  a  vat  from  which  the 
mother-liquor  has  been  drained  off  a  few  hours  previously. 

JBjjfdrasodie  eulphcUe,  Acid  aulphaie  qf  sodium,  or  Bieulphate  qf  soda 
(NaHSO^=  120 ;  8p.  €hr,  2*742)  corresponding  to  the  hydropotassic  sulphate, 
may  be  formed.  It  is  more  easily  deprived  of  basic  hydrogen  by  heat  than  the 
acid  sulphate  of  potassium ;  2NaHS0^  yielding  Na,SO^,SO,  +  H,0.  The  an- 
hydro-salt,  by  a  stronger  heat  loses  its  sulphuric  anhydride,  and  may  hence  be 
employed  as  a  convenient  source  of  this  anhydride  (416). 

(587)  Sodic  Sulphite,  or  Sulphite  of  sodium  (Na^SOj, 
101130=126 4- 180;  Sp.  Gr.  1736),  is  now  prepared  largely 
under  the  name  of  antichlore,  for  the  purpose  of  removing  the 
last  traces  of  chlorine  from  the  bleached  pulp  obtained  from  rags 
in  the  manufacture  of  paper.  It  is  procured  by  passing  sulphu- 
rous anhydride,  obtained  by  the  combustion  of  sulphur  in  air, 
over  moistened  crjrstals  of  sodic  carbonate,  so  long  as  the  acid  gas 
is  absorbed;  the  mass  is  dissolved  in  water  and  crystallized. 
Sodic  sulphite  forms  efflorescent,  oblique  prisms,  which  fuse  at 
113^  (45®  C.) ;  they  are  soluble  in  about  4  parts  of  cold  water : 
the  solution  has  a  slightly  alkaline  reaction  and  a  sulphurous  taste. 

A  Hydrosodic  sulphite,  or  Acid  sulphite  of  sodium,  may  be 
obtained  in  crystals,  either  as  (NaHSOj)  or  with  4H3O. 

(588)  Sodic  Nitrate,  Nitrate  of  sodium,  or  CtMc  nitre 
(NaN03=85;  Sp.  Gr.  2'26),  occurs  abundantly  from  o*6  to  I'o 
metre  below  the  surface  of  the  soil  near  Iquique,  in  the  district 
of  Atacama,  in  Peru.  It  is  a  somewhat  deliquescent  salt,  and  is 
soluble  in  about  twice  its  weight  of  cold  water :  it  crystallizes  in 
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obtuse  rhombohedra,  and  baa  a  coolings  saline  taste.  Wbea 
beated^  it  fuses  at  591^  (310^*5  C),  and  at  a  bigber  tempentuie 
it  undergoes  decomposition.  It  is  employed  in  tbe  manufactme 
of  nitric  and  sulpburic  acids^  but  from  its  deliquescence  cannot 
be  substituted  for  potassic  nitrate  in  gunpowder.  It  is  fireqnentlj 
used  as  a  manure,  as  in  top-dressing  barley.  Large  quantities  of 
sodic  nitrate  are  converted  into  saltpetre  by  treating  tbe  sodic 
nitrate  witb  potassic  cbloride  in  equivalent  quantity.  Tbe  sodic 
cbloride  crystallizes  out  of  tbe  concentrated  boiling  solution,  and 
tbe  nitre  is  deposited  on  cooling. 

(589)  SOD10  Carbonate,  or  Carbonate  of  sodium  (SufiO^ 
ToH20=io6  +  i8o);  Sp.  Gr.,  anhydrous,  %'$(y),  cryst.  i'454; 
Coinp,  in  100  parts  of  dry  salt,  Na^O,  58*49 ;  CO^  4i'5i ;  ciyst 
HjjO,  62*93;  NagO,  21*68;  CO^  ^5*39 — ^^e  preparation  of  this 
salt  constitutes  one  of  tbe  most  important  brancbes  of  chemicsl 
manufacture  in  tbis  country,  immense  quantities  of  it  being  con- 
sumed in  tbe  production  of  glass,  in  tbe  fabrication  of  soapj  and 
in  tbe  preparation  of  tbe  various  compounds  of  sodium,  berides  a 
considerable  consimiption  as  a  detergent  by  tbe  calico-printer,  as 
well  as  in  tbe  laimdry  for  softening  bard  waters  by  precipitating 
the  salts  of  calcium  and  magnesium.  Compounds  of  sodium, 
from  tbeir  lower  price,  arc  now  substituted  in  a  great  number  of 
cases  in  wbicb  tbose  of  potassium  were  formerly  employed,  but 
there  are  a  few  in  wbicb  tbeir  substitution  is  not  practicable: 
potassic  nitrate  is  still  required  in  tbe  manufacture  of  gun- 
powder ;  in  the  finest  varieties  of  glass,  potash  is  used  on  account 
of  the  green  tint  occasioned  by  soda ;  and  chlorate,  the  cbromates, 
and  tartrate  of  potassium,  as  well  as  the  cyanogen  compounds  of 
potassium,  still  are  preferred  to  the  corresponding  salts  of  sodium. 

The  greater  portion  of  the  sodic  carbonate  formerly  employed 
was  obtained  &om  barilla,  which  is  the  ash  ftimished  by  burning 
marine  plants.  The  Salsola  soda  was  extensively  cultivated  for 
this  purpose  on  the  southern  coast  of  Spain ;  and  on  being  burnt, 
it  yields  a  semi-vitrified  mass,  which  contains  from  25  to  30  per 
cent,  of  normal  sodic  carbonate.  The  Salicomia  was  cultivated 
for  a  similar  purpose  on  the  southern  coast  of  France ;  but  these 
sources  of  supply  have  almost  entirely  given  way  to  a  process  by 
which  the  carbonate  may  be  manufactured  from  sea-salt. 

Manufacture. — In  the  process  of  manufacture  a  rougb  sodic 
sulphate  is  first  formed,  in  the  manner  already  described  (586). 
This  sulphate  is  then  mingled  with  chalk  and  powdered  coal  in 
the  proportion  of  about  3  parts  of  the  sulphate,  3  of  chalk,  and 
i^  or  2  of  coal ;  this  mixtui*e  is  thrown,  in  quantities  of  about  2^ 
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CTt.,  or  135  kilos.,  at  a  time,  into  a  hot  reverberatory  fiimace, 
and  frequently  stirred,  until  the  maas  is  thoroughly  melted. 

The  furnace,  fig.  345,  is  constructed  with  two  doors,  d,  k,  and 
a  double  floorj  b,  c  ;  one  charge  ia  introduced  at  the  further  door, 


Fio.  345. 


E,  whilst  another,  nearer  the  fire,  is  fusing  at  b  ;  towards  the  con- 
clusion of  the  operation  the  mass  melts,  and  efiTerreaces  violently 
£rom  the  escape  of  carbonic  oxide  gas,  which  hums  with  a  greenish 
or  yellow  flame ;  the  mass  is  stirred  briskly  for  a  few  minutes, 
and  when  completely  and  tranquilly  fiised,  ia  raked  out  into  a 
square  trough  or  mould ;  when  cold,  this  loaf  is  turned  out  and 
forms  ball  toda,  or  black-ask,  containing  &om  30  to  27  per  cent, 
of  pure  soda,  mixed  with  calcic  sulphide,  quicklime,  and  unbumed 
coal.  In  order  to  extract  the  salts  of  sodium  from  it,  the  black 
ash  is  broken  up  into  coarse  fragments,  and  digested  with  warm 
water  for  ux  hours,  in  rats  provided  with  false  bottoms :  this 
washing  is  systematically  carried  on  till  the  soluble  portions.are 
extracted,  the  last  washings  being  employed  to  act  upon  fresh 
portions  of  ball  soda. 

One  of  the  forma  of  appantua  for  tbe  lixiriation  of  ball  Roda  U  ihown  ia 
Gg.  34.6.  The  principle  on  which  it  ia  oonatructed  a  aimple,  but  it  admita 
of  extenure  application ;  for  in  many  cawa  much  of  the  economj  of  a  manu. 
factoring  proceaa  depends  npon  the  ayatematic  wafhing  of  the  product  in  anch  a 
manner  as  to  extract  the  largeat  amount  of  aolnbie  matter  bj  meaua  of  the 
amalleat  quantity  of  water,  in  order  ta  rednoe  to  a  miDimum  the  time  and  qnan- 
tity  of  fnel  required  to  effect  the  anbfleqaent  evaporationa.  In  the  oaae  before 
nil  thia  is  eflecled  by  placing  the  material  for  liiiviation — the  black  aah,  in  per- 
forated aheet-iron  vesat^U,  h,  h,  which  can  be  railed  or  lowered  into  outer  liii- 
vixting  vessela,  alao  made  of  iron,  by  meana  of  the  cords  and  pulleya  i,  k.  When 
a  charge  ia  received  from  the  furnace  it  ia  introduced  into  the  lowest  vessel,  o, 
where  it  is  submitted  to  the  diiaolving  action  of  a  liquid  already  highly  charged 
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wUli  alkali  \tj  digotiad  opon  tlia  black  asli  '^™^^'''«^^  h 

a  certain  time  tliia  ehar)p)  ii  niaed  bj  tbe  rope  fiam  a  into  the  txak  f,  « 

ia  inbmittal  to  a  weaker  liqnid,  ami  u  on,  ai 


bMomw  more  completely  eihaiuted,  and  the  rctidae  ia  ancoeanrrij  ■■ 
the  action  of  weaker  ley,  tiU  at  len^h,  in  a,  it  ia  acted  upcm  bj  water  onlj,  np- 
plied  from  the  ciatem  l.  When  &e»h  water  ia  admitted  from  m,  to  the  tof  «f 
thereMel,  a,  aa  it  ia  apecifieallj  lighter  than  tlie  aaline  aolntion,  it  liee  npoa  it* 
tnrfiKe,  and  gradual]  j  diaplacea  tlie  aolntion  from  a,  throiii;h  the  bait  tnbe,  iriuU 
the  water  takea  its  place ;  the  liqnid  from  a  acta  in  a  aimilar  manner  i^on  that 
contained  in  b;  and  this  diKplacement  proceeda  aimDltaneoaaly  thnxi^  nA 
cnooeaaive  tier  of  tlie  arrangement,  nntil  the  concentrated  ley  flowa  aff  fron  «, 
and  ia  tranaferred  to  the  evaporating  pani.  A  still  more  conTenient  Miiauge- 
ment,  in  which  all  the  tanka  are  upon  the  eame  level,  ia  now  in  eominim  aa* 
in  the  alkali  works  of  thia  country.  The  charge  after  it  haa  onoe  been  mtio- 
dnced  into  the  tank  ia  not  removed  again  nntil  completely  eihanated.  By  a  anh- 
able  arrangement  of  pipe*  each  tank  can  be  made  in  ancceaaion  the  recipient  ef 
the  freah  water,  or  of  leya  of  gradually  increeaing  rtrength  deriT«d  from  tlw 
neighbouring  tanka ;  advantage  being  taken  of  the  fact,  that  aa  the  aolotica  be- 
comea  more  highly  charged  with  the  aoluble  material,  the  height  of  the  colomB, 
or  the  water-level,  in  each  aucceaaive  vat  atanda  prngreaUTely  lower,  nntS  tlw 
liqnid  flows  off  saturated ;  and  thus  a  continuoua  flow  ot  liquid  through  the  ayatem 
ia  maintained.  (Ckemieat  Ztcinolo^,  Siciardmn  ^  WalU,  and  ed.  toL  I 
part  iiL  p.  367.) 

Almost  the  whole  of  the  anlphur  originally  present  in  the 
salt-cake  is  retained  in  the  insoluble  residue  in  the  form  of  calcic 
sulphide,  together  with  the  excess  of  lime  and  coal  employed.  It 
accumulates  at  the  soda  works  till  it  forms  a  mountain  of  toda 
waate,  to  the  annoyance  both  of  the  neighbourhood  and  of  the 
manufacturer. 

The  water  for  lixiriation  must  not  be  empl(^ed  at  a  tempe- 
rature exceeding  jii°'3  (44°  C),  otherwise  the  calcic  solpfaide  i> 
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decomposed  into  a  mixture  of  sulpli-liydrate^  whichls  soluble^  and 
hydrate  of  lime;  aCaS  +  aH,0  becoming  CaS^H^S  +  CaO,H,0, 
and  this  sulph-hydrate  imm^iately  reacts  upon  the  sodic   car- 
bonate^ furnishing  disodic  sulphide  and  calcic  carbonate^  whilst 
the  hydrosulphuric  acid  converts  the  caustic  soda  into  disodic 
sulphide :  CaS,H,S  +  NajCOj + aNaHO = aNa^S  +  CaCOj + aHjO. 
The  black  solution  thus  obtained  is  allowed  to  settle,  and  is  then 
pumped  up  into  large  shallow  iron  pans,  where  it  is  evaporated 
by  the  waste  heat  from  the  black-ash  furnaces.     A  large  portion 
of  the  salt  crystallizes  during  the  ebullition,  and  is  removed  by 
means  of  perforated  ladles.     In  order  to  convert  the  caustic  soda 
which  the  solution  contains  into  carbonate,  it  is  evaporated  to 
dryness,   and  after  being  mixed  with  about  a  seventh  of  its 
weight  of  sawdust,  is  roasted  in  a  reverberatory  furnace :  most  of 
the  sulphur  escapes  during  this  operation  in  the  form  of  sul- 
phurous anhydride,  the  residue  yields  the  soda-ash,  or  alkali  of 
commerce,  which  contains  about  56  per  cent,  of  alkali,  Na^O, 
reckone4  in  the  anhydrous  state.     If  required  in  crystals,  the 
crude  carbonate  thus  obtained  is  redissolved,  the  liquid  allowed 
to  settle,  and,  while  hot,  is  run  into  deep  pans,  capable  of  fur- 
nishing upwards  of  100  kUos.  or  about  a  ton  of  crystallized  car- 
bonate.    The  liquid  cools  in  the  course  of  five  or  six  days,  and 
crystals  of  large  size  are  formed ;  the  mother-liquor,  which  is 
drained  off  by  withdrawing  a  plug  in  the  bottom,  is  then  further 
evaporated  down,  and  yields  an  ash  of  inferior  quality. 

The  preparation  of  the  commercial  carbonate  of  soda,  there- 
fore, comprises  three  principal  operations : — 

1st.  The  production  of  salt-cake,  or  crude  sodic  sulphate,  from 
common  salt,  by  the  action  of  sulphuric  acid. 

2nd.  The  making  of  black-ash,  or  impure  sodic  carbonate, 
mixed  with  calcic  sulphide,  by  deoxidation  of  the  salt-cake  after 
mixture  with  chalk,  by  means  of  carbon. 

3rd.  The  preparation  of  soda- ash,  or  the  separation  of  the  sodic 
carbonate  from  the  black-ash  by  lixiviating  the  latter  in  warm 
water  and  evaporating  the  solution  to  dryness. 

Of  these  operations  the  most  remarkable  is  the  preparation 
of  the  black-ash,  by  fusion  of  the  sulphate  with  chalk  and  coal. 
The  chemical  changes  which  occur  consist,  first  in  the  deoxida* 
tion  of  the  salt-cake,  and  its  conversion  into  disodic  sulphide 
with  evolution  of  carbonic  oxide ;  and,  secondly,  in  the  forma- 
tion of  sodic  carbonate  and  calcic  sulphide  by  interchange 
of   the    constituents   of  the   disodic    sulphide  and    calcic   car- 
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bonate.^     These  reactions   occur   suanltaiieoiislyj  and  maj  M 
represented  in  the  following  equation : — 

NajSO^ + 4C  +  CaCOj = CaS + 4CO + Na^CO,. 

An  excess  both  of  coal  and  of  chalk  is  always  employed  in 
practice^  as  a  good  deal  of  coal  bums  off  unavoidably^  and  an 
excess  of  chalk  is  needed  to  prevent  the  formation  of  a  polysid- 
phide  of  calcium.  This  chalk  becomes  quicklime  in  the  fnmao^ 
and  when  the  ball  is  lixiviated,  the  hydrate  of  lime  at  first  pro- 
duced is  converted  into  carbonate,  while  caustic  soda  is  formed 
in  equivalent  quantity  (Oossage). 

Many  attempts  have  been  made  to  recover  the  sulphur  from  the  soda  waite, 
the  mo8t  suocessfol  of  which  consists  in  exposing  the  material  in  the  tanks  10 
oxidation  by  a  current  of  air,  the  object  being  so  to  manage  the  opentioa  thil 
a  mixture  of  soluble  calcic  persulphide  and  hyposulphite  shall  be  finrmed,  ikiti 
on  dissolving  out  from  the  sparingly  soluble  lime  and  its  carbonate  thej  nay 
each  deposit  their  sulphur  on  the  addition  of  hydrochloric  add,  acoording  to 
reactions  which  may  be  thus  represented  i— 

(I)     I  aCaS  +  60,  +  H,0  =  aCaS,  +  CaS.H.O,  +  pCaO 
(a)     aCaS,  +  CaS,H,0^  +  6RCI  =^  3Caa,  +  4H,0  +  68, ; 

in  practice  the  quantity  of  sulphur  obtained  is  far  less  than  the  equations  indi- 
cate, some  sulphate  and  thionic  compounds  apparently  being  formed  (803). 

Various  processes  for  obtaining  sodic  carbonate  have,  from  time  to  time,  bea 
proposed,  to  supersede  the  one  just  described,  which  was  invented  by  Leblanc ;  and 
some  years  ago  works  on  a  considerable  scale  were  established, in  which,  upon  a  ^la 
patented  by  Mr.  Longmaid,  by  roasting  iron  or  copper  pyrites  directly  with  sodis 
chloride,  sodic  sulphate  was  obtained  without  the  preliminary  mannfactore  of  ofl 
of  vitriol,  whilst  chlorine  is  evolved.  The  reaction  with  iron  pyrites  may  be  tiras 
represented  :  4FeS,  +  i6Naa  +  19O,  =  aFe,0,  +  SNa^SO^  +  8C1,.  A  portion  of 
the  sulphur,  however,  always  burns  off  in  the  form  of  sulphurous  anhydride.  By 
the  employment  of  poor  ores  of  copper  and  tin,  it  has  been  found  poaaible  to 
extract  these  metals  with  advantage  from  materials  which  would  not  otherwise 
have  paid  for  working. 

Properties. — Sodic  carbonate  has  a  nauseous  alkaline  taste; 
it  is  an  efflorescent  salt^  usually  crystallizing  in  large  transparent 
rhomboidal  prisms^  which  are  soluble  in  any  proportion  in  hot 
water^  and  even  melt  in  their  water  of  crystallization ;  they  are 
also  very  soluble  in  cold  water.  The  salt  readily  parts  with  its 
water^  and  melts  at  a  red  heat.  If  crystallized  at  a  temperatuie 
of  —4°  (— ao®  C),  an  unstable  hydrate  with  15H3O  may  be  ob- 
tained (Jacquelain).  Mitscherlich  has  also  obtained  sodic  car^ 
bonate  crystallized  with  6H3O.  If  crystallized  above  93°*2  (34^  C.) 
the  salt  is  deposited  in  forms  derived  from  the  square-based 


*  Monoeulphide  of  calcium  is,  sm  Mr.  Gossage  has  pointed  out,  nearly  insoluble 
in  cold  water.  Ozysulphide  of  calcium,  supposed  by  Dumas  to  be  formed,  and 
to  furnish  the  condition  required  for  rendering  the  sulphur  insoluble,  appean  not 
to  exist 
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octohedron^  wliich  c6ntaiii  sUfi';  whilst^  if  C]y3tallized  between 
158°  and  176°  (70^  and  80®  C),  fonr-dded  prisms  are  produced, 
which  contain  only  H^O.  Solutions  of  the  carbonate  may^  ac- 
cording to  lipwel  {Ann.  de  ChinUe,  lU.  xxxiii.  382)^  be  obtained 
in  the  condition  of  supersaturation,  by  adopting  precautions 
.similar  to  those  mentioned  when  speaking  of  the  sulphate.  The 
.carbonate  exhibits  a  maximum  solubility  at  100^*4  (38^  C.) ;  the 
decrease  of  solubility  above  this  point  arises  from  the  formation 
jof  the  monohydrate  (iHsLJCO^Jifi),  and  this  is  deposited  when  a 
^solution  saturated  at  219^*2  (104^0.)  is  concentrated  by  boiling.f 
(590)  Hydbosodic  Ca&bonate^  Add  carbonate  of  sodium,  or 
bicarbonate  of  soda  (NaHC03=84;  Sp.  Gr.  2*192)  is  obtained  by 
«aturating  a  strong  solution  of  the  normal  carbonate  with  car* 
,bonic  acid ;  the  solid  crystallized  carbonate  alsp  absorbs  car- 
bonic anhydride  with  considerable  evolution  of  heat;  and  1^  the 
bicarbonate  is  less  soluble  than  the  carbonate^  this  process  is 
.employed  for  procuring  pure  carbonate  from  the  cammei«ial 
crystals;  for  on  washing  the  powdered  bicarbonate  with  cold 
water  till  the  washings  are  free  from  sulphates  and  chlorides^  a 
pure  bicarbonate  is  obtained.     This  salt  is  ako'' manufactured 

*  This  hydrate  is  more  soluble  in  cold  than  in  hot  water,  and  becomes  re- 
diMolved  in  the  mother-liqnor  if  allowed  to  cool.  The  supersaturated  solution 
cuntains  a  hydrate  with  7H,0.  L5wel  describes  two  modifications  of  this  7-atom 
hydrate,  which  differ  in  solubility  and  in  crystalline  form  :  one  variety,  a,  is  de- 
posited in  rhombohedral  crystals,  if  a  solution  saturated  at  the  boiling-point  be 
corked  whilst  boiling,  and  allowed  to  cool  down  to  between  50"  and  59^(10]* 
and  15^  C.)»  but  it  is  redissolred  on  raising  the  temperature  to  69*^*8  (21*'  C.) ; 
•and  on  cooling  down  to  between  41^  and  50^  (5^  and  10^  C.)  the  modification 
b  is  deposited  in  square  tables.  If  cooled  below  4°  C.  the  solution  gradually 
deposits  the  lo-atom  hydrate,  and  the  condition  of  supersaturation  ceases.  The 
following  table  gives  a  comparative  view  of  the  quantities  of  the  io-atoui 
hydrate,  and  the  two  varieties  of  the  7-atom  hydrate  contained  in  100  parts  of 
the  saturated  solutions  at  different  temperatures : — 

100  parts  of  Water,  token  saturated^  contain,  of 
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upon  a  large  scale  by  moistening  the  crashed  crystals  of  soifift 
carbonate  with  water,  and  exposing  them^  upon  cloths,  to  ihe 
depth  of  a  or  3  inches  (about  6  or  8  cm.),  in  stone  or  woodoi 
boxes,  to  a  current  of  gaseous  carbonic  anhydride :  the  wster  of 
crystallization  is  separated  during  the  process,  and  the  tem* 
perature  rises  considerably.  The  sesquicarbonate  is  first  fimned, 
and  as  the  operation  proceeds  it  is  converted  into  the  bicarbonaiei 
The  bicarbonate  crystallizes  in  rectang^ar  four-sided  porismiy 
which  require  10  parts  of  water  for  solution  at  ordinary  tempe* 
ratures.  If  its  solution  be  heated,  4  atoms  of  the  bicarbonate 
lose  one  of  carbonic  acid,  and  are  converted  into  the  sesquicar* 
bonate,4NaHCOj=aNa,C03,HjCO,+  HjCOj;  and  by  continued 
boiling  of  the  solution,  and  still  more  readily  by  heating  ths 
solid  salt  to  redness,  it  is  converted  into  the  normal  carbonate ; 
aNaHCOj = NajCO,  +  H,0  +  CO,. 

A  Dative  8esquiearbon<Ue  qf  Sodium*  (2Na^C0,,H,(X), .  2H,0  »  274  -h  j6)^ 
which,  however,  always  containa  sulphate  and  chloride  of  sodium,  has  bMn  loof 
known  in  commerce  as  trona  or  nairon;  it  is  chiefly  obtained  ma  a  aafiat 
effloresceooe  on  the  borders  of  some  lakes,  of  which  those  of  Egypt  are  the  beii 
known.  Many  other  countries,  however,  such  as  those  in  the  neighbourhood 
of  the  Black  and  the  Caspian  seas,  as  well  as  some  parts  of  Thibet  aad  of 
Siberia,  also  furnish  this  salt.  It  crystallizes  in  rhombic  prisma,  terminated  Ij 
four-sided  pyramids ;  it  is  less  soluble  than  the  normal  carbonate,  bat  more  » 
than  the  bicarbonate,  and  has  a  feebly  alkaline  reaction. 

The  normal  sodic  and  potassic  carbonates,  when  melted  to» 
gether  in  the  proportion  of  i  atom  of  each  (KjCO,-f-NajCO,), 
readily  combine  and  form  a  salt  which  fuses  at  a  lower  tem- 
perature than  either  of  its  components.  On  account  of  its  ready 
fusibility,  this  mixture  is  preferred  to  either  carbonate  alone,  as  a 
means  of  decomposing  siliceous  minerals  in  analytical  operations 
(576).  If  sodic  carbonate  be  dissolved  in  a  solution  of  potassic  car- 
bonate in  excess,  the  solution,  on  evaporation,  yields  transparent 
crystals  which,  according  to  Marignac,  consist  of  NaKCO,,6HgO: 
this  salt  is  decomposed  if  it  be  attempted  to  recrystalliBe  its 
aqueous  solution,  normal  sodic  carbonate  being  deposited. 

(591)  Phosphates  of  Sodium. — Phosphoric  acid  forms  with 
sodium  several  crystallizable  salts :  some  accoimt  has  already 
been  given  of  these  compounds  (448,  449,  450). 

TatsoDic  Phosphate,  or  Subphosphate  of  soda  (Na,PO^ 
i2H20=i64+2i6) ;  Sp.  Gr.  cryst.  1*622. — ^This  salt  is  prepared 
from  the  rhombic  phosphate  by  adding  caustic  soda  to  its  solution 
till  it  feels  soapy  to  the  fingers.     It  crystallizes  readily  in  small 

'        *  The  terms  bicarbonate  and  sesquicarbonate  are  not  strictly  correct ;  bvl 
'  they  are  well  onderstoodg  and  convey  with  distinctness  the  ideas  intended. 
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prisms^  whicli  effloresce  in  the  air,  and  gradually  absorb  carbonic 
acid.  A  remarkable  double  salt  of  this  phosphate  with  sodic 
fluoride  (NaF,NajPO^.  laHjO)  was  obtained  by  Briegleb,  by 
fusing  the  rhombic  or  hydro-disodic  phosphate  with  fluor-spar 
and  sodic  carbonate;  and  also  by  digesting  powdered  cryolite 
with  a  mixture  of  rhombic  phosphate  and  caustic  soda. 

Hyd&o-disodic  Phosphate,  or  Rhombic  phosphate  of  sodium 
(Na^HPO^.  i2Hj,0=i42  +  2i6) ;  8p.  Gr.  cryst.  1-586.— This  salt 
is  the  one  from  which  most  of  the  phosphates  are  formed :  it  is 
the  one  which  has  been  longest  known,  and  is  that  commonly 
called  ^  phosphate  of  soda/     It  is  best  procured  by  neutralizing 
with  sodic  carbonate  the  acid  phosphate  of  calcium,  prepared  as 
directed  for  obtaining  phosphorus   (443)  :  by  this  means  calcic 
carbonate  is  precipitated,  and  allowed  to  subside ;  the  clear  liquid 
is  then  decanted  from  the  precipitate,  evaporated  if  necessary,  and 
9et  aside  to  crystallize.     Hydro-disodic   phosphate  forms  large^ 
transparent,  efflorescent  rhombic  prisms :  they  have  a  cooling 
saline  taste,  and  are  soluble  in  4  parts  of  cold  water;  at  99^ 
(37^*2  C.)  they  fuse  in  their  water  of  crystallization,  and  are  there- 
fore soluble  in  boiling  water  to  an  unlimited  extent ;  the  solution 
has  a  fiEuntly  alkaline  reaction.   It  corrodes  flint-glass  bottles,  and 
occasions  the  separation  of  white  siliceous  flakes  from  their  sur- 
face.   Clark  found  that  when  the  solution  of  this  salt  is  evaporated 
at  temperatures  above  90®  (32^*2  C),  the  salt  crystallizes  with  7 
atoms  of  water,  and  is  not  efflorescent ;  in  both  forms  it  is  isomor- 
phous  with  the  corresponding  hydro-disodic  arseniate.    K  heated 
to  302°  (150°  C),  it  loses  all  its  water  of  crystallization ;  but  if 
redissolved  in  water  it  may  be  obtained  from  its  solution  with  all 
its  characteristic  properties.     If  a  solution  of  this  phosphate  be 
mixed  with  free  phosphoric  acid,  until  it  ceases  to  precipitate 
baric   chloride,  another  phosphate  is  produced,  the  sodio-dihydric 
phosphate,  formerly  known  as  the  diphosphate  of  soda  (NaH, 
PO^ .  HjO=i20+i8);    it    crystallizes  with    difflculty   in   right 
rhombic  prisms,  and  has  a  strongly  acid  reaction. 

All  these  are  tribasic  phosphates ;  they  precipitate  argentic 
nitrate  of  a  yellow  colour. 

Tetrasodic  phosphate,  or  Pyrophosphate  of  sodium  (Na^P^O^, 
ioHj,0=266+ 180) ;  8p.  Gr.  cryst.  1*836. — If  the  rhombic  phos- 
phate be  ignited  it  loses  all  its  water,  and  on  then  treating  it  with 
water,  a  new  tetrabasic  salt  is  dissolved,  which  crystallizes  in  prisms. 
Its  solution  has  an  alkaline  reaction,  and  yields  a  dense  white  pre- 
cipitate with  argentic  nitrate,  which  is  not  changed  by  exposure 
to  light. 
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*        *  -  •  ■ .      •  ...  , 

SoDic  "Metatuobtbate,  or  Metaphdsphaie  of  iodium  (NaF(^= 
102). — If  microcosmic  salt^  or  if  the  sodio-dihjdric  (acid  tribai^) 
phosphate^  Or  the  dihydro-disbdic  phosphate  (add  pyrophosphate)! 
be  heated  to  redness^  all  the  volatile  bases  are  expelled^  tlie  re- 
sidue fuses  to  a  clear  glass^  and  on  redissolving,  sodic  metsphn- 
phate  or  monobasic  phosphate  of  sodium  is  obtained.  It  foraisa 
deliquescent  and  very  soluble  salt^  which  has  a  feebly  acid  re- 
action upon  litmus.  It  cannot  be  obtained  in  crystals.  Hiii 
solution  of  this  salt  causes^  with  argentic  nitrate^  a  white  gela- 
tinous precipitate^  soluble  in  excess  of  the  metaphosphate ;  with 
baric  or  calcic  nitrate  a  similar  gelatinous  precipitate  is  formed.' 
This  salt  is  susceptible  of  various  modifications  by  the  application 
of  diflFerent  temperatures  (450). 

(592)  BoRAx^  or  Acid  borate  of  sodium,  (Na^OaBgO^ioH^O 
=  202  +  180);  8p.  Gr.  fused,  2*367,  cryst.  173;  Camp,  in  100 
parts,  anhydr.,  NajO,  307  ;  BjOg,  69*3 ;  cryst.  Na^O,  16*23 ;  Bfip 
36'6^;  H3O,  47*12. — ^This  well-known  salt  is  produced  in  con- 
siderable quantities  in  various  parts  of  the  world,  particniariy  in 
Thibet,  whence  for  many  years  the  principal  part  of  the  borax 
consumed  was  supplied.  The  crude  borax,  or  tincal,  is  obtained 
by  the  spontaneous  evaporation  of  the  waters  of  the  lakes  whence 
it  is  derived,  and  occurs  crystallized  in  flattened  six-sided  prismi^ 
terminated  by  trihedral  summits.  These  crystals  are,  however, 
very  impure,  being  covered  with  a  greasy  coating,  said  to  be  de- 
rived from  the  skins  in  which  they  are  imported.  In  order  to 
remove  this  grease,  the  crystals  are  powdered,  thrown  upon  a 
filter,  and  washed  with  a  weak  solution  of  caustic  soda,  which 
forms  a  soap  with  the  grease,  and  dissolves  it ;  the  remaining  salt 
is  dissolved  in  water.  Sodic  carbonate  equal  to  one-eighth  of  the 
weight  of  the  borax  is  added  to  the  solution ;  a  copious  precipi- 
tate of  earthy  impurities  ensues,  the  liquid  is  cleared  by  filtrationi 
and  allowed  to  cool  very  slowly :  the  borax  is  deposited  in  rect- 
angular or  in  six-sided  prisms,  containing  loH^O,  one  atom  of 
which  is  probably  basic. 

A  large  quantity  of  borax  is  now  manufactured  from  the 
boracic  acid  obtained  from  the  lagoons  of  Tuscany,  by  saturating 
it  with  sodic  carbonate,  and  allowing  the  salt  to  crystaUixe.  In 
the  course  of  this  operation  the  crude  boracic  acid  is  mixed  with 
about  half  its  weight  of  soda-ash,  and  is  thrown,  in  quantities  of 
about  3  cwt.  at  a  time,  upon  the  floor  of  a  reverberatory  furnace; 
the  mixture  soon  frits  and  eflervesces,  and  must  be  well  stirred 
during  the  process  :  a  quantity  of  carbonic  anhydride,  of  ammo- 
nia, and  of  organic  matter  which  always  accompanies  the 
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acid,  is  got  rid  of  in  this  operation.'!'  The  firitted  mass  is  then 
lixiviated  in  deep  iron  boilers.  Here  the  solution  is  allowed  to 
remain  at  rest,  in  order  to  allow  the  impurities — ^which  consist 
chiefly  of  alumina,  calcic  carbonate,  and  some  silica — to  subside : 
and  the  liquid,  when  brought  to  the  sp.  gr.  ri66,  is  drawn  off 
into  wooden  tanks,  lined  with  lead,  where  the  solution  cools  very 
slowly.  The  large  crystals  in  which  borax  is  demanded  for  the 
market  can  be  procured  only  by  operating  on  very  large  masses 
of  the  salt,  and  allowing  it  to  crystallize  from  a  solution  contain- 
ing sodic  carbonate  in  excess.  Borax  may  also  be  obtained  in 
octohedral  crystals  (NaH2B02,2H20 ;  sp.  gr.  I'Sij),  if  the  salt 
be  allowed  to  crystallize  at  a  temperature  between  176^  and  131^ 
(80^  and  ^^^  C.)  from  a  solution  of  sp.  gr.  1*256,  to  which  about 
one-third  more  of  sodic  carbonate  is  added  than  is  required  to 
form  the  salt 

Borax  has  a  feebly  alkaline  taste  and  reaction.  The  prismatic 
crystals  are  soluble  in  about  half  their  weight  of  boiling  water^ 
and  in  12  parts  of  cold  water ;  they  are  slightly  efflorescent.  When 
heated,  borax  bubbles  up,  loses  its  water,  and  melts  below  redness 
into  a  transparent  glass :  this  glass  dissolves  many  metallic  oxides^ 
which  often  impart  intense  and  characteristic  colours  to  the  bead. 
Borax  is  hence  much  used  as  a  test  before  the  blowpipe  for  recog- 
nizing the  presence  of  certain  metallic  oxides.  For  this  purpose 
a  small  crystal  of  borax  is  fused  upon  the  end  of  a  bent  platinum 
wire,  and  a  minute  quantity  of  the  substance  to  be  tested  is 
melted  with  the  salt  in  the  flame  of  the  blowpipe :  the  colour  of 
the  glass  varies  according  as  the  bead  is  heated  in  the  oxidizing 
or  in  the  reducing  flame  (494).  The  power  which  this  salt  pos- 
sesses of  dissolving  the  metallic  oxides  renders  it  advantageous,  in 
the  process  of  soldering  oxidizable  metals,  to  sprinkle  the  metallic 
surfaces  with  powdered  borax ;  on  the  application  of  heat  the 
borax  melts  as  well  as  the  solder,  and  the  film  of  oxide  which 
would  otherwise  prevent  the  adhesion  is  removed  from  the  pieces 
of  metal  at  the  moment  that  the  alloy  is  presented  to  imite  them. 
Borax  is  used  in  the  arts  as  a  flux,  and  by  the  refiner  in  the  melt- 
ing of  gold  and  silver.  In  making  enamels,  it  is  fi^uently  added 
for  the  purpose  of  rendering  the  compound  more  fusible,  and  it 
is  largely  employed  in  fixing  colours  on  porcelahi. 

Other  borates  of  sodium  may  be  formed,  but  ordinary  borax 

*  The  ammonia  which  is  lost  by  operating  in  this  manner  is  in  some  works 
economized  by  dissolving  sodic  carbonate  in  water  in  tanks,  adding  the  acid 
gradoally,  and  conducting  the  vapoors  from  the  hot  liqoid  into  a  reservoir  oon* 
taining  anlphnrio  aoid. 
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is  the  only  salt  of  any  practical  importance;  the  tetnJkmli^ 
2(S9,BO^,3UBO^yyIijO,  crystallizes  with  great  diflScnlty :  a  neu- 
tral borate  may  be  obtained  by  fusing  i  atom  of  ordinary  bom 
with  I  of  sodic  carbonate;  it  crystallizes  in  oblique^  rhonibk 
prisms  (NaB02»4H20).     They  absorb  carbonic  add  firam  the  air. 

(593)  Silicates  of  Sodium. — ^When  finely  divided  silica  n 
gradually  added  to  fused  sodic  carbonate,  carbonic  anhydride  n 
evolved  with  effServescence,  and  a  mixture  of  various  nUcates  of 
sodium  IB  formed.  Fritsche  obtained  a  silicate  of  the  compoaitian 
(Na^O,Si02^9H30),  by  dissolving  in  a  strong  solution  of  caustic  sodi 
a  quantity  of  silica  equal  in  weight  to  the  anhydrous  soda  present 
in  the  liquid :  it  crystallizes  sometimes  with  6,  sometimes  with  9, 
atoms  of  water.  This  silicate  may  also  be  obtamed  by  fuamg 
2  parts  of  powdered  flints  with  3  of  sodic  carbonate.  When  a 
concentrated  solution  of  sodic  carbonate  is  boiled  with  finely 
divided  silica,  a  large  proportion  of  silica  is  dissolved :  but  the 
clear  liquid,  as  it  cools,  deposits  a  gelatinous  precipitate,  consist- 
ing, according  to  Forchhammer,  of  Na,0,36  SiO^.  Other  silicates 
have  been  obtained,  to  which  the  proportions  indicated  by  the 
formul»  (aNa30,5SiOj)  (Naj,0,3Si03)  and  (NajO^iO,)  have  been 
assigned.  It  is  difficult,  however,  to  prove  the  existence  of  these 
compounds  with  the  exception  of  the  one  last  named.  The  silicate 
(Na,0,Si0.2)  ^^  ^^^  property  of  being  dissolved  by  an  excess  of 
fused  sodic  carbonate,  and  the  glass,  which  is  clear  and  trans- 
parent while  hot,  becomes  opaque  on  cooling ;  but  the  same  sili- 
cate, if  heated  sufficiently  with  an  excess  of  silica,  melts  and  forms 
a  homogeneous  mixture,  which  yields  a  transparent  glass  on  cool- 
ing, the  fusibility  decreasing  as  the  proportion  of  silica  increaseSj 
until,  when  the  quantity  of  silica  amounts  to  9  atoms,  the  heat 
of  a  forge  is  required  for  its  Aision.  These  silicates  are  -all  more 
or  less  soluble  in  boiling  water. 

A  peculiar  silicate,  represented  by  the  formula  Na,0,4SiOy 
which  has  received  the  name  of  soluble  glass,  is  prepared  by  melt- 
ing together  8  parts  of  sodic  carbonate  (or  10  of  potassic  car* 
bonate),  with  15  of  pure  quartz  sand  and  i  part  of  charcoal 
(Fuchs)  :  the  charcoal  by  its  tendency  to  form  carbonic  oxide,  at 
the  expense  of  the  oxygen  of  the  carbonate,  facilitates  the  decom- 
position of  this  salt :  a  black  glass  is  thus  obtained,  which  is  not 
soluble  in  cold  water,  but  is  almost  completely  dissolved  by  5  or  6 
times  its  weight  of  boiling  water.  Soluble  glass  is  employed  in 
fixing  fresco  colours,  by  the  process  known  as  stereochromy.  The 
ground  employed  in  this  process  for  the  reception  of  the  colour 
consists  of  a  mixture  of  Ume  and  fine  sand,  cemented  by  a  sola- 
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tion  of  soluble  glass.  The  colours^  ground  up  with  water^  are 
then  applied^  and  a  varnish  of  soluble  glass  is  brushed  over  the 
whole.  The  material  best  adapted  to  this  purpose  consists  of  a 
mixture  of  this  soluble  glass  solution  with  about  one-fifth  of  its 
bulk  of  a  solution  of  the  monosilicate^  both  solutions  being  in  a 
concentrated  state  (Fuchs). 

Many  metallic  oxides — such  as  limCj  magnesia,  and  zincic 
oxide,  and  their  salts — are,  as  Kuhlmann  has  shown,  acted  upon 
by  the  solution  of  sodic  silicate ;  calcic  carbonate  and  other  salts 
being  converted  by  it  into  masses  of  great  hardness  and  dura- 
bility ;  double  decomposition  of  the  silicate  and  earthy  salt  oc- 
curring to  a  greater  or  less  extent.  By  a  further  extension  of  this 
principle,  Mr.  Ransome  has'applied  a  solution  of  potassicor  sodic  sili- 
cate to  the  prevention  of  the  decay  of  magnesian  and  other  limcr 
stones  whicfi  are  exposed  to  the  weather :  a  solution  of  the  silicate  is 
brushed  over  the  surface  of  the  stonework,  and  this  is  followed  up 
by  washing  over  the  stone  when  dry  with  a  solution  of  chloride 
of  calcium,  double  decomposition  occurs  within  the  pores  of  the 
stone,  the  soluble  chloride  of  sodium  is  formed,  and  may  be  re- 
moved by  washing,  whilst  the  surface  becomes  converted  into  the 
insoluble  calcic  silicate. 

A  yerj  hard  artificial  saDdstoDe  is  now  also  prepared  by  the  same  gentleman 
by  mixing  sand  with  a  solution  of  calcic  chloride,  pressing  it  in  a  mould  into  the 
desired  form,  and  then  decomposing  the  calcic  salt  by  silicate  of  soda,  added  in 
suitable  proportions ;  the  solution  of  silicate  is  forced  into  the  mass  by  atmospheric 
pressure,  and  the  sodic  chloride  is  then  washed  out,  water  being  also  forced 
through  the  stone  by  atmospheric  pressure. 

A  solution  of  sodic  silicate  as  nearly  neutral  as  possible  is  now 
very  generally  used  as  a  substitute  for  cow-dung  in  preparing 
mordanted  calico  for  dyeing.  This  constitutes  one  of  the  most 
important  applications  of  the  salt.  This  solution  may  be  obtained 
of  a  sp.  gr.  of  1*53.  It  may  be  prepared  either  by  fusing  silica  with 
sodic  carbonate  in  the  proper  proportions,  or  by  digesting  calcined 
flints  under  pressure  in  a  concentrated  solution  of  caustic  soda. 

When  heat  is  applied  to  the  silicates  of  the  alkalies,  they  do 
not  at  once  become  liquid,  but  pass  through  an  intermediate 
viscous  stage :  they  impart  this  viscidity,  and  the  transparency 
which  they  preserve  on  cooling,  to  many  other  silicates  if  they  are 
fused  with  them,  and  they  destroy  the  tendency  to  crystallize  ou 
solidifying  which  the  silicates  of  the  earths  and  of  the  heavy  me- 
tallic oxides  possess.  This  property  is  of  the  highest  importance  to 
mankind,  for  upon  it  depend  the  most  valuable  properties  of  glass 
— ductility,  which  enables  it  to  be  moulded  whilst  in  this  inter- 
mediate state,  and  transparency,  which  renders  it  applicable  to  a 
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mnltitude  of  important  useB.  The  sflicates  of  the  alValien  wit 
unable  alone  to  resist  the  action  of  water  and  other  solvents  snffi- 
eientlj  to  fit  them  for  many  of  the  applications  of  glass;  but  when 
combined  with  silicates  of  the  earths  and  certain  metallic  ozidei^ 
mixtures  may  be  obtained  after  fusion  which  are  no  longer  sokUe 
in  water  or  in  acids. 

Glass. 

(594)  The  composition  of  glass  differs  considerably  with  iLe 
nature  of  the  purposes  to  which  it  is  destined^  but  it  oonsnti 
mainly  of  mixtures^  in  varying  proportions^  of  silicates  of  potassium, 
sodium,  calcium,  barium,  magnesium,  aluminimi,  and  lead,  coloured 
by  the  addition  of  small  quantities  of  different  metallic  oxide% 
particularly  those  of  iron,  manganese,  cobalt,  uranium,  and  goUL 

The  degree  of  fusibility  of  these  different  silicates  varies  conai- 
derably.  The  calcic  and  magnesic  silicates  fuse  with  great  difficulty 
when  heated  per  se :  the  most  fusible  compound  contains  2  atoms  cf 
base  to  3  of  silica,  the  quantity  of  oxygen  in  the  base,  being  to 
that  in  the  silica  as  i  is  to  3.  The  ferrous  sesquisilicate 
aFeO,3Si03,  and  manganous  sesquisilicate,  are  readily  fused,  and 
crystallize  on  cooling.  Plumbic  sesquisilicate  2PbO,3SiO^  is  still 
more  fiisible,  and  on  cooling  forms  a  yellow  transparent  glass. 
On  the  other  hand,  aluminic  disilicate,  Al^O^aSiO,,  is  neaily 
infusible  in  the  furnace.  All  these  silicates,  however,  when  mixed 
with  each  other,  or  with  the  silicates  of  the  alkalies,  melt  at  con- 
siderably lower  temperatures,  the  fusing-point  being  generally, 
much  below  that  of  the  mean  of  the  different  silicates  employed. 
The  calcic  and  aluminic  silicates  are  nearly  infusible  when  sepa- 
rate, but  they  melt  readily  after  they  have  been  mixed  together. 

Many  of  the  properties  of  glass  are  familiar  to  every  one.  It 
is  a  transparent  brittle  solid,  more  or  less  fusible,  and  just  before 
fusion  possessed  of  remarkable  ductility,  a  property  which  enables 
the  workman  to  fashion  it  into  the  numberless  forms  which  luxuiy 
or  convenience  dictates.  The  different  varieties  of  glass  are  not 
to  be  regarded  as  definite  compounds,  but  as  mixtures  of  various 
silicates  in  different  proportions,  with  an  excess  of  silica.  It  is 
generally  found,  however,  in  the  best  kinds  of  glass,  that  the  mix- 
tures are  very  nearly  in  such  proportions  that  but  little  silica 
remaios  in  the  uncombined  form.  The  proportion  of  silica  to  the 
bases  is  most  conveniently  expressed  by  ascertaining  the  propor- 
tion which  the  oxygen  of  the  bases  bears  to  that  of  the  silica. 
The  subjoined  table  gives  the  result  of  some  analyses  of  the  more 
important  kinds  of  glass : — 
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Composition  ofAifftrwd  Varieties  qf  Glass  in  loo  parts. 


Dm 

BotUa. 
Freaoli. 

DM. 

kdow. 

Dumaa.           Bertiuar. 
Plato. 

Bownay. 
Olaaatabe. 
BohaBiiaD. 

Silica 

Win 

Waooh 
■oft. 

Bnfliah. 

Thmuih, 

Venetian. 

53*55 

6965 

6637 

73-85 

68*6 

73*  »3 

Potash...        ... 

548 

•  •• 

... 

6'6o 

t'^ 

11-49 

Soda     

•  •  • 

15*22 

M"33 

"OS 

81 

3*07 

Lime    ...        ... 

29*22 

«3*3i 

11-86 

6-6o 

II'O 

10-43 
0-20 

Magnesia 

... 

.  • . 

•  •  • 

.•• 

2*1 

Alamina 

6*01 

182 

8*16 

3*50 

1*2 

0-30 

Oxide  of  iron  ... 

6*74 

•». 

••• 

... 

0-2 

0-13 

Oxide  of  man- ) 
ganese      ...  ) 

••. 

a.. 

••• 

•  •. 

0*1 

0-46 

Batio   of    the\ 

oxygen  in  the 
bases  to  that 

■ 

I  :  2 

1S4 

2  :  7 

1:6 

155 

1:6 

in  the  silica    . 

Dnmaa. 

Faradaj. 

Sn^Udi 
flint. 

• 

Dnmaa. 

Silica 

Bohemian 
goblet. 

German 

Gninand'a 
optioaL 

Btraaa. 

Itnawal. 

69-4 

628 

5193 

43*5 

38-1 

31-6 

Potash 

11-8 

22-1 

1377 

II-7 

7*9 

8*3 

Lime    ...        ... 

9*2 

I3'5 

... 

0*5 

Alamina 

9-6 

2-0 

047 
3328 

1-8 

i-o 

Oxide  of  lead  ... 

... 

.  • . 

43*5 

53*0 

50-3 

Oxide  of  tin     ... 

... 

..  • 

•  •  • 

... 

... 

9*8 

Oxides  of  iron 
and  manga* 
nese 

_ 

... 

•  a. 

©•37 

... 

Batio    of    the\ 

oxygen  in  the 
bases  to  that 

• 

I  :4 

1:5 

1:6 

1:4 

I!4 

357 

in  the  silica    . 

(595)  Gl^^^M  i^  which  Potassic  and  Calcic  Silicates  preda* 
minate. — ^The  potassic  and  calcic  silicates  are  the  principal  com- 
ponents of  the  celebrated  Bohemian  glass,  including  the  variety 
which  is  employed  in  the  preparation  of  the  hard  glass  of  difficult 
fusibility,  so  much  prized  in  the  laboratory  in  the  tubes  used  for 
the  combustion  of  organic  compounds:  the  composition  of 
this  glass  may  be  represented  approximatively  by  the  formula 
(K20,3SiOg .  CaO,3SiO^),  part  of  the  potassium  having  its  place 
supplied  by  sodium,  and  part  of  the  calcium  by  magnesium, 
aluminum,  and  traces  of  iron  and  manganese.  The  more  fusible 
glass  which  is   employed  in  the  manufacture  of  the  beautifiiL 


4^  BOHEMIAN  GLASS — ^PLATE   GLASS. 

ornamental  objects  for  which  Bohemia  has  long  been  distingiiishfidf 
contains  aluminic  silicatCj  with  potassic  and  calcic  silicatesj  in  a 
proportion  which  approaches  [3(KCa)0,Al,03iaSiOJ.  Tic 
crown  glass  employed  for  optical  purposes  has  nearly  the  formula 
KjO^CaOy^SiO,  (Dumas,  Ann.  de  Chimie,  II.  xliv.  151).  In  the 
last  two  cases  the  proportion  of  oxygen  in  the  bases  to  that  in 
the  silica  is  very  nearly  as  i  :  4. 

In  the  finer  kinds  of  glass,  potash  is  always  employed  in  pre- 
ference to  soda,  because  the  glass  made  from  soda,  however  cars- 
fnlly  the  materials  are  selected,  has  a  bluish-green  tinge,  which  is 
not  observed  when  potash  is  used.  The  potash  glass,  however,  ii 
rather  less  brilliant  than  that  which  contains  soda. 

(596)  Glas8  consisting  of  Sodic  and  Calcic  Silicates, — French 
plate  glass  and  ordinary  window  glass  are  the  most  important 
Varieties  of  this  description.  Plate  glass  is  very  fusible,  althou^ 
the  oxygen  of  the  bases  which  it  contains  amounts  only  to  about 
one-sixth  of  that  of  the  silica.  Soda  produces  a  more  liquid  and 
fusible  compound  than  potash.  The  addition  of  lime  to  glass 
diminishes  its  fusibility  whilst  it  increases  its  lustre  and  hardness 
without  affecting  the  colour.  Care  must  be  taken  not  to  employ 
an  excess  of  lime,  for  it  is  liable  to  render  the  glass  milky- 
looking  on  cooling,  although  it  may  be  perfectly  transparent 
whilst  hot. 

Oreat  care  is  required  in  the  selection  of  the  materials  em- 
ployed in  the  manufacture  of  the  finer  kinds  of  glass.  The  in- 
gredients used  in  the  plate  glass  of  St.  Grobain  consist  of  300 
parts  of  white  quartzose  sand,  100  of  dry  sodic  carbonate,  43  of 
lime,  slaked  by  exposure  to  the  air,  and  300  of  fragments  of 
broken  glass  from  previous  meltings.  The  fuel  employed  in  the 
furnace  is  wood. 

These  materials  are  intimately  mixed,  and  then  melted  in  a 
large,  deep,  conical  crucible,  in  which,  after  they  have  been  com- 
pletely fused,  they  are  allowed  to  stand  at  a  high  temperature 
for  several  hours,  in  order  that  the  impurities'  may  subside. 
Quantities  of  this  mixture  sufficient  for  casting  a  single  sheet 
are  then  removed,  by  means  of  copper  ladles,  into  a  smaller 
square  crucible,  termed  the  cuvette,^  When  the  glass  is 
thoroughly  melted,  the  cuvette  is  removed  from  th^  furnace  by  a 
crane,  and  the  glass  is  cast  by  pouring  it  upon  a  solid  table  of 


*  In  the  Thames  Plate-glass  Works,  the  glass  is  melted  in  the  same  pot  M 
that  from  which  it  is  poured  in  casting.  The  pots  are  cylindrical,  and  the  fuel 
employed  is  ooaL 
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cast-iron ;  along  the  edge  of  this  table  are  ledges  of  metal,  to 
regulate  the  thickness  of  the  sheet  of  glass ;  the  molten  mass  is 
immediately  spread  and  formed  into  a  plate  by  means  of  a  heavy^ 
hoUow,  metallic  roller.  These  sheets  are  next  annealed  by  being 
placed  in  a  heated  oven,  and  allowed  to  cool  very  slowly  down  to 
the  temperature  of  the  air — ^an  operation  which  requires  from  a 
week  to  a  fortnight  for  its  completion.  They  are  then  levelled 
by  cementing  one  plate  with  plaster  of  Paris  upon  a  slab,  and 
causing  a  second  plate  to  move,  by  machinery,  over  the  surfSeu^ 
of  the  first,  the  grinding  material  being  fine  sand  and  water :  a 
level  surface  having  been  thus  obtained,  it  is  smoothed  by  emeiy 
of  gradually  increasing  fineness,  and  the  final  polish  is  given  by 
friction  with  finely  levigated  colcothar  or  ferric  oxide. 

Window  glass  is  made  of  a  mixture  of  loo  parts  of  sand,  with 
from  35  to  40  of  chalk,  30  to  35  of  soda  ash,  and  from  50  to 
150  of  broken  glass,  or  adlet.  An  equivalent  amount  of  the 
cheaper  sodic  sulphate  may  be  substituted  in  this  mixture  for  the 
carbonate,  for  at  a  very  elevated  temperature  the  silica  expels 
the  elements  of  sulphuric  anhydride ;  this  decomposition  may  be 
fisu^ilitated  by  mixing  the  sulphate  with  about  a  tenth  of  its 
weight  of  charcoal ;  the  sulphate  is  thus  reduced  to  a  lower  state 
of  oxidation,  and  the  sulphur  escapes  in  the  form  of  sulphurous 
anhydride  at  a  lower  temperature  than  that  required  to  expel  the 
acid  from  the  sulphate. 

When  sodic  carbonate  is  used,  the  materials  are  first  subjected 
to  a  heat  insufGicient  completely  to  fuse  the  mass,  and  are  fritted 
together,  or  heated  until  they  agglomerate;  moisture  is  thus 
completely  expelled,  and  a  part  of  the  gaseous  carbonic  anhydride 
is  got  rid  of;  the^  frothing  up  of  the  mixture  in  the  subsequent 
fusion,  due  to  the  expulsion  of  the  gas,  is  also  diminished,  and  the 
loss  of  alkali  by  volatilization  is  considerably  lessened.  The 
fritted  mass  is  then  transferred  to  other  pots,  and  the  temperature 
of  the  furnace  is  raised  until  complete  fusion  is  efiected.  The 
mixture,  after  it  has  been  thoroughly  melted,  is  allowed  to  stand, 
in  order  that  the  bubbles  of  air  may  escape,  and  that  the  mass 
may  become  imiform  in  composition:  the  excess  of  sulphate  or 
of  chloride  of  sodium  which  may  have  escaped  decomposition 
•rises  to  the  surface  and  is  skimmed  ofi^,  forming  what  the  manu* 
facturer  terms  glass-gall  or  sandiver.  The  glass  is  then  allowed 
to  cool  until  it  assumes  the  pasty,  tenacious  condition  required 
for  the  manipulations  of  the  glass-blower. 

(597)  Silicates  of  Aluminum,  Calcium,  Iron,  Magnesium,  and 
Sodium  or  Potassium, — The  inferior  descriptions  of  glass  which 
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are  used  for  making  wine-bottleB^  carboys,  and  other  articles  ia 
which  a  dark  colour  is  unimportant,  consist  of  a  mixture  of  theie 
pilicates.  The  materials  employed  are  of  a  coarser  kind  thin 
those  used  in  the  preceding  varieties  of  glass.  A  fermgiiiaas  or 
ochry  sand,  mixed  with  soap-maker's  waste,  are  common  ingre« 
dients.  Mr.  Pellatt  gives  the  following  as  a  composition  em- 
ployed in  making  bottle  glass: — Sand,  loo  measures;  soap- 
maker's  waste,  80 ;  gas-lime,  80 ;  common  clay,  5 ;  and  rock  stlt 
3  measures.  The  ordinary  English  bottles  arc  of  an  oliye-^reeii 
.colour,  produced  by  the  presence  of  magnetic  oxide  of  iron; 
while  some  of  the  Grerman  bottles  are  of  a  pale  brown,  reooltiDg 
from  a  mixture  of  the  oxides  of  iron  and  manganese.  Sometimei 
baric  sulphate  is  added  with  the  view  of  rendering  the  glass  more 
fusible.  Bottle  glass  contains  a  smaller  proportion  of  silica  than 
..any  of  the  preceding  varieties.  One  specimen  analysed  hj 
Dumas,  presented  a  composition  which  would  be  approximatively 
represented  by  the  formula  6[(CaK)0],(AlFe)j03,9SiOg;  whilst 
.in  a  second  specimen  the  composition  would  be  more  nearly  le* 
^presented  by  6[(CaK)0]  .  ii[(AlPe)20s],9SiOj.  The  oxygen  of 
.the  bases,  in  the  first  instance,  is  in  the  proportion  to  that  of  the 
silica  as  I  to  12,  and  in  the  second  case  nearly  as  iz  to  3. 

(598)  Devitrificaiion :  i^^atiifitfr'tf  Ponw/atn.^-Bottle  glass  is  partieulariy 
liable  to  become  devitriSed  by  slow  cooling,  and  to  be  converted  into  what  ji 
termed  Riaumur*s  Porcelain,  In  order  to  produce  this  effect,  the  glass  may 
be  imbedded  in  sand,  or,  still  better,  in  a  mixture  of  gypsum  and  sand,  and 
heated  up  to  a  point  sufficient  to  soften  it,  but  just  short  of  that  required  for  its 
fusion.  If  it  be  now  allowed  to  cool  very  slowly,  it  will  be  found  to  have  en- 
tirely altered  its  aspect  and  properties ;  having  become  opaque  and  milk-white^ 
and  much  resembling  porcelain  in  appearance.  It  is  now  somewhat  less  fhaibk, 
and  less  liable  to  crack  on  the  application  of  sudden  changes  of  temperatnn^ 
and  is  much  harder  than  the  glass  from  which  it  was  procured.  It  is  a  bad 
conductor  of  heat,  but  conducts  electricity  to  a  considerable  extent,  being  oom* 
parable  in  this  respect  to  marble  (Pelouze).  This  alteration  appears  to  be  due  to 
the  partial  separation  of  certain  silicates,  particularly  of  the  calcic,  and  alominie 
silicates,  and  their  assumption  of  a  more  or  less  definite  crystaUine  form.  Thii 
crystallization  is  sometimes  very  beautifully  and  perfectly  exhibited  in  the  resi- 
dues at  the  bottom  of  the  glass-pots,  which  are  allowed  to  cool  down  with  gtest 
sbwness  and  regularity.  Nodules  of  opaque  radiated  crystals  are  there  ofleb 
found  surrounded  by  a  transparent  glass.  A  mass  of  these  opaque  arystals, 
analysed  by  Dumas,  presented  a  compoHition  which  corresponded  with  the  ibr^ 
mula,  i8[(CaNa)0],2(Al,0345SiO^ ;  whilst  the  transparent  glass  from  which  they 
had  separated  contained  3*5  per  cent  less  of  silica,  1*4  less  alumina,  and  a  pro- 
portionately larger  quantity  of  soda. 

The  devitrification  of  glass  has  been  made  the  subject  of  experiment  by 
Pelouze  (Chem,  Oaz,,  Aug.  18^5).  He  finds  that  the  same  sheet  of  glass  may 
be  devitrified,  and  again  rendered  transparent  by  fusion,  many  times  in  saceee- 
•ion.  Glass  of  any  description  may  be  devitrified,  but  the  finer  kinds  of  potash* 
glass  exhibit  this  phenomenon  with  difficulty.  The  throwing  in  of  a  amall  qnan- 
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tity  of  sand,  or  eren  of  powdered  glass,  into  a  pot  after  it  has  cooled  down  to  the 
viscid  condition,  greatly  promotes  the  devitrification  of  the  mass.  The  soluble 
soda-glass  *of  Fochs  (N&fi^iO^  is  especially  liable  to  devitrification  from  crys- 
tallization. 

(599)  Silicates  of  Potassium  and  i^arf.— -The  ordinary  white 
glass  in  use  in  this  conntry,  commonly  known  as  flint  glass  (the 
cristalot  French  wiiters)^  consists  almost  entirely  of  these  silicates. 
Potash  is  used  instead  of  soda  in  the  preparation  pf  flint  glass^  in 
order  to  avoid  the  bluish  tint  which  is  produced  by  soda  in  com- 
bination with  oxide  of  lead.  The  oxide  of  lead  imparts  a  greater 
degree  of  fusibility  and  density^  as  well  as  a  high  refractive  and 
dispersive  power;  in  consequence  of  which  such  glassj  from  its 
superior  brilliancy^  is  better  fitted  for  the  manufacture  of  orna- 
mental articles^  and  from  its  greater  softness  is  more  easily  cut 
and  polished.  Lead  glass  haSj  however^  the  inconvenience  of 
being  readily  scratched^  and  it  is  liable  to  tarnish  and  change 
colour^  especially  if  the  proportion  of  alkali  be  large.  The  alkalies 
corrode  it  slowly^  and  it  becomes  gradually  blackened  when  left 
in  contact  with  solutions  of  the  sulphides.  According  to  Faraday^s 
experiments,  English  flint  glass  contains  one-third  or  more  of  its 
weight  of  oxide  of  lead :  it  may  be  represented  very  nearly  by  the 
formula  (K20,PbO,6Si03).  But  in  a  specimen  from  Newcastle, 
examined  by  Berthier,  the  proportion  of  silicate  of  lead  was 
larger:  this  glass  corresponded  nearly  to  [2KjO,3PbO,i5SiOJ. 
The  composition  of  flint  glass,  however,  is  liable  to  considerable 
variation,  even  in  different  parts  of  the  same  pot,  the  lower  por- 
tions having  generally  a  greater  density  than  those  in  the  upper 
part  of  the  pot.  This  arises  from  the  density  of  the  oxide  of  lead 
being  much  greater  than  that  of  the  other  materials,  so  that  it  is 
extremely  difiGicult  to  preserve  a  uniform  mixture.  Faraday  found, 
for  example,  that  glass  taken  from  the  top  of  pots  not  more  than 
15  cm.,  or  six  inches  deep,  might  have  a  density  of  3*28,  while 
that  from  the  bottom  might  have  a  density  of  3*85 :  in  one  in- 
stance the  glass  at  the  top  had  a  density  of  3*81,  that  at  the 
bottom  of  4*75;  and  though  these  are  extreme  differences,  there 
is  no  doubt  that  considerable  variations  occur  in  every  pot  of  glass 
made  in  the  usual  way.  This  variation  in  the  density  of  the  glass 
occasions  great  inconvenience  in  its  application  to  the  construc- 
tion of  optical  instruments,  owing  to  the  difference  of  its  refract- 
ing power  in  different  portions  of  the  same  mass ;  and  many  en- 
deavours have  been  made  to  overcome  these  defects.  A  lead  glass 
of  still  higher  refracting  power  was  made  by  Guinand,  in  which 
the  proportion  of  lead  was  very  large,  the  formula  being  very 
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nearly  [2K30^3Pb0^ioSiOg]^  the  proportion  of  oxygeii  in  dil 
bases  being  to  that  in  the  silica  as  i  to  4 :  its  specific  granfef 
was  3*6 1.  Faraday  {Phil.  Trans.,  1830^  p.  42)  proposed,  fivi 
similar  purpose^  a  compound  of  plumbic  silicate  and  borate,  tk 
density  of  which  is  5*44 :  this  glass  has  a  pale  lemon-yellow  tint} 
and  consists  of  [3(PbO,Si02)  .3PbO,2BjO,].  Of  late  yean  1 
sincic  borosilicate  has  been  introduced  by  Maez  and  Clemandot 
into  the  glass  used  for  optical  purposes^  with  considerable  saccem. 

Much  of  the  success  in  the  preparation  of  glass  for  optkil 
purposes  depends  upon  the  selection  of  pure  materials,  and  ain 
on  their  complete  incorporation.  The  plan  which  succeeds  best 
in  attaining  the  latter  object  was  introduced  by  Ouinand.  After 
the  fusion  is  complete,  the  melted  glass  is  thoroughly  stirred  with 
a  paddle  of  crucible  clay ;  the  crucible  and  its  contents  are  thea 
allowed  to  cool  down  slowly  in  the  fiimace ;  when  cold,  the  pot 
is  broken,  and  by  means  of  a  wire  and  sand,  kept  wet,  the  matt 
of  glass  is  cut  horizontally  into  slices ;  in  this  way  pieces  of  uni- 
form density  may  generally  be  obtained.  A  good  optical  glan 
may  be  made  from  a  mixture  of  100  parts  of  pure  sand,  ico  of 
minium,  and  30  of  refined  pearlash. 

The  oxide  of  lead  which  is  employed  in  the  manufEtctore  of 
flint  glass  is  not  ordinary  litharge  (897),  but  minium,  or  red  lesd 
(898),  which  is  a  higher  oxide  of  lead,  and  is  prepared  with  cut 
from  pure  lead.  The  proportions  of  the  materials  usually  employe^ 
in  the  manufacture  of  flint  glass  are,  300  of  fine  white  sand,  sudi 
as  that  from  Lynn  on  the  coast  of  Norfolk,  or  from  Fontainebleau, 
aoo  of  minium,  and  100  of  refined  pearlash,  with  about  30  parts  of 
nitre.  In  all  cases  the  selection  of  materials  for  the  melting-pot 
is  of  high  importance.  These  pots  are  best  made  of  an  infiiighV^ 
day,  such  as  that  from  Stourbridge,  which  contains  but  little 
lime  and  iron :  5  parts  of  clay  and  j  part  of  ground  burnt  poti 
are  trodden  into  a  mass  by  the  workman,  and  allowed  to  stand 
for  three  or  four  months :  the  mixture  is  then  carefully  wrought 
into  pots  about  four  inches  (10  cm.)  thick,  great  care  being  taken 
to  exclude  air-bubbles.  The  pots  are  allowed  to  dry  for  several 
months  in  a  warm  room,  after  which  they  are  removed  to  an 
annealing  oven,  where  they  are  raised  very  gradually  to  the  tem- 
perature of  the  furnace.  Flint  glass  is  always  made  in  pots  which 
are  arched  over  at  top,  and  have  an  opening  at  the  upper  part  of 
one  side  for  the  introduction  of  the  charge  and  the  withdrawal  of 
the  glass :  they  are  set  in  the  furnace  in  such  a  manner  as  to 
prevent  the  access  of  smoke  and  combustible  gases  to  the  interior, 
which  would  endanger  the  reduction  of  the  oxide  of  lead  to  the 
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metallic  state.  Plate  glassj  crown  glass^  and  the  other  varieties 
of  glass,  are  made  in  open  crucibles.  The  alumina,  which  is  con- 
tained even  in  the  finest  glass,  is  chiefly  derived  from  the  action 
of  the  vitrified  materials  upon  the  claj  of  the  pots. 

(600)  Coloured  Glasses. — For  the  purpose  of  producing  imita- 
tions of  precious  gems,  a  lead  glass  of  still  higher  refracting  power, 
termed  paste^  or  strass,  is  employed,  the  proportion  of  oxide  of 
lead  exceeding  53  per  cent. ;  the  composition  of  this  substance  is 
very  nearly  represented  by  the  formula  [K20,3PbO,8SiOJ,  the 
proportion  of  oxygen  in  the  bases  being  one-fourth  of  that  present 
in  the  silica.  A  little  borax  is  often  added  to  this  glass  to  in- 
crease its  fusibility.  Glass  of  this  description,  when  properly  cut, 
is  employed  to  imitate  the  diamond.  The  yellow  colour  of  topaz 
is  given  to  the  strass  by  the  addition  of  about  i  per  cent,  of 
ferric  oxide,  or  by  a  mixture  of  4  per  cent,  of  antimonious  oxide 
with  a  minute  proportion  (ci  per  cent.)  of  purple  of  Cassius. 
The  brilliant  blue  of  sapphire  is  imitated  by  adding  a  small  quan- 
tity of  cobalt  oxide. 

It  is,  indeed,  a  property  of  glass  to  dissolve  small  quantities 
of  many  of  the  metallic  oxides  without  losing  its  transparency ; 
but  the  glass  becomes  coloured  with  more  or  less  intensity,  and 
with  different  hues,  according  to  the  nature  of  the  metallic  oxide 
employed.  Ferrous  oxide  appears  to  pass  into  the  condition  of 
magnetic  oxide,  which  even  in  small  quantities,  communicates 
colours  which  vary  from  a  pale  green  to  a  deep  bottle-green, 
according  to  the  proportion  in  which  it  is  present :  ferric  oxide, 
on  the  contrary,  has  but  feeble  colouring  power,  unless  present 
in  considerable  quantity,  when  it  produces  a  yellow  colour ;  man- 
ganous  oxide  is  nearly  colourless,  but  the  sesquioxide  communi- 
cates a  violet  tint  to  the  glass.  Advantage  is  taken  of  the  know- 
ledge of  these  facts  in  preparing  colourless  glass  :  ferrous  oxide, 
in  minute  quantity,  is  a  frequent  impurity  in  the  materials  used, 
and  it  produces  the  green  tinge  often  observed  in  ordinary  glass : 
a  minute  quantity  of  black  oxide  of  manganese  corrects  this ;  it 
imparts  oxygen  to  the  magnetic  oxide  of  iron,  which  thus  be- 
comes converted  into  the  colourless  sesquioxide,  whilst  the  manga- 
nese itself  being  reduced  to  the  state  of  protoxide  exerts  no  inju- 
rious colouring  effect.  A  little  nitre  or  arsenious  anhydride  is 
sometimes  added  to  glass  instead  of  oxide  of  manganese,  with  a 
similar  effect  in  converting  the  iron  into  sesquioxide.  The  man- 
ganese is,  however,  the  more  effectual  agent;  this  may  arise,  as 
Liebig  suggests,  from  the  circumstance  that  the  colours  produced 
by  the  iron  and  mangares3  are  each  complementary  to  the  other. 

II.  F   F 
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Chromic  oxide  imparts  an  emerald-green  tinge  to  glass ;  cdbslft 
oxide  a  deep  blue.  A  mixture  of  the  oxides  of  cobalt  anl 
manganese  gives  a  black  glass ;  cupric  oxide  (CuO)  prodnoes  a 
green;  cupreous  oxide  (Cu^O)  an  intense  ruby  red;  whilst  thi 
sparkling  appearance  of  avanturine  is  due  to  the  disseminatioii  of 
tetrahedral  crystals  of  reduced  metallic  copper  through  the  matt. 
Uranic  oxide  communicates  to  the  glass  a  peculiar  opalesoeiit 
yellow ;  different  shades  of  yellow  are  also  produced  by  oxides 
of  silver  and  antimony,  and  by  finely  divided  charcoal ;  and  a 
compotmd  of  gold  with  oxide  of  tin  (purple  of  Cassius)  gives  a 
magnificent  ruby  glass. 

Sometimes  glass  ii  fiashedy  or  superficially  coated  with  the 
coloured  portion.  A  mass  of  colourless  glass  is  in  this  case  taken 
by  the  workman  upon  the  end  of  his  blowing  tube^  and  then 
dipped  into  a  pot  of  the  coloured  glass — ^ruby^  blue,  or  opal,  as 
the  case  may  be ;  on  blowing  out  the  lump  of  glass,  a  Teasel  is 
obtained  the  exterior  layer  of  which  is  coloured,  whilst  the  inner 
layer  consists  of  colourless  glass. 

Painting  on  glass  is  effected  by  means  of  a  very  fusible  glass, 
which  when  melted  gives  the  required  tint ;  this  glass  is  reduced 
to  a  very  fine  powder,  and  worked  up  with  turpentine  into  a  pigi- 
ment :  it  is  then  applied  with  a  pencil  to  the  surface  of  a  sheet  of 
ordinary  glass.  The  painted  glass  is  afterwards  subjected  to  a 
heat  which  is  sufficient  to  melt  the  coloured  glass,  but  is  not 
intense  enough  to  soften  the  glass  to  which  it  is  applied. 

Enamel  if  the  term  given  to  an  easily  fusible  glass,  through  which  10  dis- 
seminated an  opaque  white  sabstance  infnsiUe  at  the  temperature  einpioj«d« 
sach  for  example  as  the  stannic  oxide ;  a  metallic  ash  is  prepared  by  «^W«ii»g 
at  a  low  red  heat  a  mixture  of  i  part  of  tin  with  from  1  to  6  parts  of  lead* 
in  a  flat  cast-iron  vessel ;  the  ash  so  obtained  is  mixed  with  sand  and  alkali,  the 
proportions  of  which  may  vary  considerably.  In  one  recipe  for  the  praptiih 
tion  of  enamel  given  by  Knapp,  the  ashes  of  4  parts  of  tin  and  10  of  lead  an 
directed  to  be  ground  up  with  10  parts  of  powdered  quartz  and  2  of  pare 
ash.  Other  opaque  bodies  may  be  substituted  for  the  stannic  oxide  in  the 
paration  of  enamel :  in  this  manner  bone-ash,  antimonious  oxide,  and  even 
OUB  anhydride,  are  sometimes  employed  to  produce  the  opacity  required.  The 
enamel  may  be  tinged  of  any  desired  colour  by  the  suitaUe  addition  of  metsllio 
oxides.  The  enamel  is  applied  with  a  brush  to  the  surface  to  which  it  is  to  bs 
attached,  and  is  then  fused  by  exposure  to  heat. 

A  modification  of  glass  resembling  enamel  has  been  used  to  glaze  cast-iroB 
pots,  as  a  substitute  for  tinning.  It  consists  of  powdered  flints  ground  with  eil* 
eined  borax,  fine  clay,  and  a  little  felspar.  This  mixture  is  made  into  a  pssli 
with  water,  and  brushed  over  the  pots,  after  they  have  been  scoured  with  diluttd 
sulphuric  acid  and  well  rinsed  in  water ;  while  they  are  still  moist,  they  are  dusted 
over  with  a  glaze  composed  of  felspar,  soda-ash,  borax,  and  a  little  stannic  oxide. 
Having  been  thus  prepared,  the  pots  are  next  carefully  dried,  and  finally  theglaM 
is  fused  or  Jired  under  a  muflle  at  a  bright  red  heat.     Plumbic  oxide,  though  it 
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increaaes  the  funbility  of  tiie  gUn,  should  be  oarefolly  avoided,  £sr  it  does  not 
resiBt  the  action  of  aoida  in  culinary  operations. 

(6oi)  Properiie$  of  Glass. — ^Well-made  glass  is  unacted  upon 
by  any  acid  or  mixture  of  acids  except  the  hydrofluoric^  which 
destroys  it  by  combining  with  its  silica.  But  it  is  not  absolutely 
insoluble,  though  it  is  generally  considered  to  be  capable  of  with- 
standing the  action  of  water.  J£  glass  be  powdered  and  moistened 
with  water,  the  liquid  will  dissolve  a  small  quantity  of  alkali^ 
sufficient  to  turn  turmeric-paper  brown.  Most  varieties  of  pow- 
dered glass  when  exposed  for  some  time  to  the  air,  were  found  by 
Pelouze  to  absorb  carbonic  acid  in  quantity  sufficient  to  effervesce 
when  treated  with  an  acid,  particularly  if  they  had  been  kept 
moistened  with  water.  If  left  long  in  water,  or  buried  in  moist 
earth,  many  kinds  of  glass  become  disintegrated  slowly,  and  scale 
off  in  flakes  which  exhibit  the  brilliant  colours  of  Newton^s 
rings  (ii6).  This  is  particularly  the  case  with  the  coarse  glass 
used  for  wine  bottles.  Faraday  found  that  some  inferior  kinds 
of  bottle  glass  were  destroyed  rapidly  by  the  action  of  diluted 
sulphuric  acid. 

At  a  high  temperature  water  gradually  decomposes  glass; 
pieces  of  plate  and  window  glass  were  suspended  by  Turner  in 
the  steam  of  a  high-pressure  boiler,  and  in  the  course  of  four 
months,  specimens  of  plate  glass  one-fifth  of  an  inch  (5°™*) 
thick  were  completely  decomposed ;  and  Faraday  found  that  flint 
glass,  under  similar  circumstances,  was  still  more  rapidly  acted 
upon. 

If  glass  be  suddenly  cooled  after  fusion,  it  becomes  extremely 
brittle.  When  drops  of  melted  glass  are  allowed  to  fall  into  water, 
they  solidify  in  pear-shaped  masses,  which  may  be  subjected  with- 
out breaking  to  considerable  pressure,  if  gradually  applied ;  but 
if  the  tail  of  one  of  the  drops,  known  as  Ruperfs  drops,  be  sud- 
denly nipped  off,  the  glass  flies  to  pieces  with  a  kind  of  explosion, 
and  \&  shattered  to  powder.  This  effect  appears  to  be  due  to  the 
unequal  tension  to  which  the  particles  composing  the  drop  are 
subjected,  owing  to  the  sudden  cooling  of  the  outer  surface  of  the 
glass,  while  the  interior  is  still  dilated :  as  the  mass  cools,  the  par- 
ticles within,  by  adhesion  to  the  external  solid  portion,  are  still 
kept  in  their  dilated  state ;  but  a  very  slight  disturbance  of  their 
relative  position  suffices  to  overcome  their  equilibrium,  and  when 
once  the  mass  gives  way  at  any  one  point,  the  cohesion  of  the 
whole  is  suddenly  destroyed. 

Similar  changes  occur  if  glass  articles  are  allowed  to  cool 
rapidly  by  exposing  them  whilst  red  hot  to  the  external  air.  Glass' 
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objects  of  various  descriptions,  if  their  surface  be  but  scratcliedy 
or  if  they  be  brought  suddenly  from  a  cold  room  into  a  warm  one, 
will  often  crack  and  fall  to  pieces.  In  order  to  prevent  this  mis- 
hap, it  is  necessary  to  subject  the  different  articles,  after  they  haie 
received  their  destined  shape  at  the  hands  of  the  workman^  to  the 
operation  of  annealing,  which  is  a  very  slow  and  gradual  prooeM 
of  cooling,  by  which  the  parts  are  enabled  to  assume  their  natnnl 
position  with  regard  to  each  other.  Even  then,  since  glan  dilates 
considerably  on  the  application  of  heat,  and  is  likewise  a  bad  con- 
ductor, a  sudden  and'  incautious  elevation  of  temperature,  such  as 
that  occasioned  by  pouring  boiling  water  into  a  cold  glan,  often 
determines  its  fracture.  Care  is  required  during  the  pirocess  of 
annealing,  especially  with  the  coarser  kinds  of  glass,  not  to  nuse 
the  temperature  too  high ;  as  otherwise  devitrification  to  a  greater 
or  less  extent  would  be  liable  to  ensue. 

(602)  Characters  op  the  Salts  of  Sodium. — ^We  have  no  good 
direct  test  for  the  salts  of  this  metal,  as  it  forms  scarcely  any 
insoluble  compounds.  Its  most  insoluble  salt  is  what  Fremy  has 
termed  sodic  bimetantimoniate  (853),  which  is  deposited  in  trans- 
parent octohedra  when  a  solution  of  freshly  prepared  jM>/a#Wc  bimd* 
aniimoniate  is  added  to  a  neutral  solution  containing  sodium,  po- 
vided  that  the  liquid  has  been  previously  freed  from  all  bases  except 
the  alkalies:  t  part  of  sodium  in  10,000  of  water  will  produce  a  pre- 
cipitate with  this  test  after  twenty-four  hours.  In  analysis,  a  salt 
of  sodium  is  concluded  to  be  present  when  the  absence  of  every 
other  metal  has  been  proved,  and  yet  a  saline  residue  remains, 
which,  with  platinic  chloride,  gives  yellow  striated  prismatic  crys- 
tals (2NaCl,PtC1^6HgO)  by  spontaneous  evaporation.  Andrews 
[Chem,  Gaz.  x.  378)  has  pointed  out  a  property  of  this  salt  which 
admits  of  its  identification  in  extremely  minute  quantities  ;  a  drop 
of  the  solution  suspected  to  contain  sodium  is  mixed  with  a  minute 
quantity  of  a  solution  of  platinic  chloride,  and  allowed  to  evapo- 
rate in  a  warm  place ;  if,  before  it  is  quite  dry,  if  be  placed  in  the 
field  of  the  microscope,  and  examined  by  means  of  polarized  light, 
minute  crystals  of  the  sodio-platinic  chloride  will  be  distinguished 
from  the  other  salts  with  which  they  are  accompanied,  by  their 
power  of  transmitting  the  polarized  light,  tinged  with  variom 
colours,  according  to  the  thickness  of  the  crystals.  Before  the 
blowpipe  the  salts  of  sodium  are  known  by  the  intense  yellow 
which  they  communicate  to  the  outer  flame,  if  a  fragment  be  in- 
troduced at  the  point  of  the  blue  cone  upon  a  loop  of  platinum 
wire ;  and  this  flame,  if  examined  by  the  spectroscope,  is  seen  to 
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consist  of  a  pure  yellow  light  exactly  coincident  in  position  with 
Fraunhofer's  double  line  d  in  the  solar  spectrum^  fig.  83,  Na^ 
Part  I.  p.  180. 

The  salts  of  sodium  are  in  general  more  soluble  than  those  of 
potassium ;  the  sulphates  of  the  two  metals  afford  a  striking  in- 
stance of  this  difference :  the  sodium  salts  also  often  effloresce  when 
exposed  to  the  air^  whilst  those  of  potassium,  on  the  other  hand, 
frequently  deliquesce,  a  fact  well  exemplified  by  the  carbonates  of 
the  two  metals. 

§  III.  Lithium:  (L=7)  ;  8p.  Gr.  0*5936;  Fustng-pt.  356® 

(180^  C). 

(603)  Lithium,  the  metallic  base  of  the  third  of  the  alkalies, 
is  of  comparatively  recent  discovery,  and  derives  its  name  firom 
\lOoq  (a  stone),  as  it  was  at  first  found  only  in  the  mineral  king- 
dom. It  was  supposed  to  be  a  very  rare  substance,  but  Bunsen 
and  Kirchhoff  have  shown,  by  means  of  the  method  of  spectrum 
analysis,  that  though  sparingly  it  is  widely  distributed  ;  they  found 
it  in  many  micas  and  felspars,  in  the  ash  of  tobacco  of  many  kinds, 
and  in  several  mineral  springs.  The  minerals  of  most  frequent  oc- 
currence which  contain  lithium  are  the  three  which  follow  j  they 
yield  this  alkali  in  proportion  varying  firom  3  to  6  per  cent,  of 
their  weight : — 

Lepidolite,  or  lithia  mica  [(LK)F],(A],0,,3Si02)  P 

Triphane,  or  spodamene  3(LNa)sO,4AJ,Opi5SiO, 

Petalite 3(LNa),O^AI,0„3oSiO^ 

Metallic  litbiam  is  easily  reduced  from  its  fused  chloride  by  means  of  an  electric 
current  obtained  from  four  or  six  pairs  of  tbe  nitric  acid  battery.  The  metal  is 
of  a  white  colour,  and  is  fuiiible  at  ^<^6^  (180^  C).  It  is  harder  than  potassium, 
bat  softer  than  lead,  and  admits  of  being  welded  by  pressure  at  ordinary  tempera- 
tures ;  it  can  be  squeezed  into  wire,  which,  however,  is  inferior  ill  tenacity  to 
lead  wire  of  the  same  dimensions.  Lithium  appears  to  be  the  lightest  solid 
body  known ;  it  floats  in  naphtha,  and  has  a  density  of  only  0'^g^6,  At  high 
temperatures  it  is  volatile,  and  may  be  distilled  at  a  full  red  heat  in  a  current 
of  hydrogen.  It  cannot,  however,  be  obtained  by  processes  similar  to  those  em- 
ployed for  potassium  and  sodium.  A  fragment  of  lithium  bums  upon  a  plate 
of  mica  with  a  very  brilliant  white  light,  emitting  a  heat  sufficiently  intense  to 
melt  a  hole  in  the  mica ;  when  thrown  upon  water  it  swims  and  becomes  oxi- 
dized, like  sodium.  K  thrown  into  sulphuric  or  into  nitric  acid  it  usually  takes 
fire. 

(604)  Lithia  (L30=3o)  was  discovered  by  Arfwedson,  in  1818. 

It  may  be  extracted  by  carefully  levigating  the  minerals  that  con- 
tain it^  and  igniting  the  fine  powder  with  twice  its  weight  of 
quicklime.  The  mass  is  treated  with  hydrochloric  acid^  then  with 
sulphuric  acid^  and  the  lithic  sidphate  is  dissolved  out  from  the 
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calcic  sulpliate ;  the  last  traces  of  calcium  are  removed  firam  die 

solution  of  lithic   sulphate  by  ammonic  oxalate.     This  acdotiat 

may  then  be  deprived  of  sulphuric  acid^  and  converted  into  canstk 

lithia  by  the  addition  of  baryta  water ;  the  solution  on  eyapofa- 

tion  yields  lithic  hydrate  (LHO). 

Trooet  {Ann.  de  Chimie,  IIL  li  103)  oonsiders  it  to  be  more  advantegeiMi 
to  melt  10  parte  of  powdered  lepidolite  with  10  of  baric  carbonate*  5  of  fam 
sulphate,  and  3  of  potassic  sulphate.  The  fused  mass  separaiea  into  two  pn^ 
tioDs,  a  heavy  transparent  glass  and  a  supernatant  wbite  slag ;  this  white  bsb 
consists  of  a  mixture  of  the  sulphates  of  barium,  potassium,  and  litfaiam,  ad 
contains  nearly  all  the  lithium.  The  sulphates  of  the  alkali-metals  are  aeparafad 
from  that  of  barium  by  washing,  and  a  portion  of  the  potassic  anlphats  is  re- 
moved by  crystallization.  The  remaining  potassic  and  lithic  sulphates  may  be 
converted  into  chlorides  by  the  addition  of  baric  chloride,  and  the  two  chloridei 
separated  by  evaporating  to  dryness  and  digesting  them  in  a  mixtore  of  equil 
parts  of  alcohol  and  ether,  which  dissolves  the  lithic  chloride  only. 

Lithic  hydrate  (LHO)  fuses  easily  below  redness^  and  cor- 
rodes platinum  vessels  powerfully :  silver  capsules  should  there- 
fore always  be  used  in  preparing  it.  This  action  upon  platinum 
is  one  of  the  best  indications  of  the  presence  of  lithium.  It 
appears  to  be  due  to  the  formation  of  an  unstable  peroxide  0/ 
lithium,  which  imparts  its  oxygen  rapidly  to  the  platinum. 

(605)  Lithic  chloride,  or  Chloride  of  lithium  (LCl^aH^O 
=42*5  +  36),  is  fusible  at  a  dull  red  heat :  it  crystallizes  at  tem- 
peratures above  59®  (15®  C.)  in  anhydrous  octohedra;  but  below 
50*^  (10°  C.)  in  square  prisms  with  ^H^O :  it  is  one  of  the  most 
deliquescent  salts  known.  If  its  aqueous  solution  be  evaporated 
at  a  high  temperature,  it  loses  a  portion  of  its  chlorine,  whilst 
lithia  is  formed.  Lithic  chloride  is  very  soluble  in  alcohol,  and 
in  a  mixture  of  equal  parts  of  alcohol  and  ether ;  as  this  mixture 
does  not  dissolve  the  chlorides  of  sodium  and  potassium,  it  may 
be  used  to  separate  chloride  of  lithium  from  these  salts.  I  have 
found  this' chloride  abundantly  in  a  hot  saline  spring  in  Clifford 
United  Mines,  in  Cornwall,  where  it  occurs  to  the  extent  of  26 
grains  in  the  gallon,  accompanied  by  a  very  large  proportion 
of  the  chlorides  of  sodium  and  calcium,  and  a  small  amount  of 
csesic  chloride. 

Lithic  sulphate,  or  Sulphate  of  lithium  (L2SO^H30=iio 
-I-18;  Sp.  Gr.  2*02),  crystallizes  in  flat  tables,  which  are  very 
soluble  in  water.  There  appears  to  be  no  acid  sulphate  of 
lithium,  though  a  potassio-lithic  sulphate  may  be  formed,  con- 
sisting of  LKSO^. 

Trilithic  pfiosphate,  or  Phosphate  of  Uihium  (LjPO^^iid)^  is 
one  of  the  most  characteristic  salts  of  this  alkali :  it  is  insoluble 
in  water  containing  phosphates  of  the  alkalies,  and  in  alkaline 
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solutions,  but  very  soluble  in  acids  even  wben  very  dilute.  In  order 
to  prepare  it^  caustic  soda  is  added  to  the  solution  of  a  pure  salt 
of  lithium  till  it  has  an  alkaline  reaction ;  hydro-disodic  phos- 
phate is  added;  the  liquid  is  then  boiled,  and  left  for  at  least 
la  hours.  A  hea^y  granular  crystalline  deposit  of  trilithic  phos- 
phate  gradually  occurs.  This  salt  fuses  with  sodic  carbonate  to  a 
glass  which  is  transparent  while  hot,  but  becomes  opaque  on 
cooling ;  the  transparency  of  the  hot  bead  furnishes  a  distinction 
between  trilithic  phosphate  and  the  phosphates  of  the  earths, 
which  furnish  an  opaque  bead  both  when  hot  and  when  cold. 
The  salt  supposed  by  Berzelius  to  be  a  sodio-lithic  phosphate, 
appears  to  have  been  a  mixture,  and  not  a  definite  compound. 

Lithic  carbonate^  or  Carbonate  of  lithium  (L3C03==74),  is 
only  sparingly  soluble  in  water,  but  is  rather  more  soluble  in  a 
solution  of  carbonic  acid :  it  has  an  alkaline  reaction  upon 
turmeric.  At  a  dull  red  heat  it  melts  into  a  white  enamel,  and 
by  prolonged  ignition  loses  a  large  portion  of  its  carbonic  acid. 

Charactsbs  of  the  Salts  of  Lithium. — Grenerally  speaking 
the  salts  of  lithium  are  remarkably  fusible ;  many  of  them  are 
very  deliquescent.  They  have  a  burning  saline  taste,  and  are 
distinguished  by  yielding  a  white  precipitate  of  lithic  carbonate 
in  cold  concentrated  solutions  with  potassic  carbonate,  but  the 
precipitate  disappears  on  adding  water  and  applying  heat ;  this 
reaction  is  less  delicate  when  salts  of  ammonium  are  present. 
On  the  addition  of  hydro-disodic  phosphate  to  solutions  which  are 
neutral  or  alkaline,  trilithic  phosphate  is  formed ;  it  is  soluble  in 
the  acids  and  in  solutions  of  salts  of  ammonium.  Before  the 
blowpipe  the  salts  of  lithium  commimicate  a  purplish  red  colour 
to  the  flame,  which  is  masked  by  the  presence  of  salts  of  sodium 
in  very  small  proportion.  By  means  of  the  spectroscope  the 
occurrence  of  very  minute  traces  of  lithium  may  be  discovered  by 
a  brilliant  crimson  band,  which  has  a  refirangibility  between  that 
of  the  lines  b  and  c  of  the  solar  spectrum.  At  very  high  tem- 
peratures a  faint  band  in  the  orange  may  sometimes  be  seen. 
In  these  two  lines  the  whole  light  of  the  lithium  spectrum  is  con- 
tained when  formed  by  the  gas-flame  of  Bunsen's  gas-burner, 
(^g*  ^3)*  When  lithium  salts  are  heated  on  platinum  foil  they 
corrode  it  rapidly. 

§  IV.  Rubidium  :  (Rb=85-36.)     Sp.  Gr.  1-52  ;  Fusing^t. 

ioi^-3  (38^-5  C). 

(606)  Rubidium  derives  it  name  from  nUndus   (dark  red), 
because  the  spectra  of  its  salts^  when  volatilized  in  the  colourless 
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flame  of  a  Bimsen  gas-burner,  exUbit  a  remarkable  pair  of  red 
lines,  less  refrangible  than  Fraunhofer's  line  a  (Part  I.  fig.  83, 
Rb,  p.  180).  Rubidium  was  discovered  in  i860  by  Bunaen  and 
Kirehboff  during  their  investigations  on  the  spectra  of  artificial 
flames  (Idebig's  Annal.  cxix.  107,  and  cxxiL  347).  It  is  usually 
present  in  small  quantity  in  lepidolite,  and  traces  of  it  occur  in 
many  of  the  mineral  spring  of  Germany.  It  has  aLso  been 
found  by  Grandeau  {Ann.  de  Chimie,  III.  Ixvii.  155)  in  minute 
quantity  in  beet-root,  in  tobacco,  and  in  the  asshes  of  a  great 
variety  of  plants,  being,  though  sparingly,  yet  very  widely  dis- 
tributed. The  separation  of  rubidium  fix>m  other  metals  is 
founded  upon  the  sparing  solubility  of  the  chloride  of  rubidium 
and  platinum,  by  a  method  which  will  be  described  when  speak- 
ing of  the  extraction  of  caesium  (608). 

Metallic  rabidium  was  extracted  by  BiiDsen  from  the  charred  acid  tartrate, 
70  grammes  of  which  when  distiUed  furnished  about  5  grammes  of  a  brilliant 
silver-white  metallic  mass.  It  tarnishes  rapidly  on  exposure  to  the  air,  becoming 
coated  with  a  blue  suboxide ;  in  a  few  moments  it  takes  fire  spontaneously.  At 
14**  (-10^  C.)  it  is  sofl,  like  wax;  at  ioi*''3  (38^*5  C.)  it  melts ;  and  at  a  heit 
below  redness  it  furnishes  a  blue  vapour  with  a  shade  of  green.  Balndiom 
if  decidedly  more  electropositive  than  potassium :  when  thrown  upon  water  it 
takes  fire  and  bums  with  a  flame  in  appearance  exactly  resembling  that  of 
potassium. 

(607)  Bubidia  (Rh fi=  1867)  is  a  powerful  alkaline  base  which  may  be 
obtained  from  the  carbonate  or  sulphate  in  the  form  of  hydrate  (RbHO==  102*3) 
by  processes  resembling  those  adopted  for  potassic  hydrate.  It  is  very  deliques- 
cent, is  soluble  in  alcohol,  and  absorbs  carbonic  acid  with  avidity. 

Rubidic  chloride^  or  Chloride  of  rubidium  (RbCl=  120*8),  crys- 
tallizes with  difficulty  in  cubes ;  it  is  easily  fusible^  and  is  more 
soluble  than  potassic  chloride,  but  is  permanent  in  the  air.  With 
platinic  chloride  it  forms  a  sparingly  soluble  double  chloride 
(aRbCl,PtClJ  which  requires  185  times  its  weight  of  boiling 
water  for  its  solution.  If  fiised  rubidic  chloride  is  submitted  to 
electrolysis^  the  reduced  metal  is  dissolved  by  the  chloride  and 

forms  a  smalt-blue  subchloride. 

Rubidic  sulphate  (Rb^SO^  =  2667)  crystallizes  in  hard,  brilliant  anhydrous 
prisms,  isomorphous  with  those  of  potassic  sulphate,  but  it  is  much  more  solabls 
than  this  salt.  A  true  rubidium  alum  may  be  obtained  in  octohedral  crystala  bj 
allowing  a  mixture  of  rubidic  with  alnminic  sulphate  to  evaporate  spontaneously. 
An  acid  sulphate  of  rubidium  (RbHSOJ  is  also  known. 

Rubidic  nitrate  (RbNO,=  147*3)  is  a  very  soluble  salt  requiring  a*3  parts 
of  water  at  50^  (10°  C.)  for  its  solution.  It  crystallizes  in  dihexagonal  prismSt 
terminated  by  dihexagonal  pyramids. 

Rubidic  carbonate  (Rb5jC03=230*7)  is  a  deliquescent  salt 
which  may  be  obtained  with  difficulty  in  crystals  with  H^O.  It 
absorbs  carbonic  acid  with  avidity  and  furnishes  a  hydro-rubidie 
carbonate,  or  bicarbonate  (RbHCOj)  which  crystallizes  in  brilliant 
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prisms  tliat  are  permanent  in  the  air  and  insoluble  in  alcohoL 
When  heated  they  are  converted  into  the  normal  carbonate^  which 
by  further  elevation  of  temperature  fuses  easily. 

Charactebs  of  the  Rubidium  Salts. — The  salts  of  rubidium 
are  distinguished  from  those  of  potassium  with  difficulty.  The 
rubidio-platinic  chloride  is  the  most  characteristic :  by  its  sparing 
solubility  in  boiling  water^  it  may  be  separated  from  the  potassium 
salt^  which  is  soluble  in  one-eighth  of  the  quantity  of  water  re- 
quired for  solution  of  an  equal  weight  of  the  rubidium  salt.  The 
most  certain  test  is  the  appearance  of  the  flame  in  the  spectroscope, 
which  exhibits  two  characteristic  lines  in  the  red,  less  refrangible 
than  that  of  potassium,  and  two  lines  in  the  blue,  intermediate 
between  those  of  caesium  and  potassium. 

§  V.  Cjesium:  Cs=i33. 

(608)  This  metal  derives  its  name  from  ctesius,  sky-blue,  in 
allusion  to  the  two  brilliant  blue  bands  produced  by  it  in  the 
spectrum  of  a  gas-flame  in  which  its  compounds  are  undergoing 
volatilization.  It  was  discovered  by  Bunsen  and  Kirchhoff  at  the 
same  time  as  rubidium  [Pogg.  AnnaL  cxiii.  337),  which  indeed 
it  usually  accompanies  in  very  small  quantity.  Caesium  was 
originally  discovered  amongst  the  saline  constituents  of  the 
Durkheim  spring,  the  water  of  which  contains  about  one  five- 
millionth  of  its  weight  of  a  salt  of  caesium,  or  about  i  grain  in 
140  gallons.  Ordinary  lepidolite  contains  only  traces;  but  a 
variety  of  this  mineral  from  Hebron,  in  the  State  of  Maine,  N. A., 
was  found,  by  Johnson  and  Allen,  to  yield  0*24  per  cent,  of  the 
metal.  Still  more  recently,  Pisani  has  found  caesium  to  the 
extent  of  32  per  cent,  in  a  rare  mineral  named  pollux,  analogous 
to  analcime,  obtained  from  the  island  of  Elba  {Comptes  Rendus, 
18  April,  1864). 

Bottger,  in  examining  the  salt  obtained  by  evaporating  down 
the  mother-liquor  of  the  Nauheim  spring,  discovered  in  it  caesium, 
rubidium,  and  thallium.  He,  indeed,  recommends  it  as  the 
cheapest  source  of  the  two  new  alkali-metals ;  they  exist  in  the 
spring  in  the  form  of  chlorides. 

In  order  to  obtain  the  compounds  of  caesium,  advantage  is 
taken  of  the  insolubility  of  the  caesio-platinic  chloride,  which  is 
little  more  than  half  as  soluble  in  boiling  water  as  the  corre- 
sponding salt  of  rubidium.  The  mixture  which  contains  the 
rubidium  and  caesium  is  freed  from  compounds  of  the  earths  and 
other  metals  by  the  ordinary  methods,  and  the  residue,  which 
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contams  salts  of  the  alkalies  only^  is  mixed  with  a  aohitioa  of 
platinic  chloride^  which  if  added  in  excess  precipitates  nearly  the 
whole  of  the  rubidium  and  csesium^  together  with  a  laige  pro- 
portion of  potassium.  By  continued  boilings  of  the  precipitate 
with  small  quantities  of  water,  repeated  eighteen  or  twenty  times 
in  succession,  so  long  as  the  washings  have  a  yellow  coloiir,  the 
potassium  salt  is  removed.  The  platinum  salt  is  reduced  by 
heating  it  in  a  current  of  hydrogen.  The  mixed  rabidic  and 
csesic  chlorides  are  dissolved  out  by  water,  and  converted  into 
sulphates  by  heating  them  with  an  excess  of  sulphuric  acid^  which 
is  expelled  by  ignition.  On  adding  pure  baryta  water  to  the 
solution  of  the  sulphates,  the  alkalies  are  obtained  in  the  caustic 
state,  and  may  then  easily  be  converted  into  carbonates,  either  by 
carbonic  acid  or  ammonic  carbonate.  Once  more  the  solution 
of  the  mixed  carbonates  is  evaporated  to  complete  dryness, 
and  treated  with  boiling  absolute  alcohol,  which  dissolves  out 
csesic  carbonate,  and  leaves  the  rubidic  carbonate.  On  evapora- 
tion of  the  alcoholic  solution  a  tolerably  pure  csesic  carbonate  ii 
obtained. 

The  best  plan  of  separating  cesium  from  mbidium,  according  to  AUen  and 
Johnson,  consists  in  taking  advantage  of  the  inferior  solnbilitj  of  the  hydro- 
rubidic  tartrate  (RbHC^H^OJ.  The  mixed  carbonates  are  to  be  neutralized  with 
tartaric  acid,  and  then  a  quantity  of  the  acid  is  added  equal  to  that  reqnhed  fiv 
converting  the  rubidium  into  the  acid  tartrate,  leaving  the  csesium  in  the  aolotioa 
as  normal  tartrate,  which  is  deliquescent  The  solution  is  concentrated  by  etwfO' 
ration  until  it  is  nearly  saturated  at  the  boiling-point.  The  rubidium  «dt  crys- 
tallizes out  on  cooling,  and  may  be  purified  by  recrjstallization.  This  acid  tartrate 
(RbHC^H^O,)  requires  8*5  parts  of  boiling  and  94  parts  of  water  at  77® 
(25°  C.)  for  its  solution.  The  acid  csesium  salt  is  soluble  in  its  own  weight 
of  boiling  water,  and  in  10  parts  of  water  at  77°  (25°  C.)>  and  the  normal  salt  ii 
deliquescent.     (Bunsen,  Poyy.  Annal,  cxiz.  i.) 

An  amalgam  of  csesium  may  be  procured  by  submitting  a  solution  of  the 
chloride  to  electrolysis,  employing  a  globule  of  mercury  for  the  negative  electrode. 
This  amalgam  is  even  more  electropositive  than  that  of  rubidium,  so  that  ossium 
is  the  most  electropositive  element  as  yet  discovered. 

(609)  CiBsia  (CsgO). — Caesium  appears  to  form  two  oxides: 
a  blue  suboxide,  and  a  powerfully  basic  oxide  corresponding  to 
potash  and  soda^  termed  OBsia,  Caste  hydrate  (CsHO=i5o)  ii 
very  deliquescent^  and  powerfully  caustic :  it  is  readily  soluble  in 
alcohol.     When  heated^  it  fuses  readily^  and  attacks  platinum. 

Cane  chloride  (CsCl=  168*5)  crystallizes  in  cubes^and  is  deli- 
quescent :  it  melts  at  a  low  red  heat.  100  parts  of  csesic  chlo- 
ride contain  21*07  parts  of  chlorine,  while  an  equal  weight  of 
rubidic  chloride  contains  29*7,  and  of  potassic  chloride  47*5  of 
chlorine. 

Carioplatinic  chloride  (2CsCl,PtCl^=676)  crystallizes  in  yellow 
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transparent  octohedra :  loo  parts  of  boiUng  water  dissolve  0-377 
of  the  salt  (Bunsen). 

C€uic  sulphate  (Cs^SOJ  Ib  anhjdrooi,  permanent  in  the  air,  bat  yerj  sola* 
ble  in  water.  *  It  forma  doable  salts  with  magnesic  solpbate,  and  other  salphates 
of  that  class,  of  the  form  (M^SO^Os^SO^ .  6Hfi).  It  also  yields  a  crystallizable 
alam.  A  kydrocmsie,  or  acid  salphate  (CsHSOJ  may  be  obtained  in  short 
xiiombic  prisms. 

Casic  »»^a/0(OsNO,=  195)  is  anhydrous,  and  isomorphons  with  rabidio 
and  potassic  nitrates.  It  is  permanent  in  the  air,  has  a  cooling  taste,  and  is 
Bolable  in  ten  times  its  weight  of  cold  water. 

CiBsic  carbonate,  or  Carbonate  of  casium  {09^00^=^326)  is 
deliquescent :  it  requires  five  times  its  weight  of  boiling  alcohol 
for  solution.  Hydrocasic  carbonate,  or  acid  carbonate  (CsHC03= 
194)  may  be  obtained  in  brilliant  prismatic  crystals^  which  are 
permanent  in  the  air. 

The  salts  of  csesium  are  not  easily  distinguished  from  those  of 
potassium  and  rubidium^  except  by  the  characteristic  lines  in  the 
spectrum  of  their  flame  (Part  I.  p.  180). 

§  VI.  Ammonium:    H^N=i8  {hypothetical). 

(610)  Action  of  Oxyarid  Anhydrides  on  Ammonia, — ^When  dry 
gaseous  ammonia  (H3N)  is  presented  to  the  anhydrides  of  the 
oxyacids,  such  as  sulphuric  (SO3),  sulphurous  (SO3),  or  carbonic 
(COjj)  anhydride^  the  gas  enters  into  combination  with  the  anhy- 
dride^ and  a  peculiar  compound  is  formed^  in  which  it  is  main- 
tained by  Laurent  and  Gerhardt  that  one-half  of  the  ammonia 
only  exists  in  the  form  of  an  ordinary  ammoniacal  salt^  the  other 
half  having  entered  into  combination  with  the  elements  of  the 
anhydride,  to  form  a  compound  termed  an  amidated  acid;  the 
product  obtained  differs,  therefore,  in  many  important  particulars 
from  the  compound  which  would  be  obtained  by  neutralizing 
with  ammonia  a  solution  of  the  same  acid  in  water.  In  the 
latter  case  one  of  the  ordinary  '  salts  of  ammonia/  as  they  are 
usually  termed,  is  produced;  in  the  former  case  an  ammoniacal 
salt  of  new  amidated  acid  would  be  the  result ;  but  the  prepara- 
tion of  these  amidated  compounds  is  difficult,  and  their  true 
nature  is  not  as  yet  thoroughly  ascertained.^ 


*  These  compounds  of  ammonia  with  the  anhydrides  are  often  iaoorreoUy 
spoken  of  as  amides.  The  amides  of  monobasic  adds  are,  properly  speakmg, 
salts  of  ammoninm  which  have  been  deprived  of  i  atom  of  water.  Ammonie 
benzoate  (H^NCyH^O^,  for  example,  when  deprived  of  H,0,  famishes  a  white 
fasible  volatile  solid  known  as  benzamide  (H,NC,U,0).  The  amides  of  the  di- 
basic acids  are  ammoninm  salts  which  have  been  deprived  of  a  atoms  of  water. 
Sulphamide  woald  be  (H,N),SO,,  and  would  contain  an  atom  of  water  less  than 
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The  general  properties  of  these  bodies  may  be  illustrated  hj 
examining  the  several  combinations  formed  between  the  sulphnzie 
and  sulphurous  anhydrides  and  dry  ammoniacal  gas. 

(6ii)  Sulphuric  ammonide,  Sulphat-ammon  (H3N),S03. — ^At 
least  three  distinct  compounds  may  be  obtained  by  the  action  of 
dry  ammonia  on  sulphuric  anhydride.  When  a  current  of  dry 
ammoniacal  gas  is  transmitted  over  sulphuric  anhydride^  placed  in 
a  flask^  and  maintained  at  a  low  temperature^  taking  care  to  leave 
the  anhydride  somewhat  in  excess^  a  hard  gummy  mass  is  pro- 
duced^ which  when  exposed  to  the  air  absorbs  moisture  and 
gradually  deliquesces.  The  liquid  thus  obtained  is  saturated 
with  baric  carbonate,  in  order  to  remove  the  excess  of  acid,  and 
is  then  evaporated;  it  yields  large  transparent  crystals  derived 
from  an  octohedron  with  a  square  base.  This  compound  is  the 
parastilphat-ammon  of  Rose,  and  consists,  according  to  this  chemist, 
of  (HjNjjSOj.  It  is  freely  soluble  in  water,  but  insoluble  in 
alcohol.  Its  solution  has  a  bitter  taste,  and  gives  no  precipitate 
with  barium  salts,  and  none  with  platinic  chloride.  By  long 
boiling  with  water,  or  with  a  solution  of  tartaric  acid,  it  is  slowly 
changed  into  ordinary  aromonic  sulphate;  but  if  heated  with  a 
free  alkali,  sidphate  of  the  alkali-metal  is  speedily  produced,  and 
ammonia  is  expelled. 

If  ammoniaoal  gas  in  excess  be  made  to  act  upon  salphmie  anhydiidt, 
another  componnd,  iijiomeric  with  the  former,  termed  sulpkat-ammonhj  Boae,ii 
obtained.  It  does  not  crystallize,  and  is  quickly  transformed  when  in  tolutioQ 
into  ammonic  sulphate. 

A  third  compound,  which  may  be  procured  in  beautiful  transparent  erystalsy 
is  prepared  by  transmitting  the  vapour  of  sulphuric  anhydride  into  ammoniacal 
gas  in  excess ;  the  solid  compound  tlius  obtained  is  fui^ed  in  a  current  of  dry 
ammonia,  and  dissolved  in  water.  The  crystals  obtained  on  evaporation,  accord* 
ing  to  Jacquelain,  consist  of  (H,N),2S0,.  Although  the  solution  of  this  com- 
pound has  an  acid  reaction,  it  gives  no  precipitate  with  salts  of  barium. 

(612)  Sulphit-Ammon,  or  Sulphurous  Ammonide  (H,N),SO,.  —  If  dry 
gaseous  sulphurous  anhydride  be  mixed  with  an  excess  of  perfectly  diy  ammo- 
niacal gas,  I  volume  of  the  anhydride  and  2  of  ammonia  combine,  and  form  a 
yellow  amorphous,  volatile,  deliquescent  compound,  which,  when  dissolved  in 
water,  undergoes  gradual  decomposition  (Rose). 

If  the  sulphurous  anhydride  be  in  excess,  a  different  compound  is  formed 
(H,NSO,),  corresponding  in  composition  to  hydro-ammonic  sulphite  from  which 
I   atom  of  water  has  been  abstracted:   H,NSO,  =  H^NHSO,-H,0.     It  is  a 


sulphuric  ammonide.  The  ammonides,  or  ammons,  as  these  compounds  of 
ammonia  with  the  anhydrides  of  dibasic  acids  have  been  termed,  contain  only 
one  atonal  of  water  lesui  than  the  ordinary  ammonium  salts.  Ammonic  sulphale^ 
for  instance,  may  be  represented  as  (U^N),SO^,  while  sulphuric  ammonide  con- 
tains (H,N),SO,,  or  H^N,SH,NO,.  The  different  varieties  of  compounds  obtained 
from  the  salts  of  ammonia  by  dehydration  will  be  considered  amongst  the  pro- 
ducts of  organic  chemistry. 
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reddiHh -yellow,  oiystalllne,  volatile  substance,  freely  soluble  in  water :  when  in 
solution,  it  is  speedily  decomposed  into  amnionic  sulphate  and  trithionate; 
4(H^S0J  +  2H,0  =  (XN),S0^  +  (H^N),8,0,.  No  such  decomposition  occurs 
when  the  ordinary  hydro-ammonic  sulphite  is  dissolved  in  water. 

Phosphoric  and  carbonic  anhydrides  also  form  ammonides,  which  are  analo- 
gous to  tiiose  just  described. 

(613)  Action  of  Anhydrous  Hydracids  on  ammonia. —  Dry 
ammoniacal  gas  likewise  unites  with  facility  with  the  anhydrous 
hydracids ;  the  compounds  which  are  thus  produced  do  not  corre- 
spond in  properties  to  the  ammonides,  but^  on  the  contrary^  form 
ordinary  ammonium  salts.  For  example^  dry  hydrochloric  acid 
and  dry  ammoniacal  gases  unite  with  avidity^  and  a  white  solid 
compound  is  produced^  which  is  ordinary  sal  ammoniac;  when 
dissolved  in  water  it  gives  with  solution  of  argentic  nitrate  the 
usual  curdy  precipitate  indicative  of  chlorine,  and  with  platinic 
chloride  the  usual  yellow  double  salt  characteristic  of  ammonium 
salts  is  deposited. 

(614)  Theory  of  Ammonium. — ^The  differences  between  the 
characters  of  the  compounds  which  dry  ammonia  forms  with  the 
oxyacid  anhydrides,  and  those  which  it  produces  with  the  anhy- 
drous hydracids  were  explained  by  Berzelius  with  the  aid  of  a 
hypothesis  originally  suggested  by  Ampere,  which  has  been  termed 
'  the  ammonium  theory/  by  the  adoption  of  which  the  salts  of 
ammonia  admit  of  being  considered  as  possessing  a  constitution 
analogous  to  that  of  the  metallic  salts. 

According  to  this  view,  the  compounds  which  are  frequently 
spoken  of  as  salts  of  ammonia  with  the  oxyacids  do  not  contain 
ammonia  at  all,  but  a  compound  in  which  the  elements  of  an  atom 
of  water  have  been  added 'to  those  of  ammonia  [HjN  +  HgO] :  in 
consequence  of  the  assimilation  of  this  atom  of  water,  the  sub- 
stance which  is  formed  may  be  regarded  as  (H^N)HO,  ammonic 
hydrate,  analogous  to  potassic  hydrate  (KHO),  and  the  basyl  of 
the  salts  which  it  yields  would  be  the  compound  body  ammonium 
(H^N),  which  takes  the  place  of  a  metal.  Anhydrous  ammonia, 
when  it  unites  with  the  oxyacid  anhydrides,  must  therefore 
produce  bodies  very  different  from  those  obtained  by  the  combi- 
nation of  hydrated  ammonia  with  the  compounds  formed  by  the 
action  of  the  same  anhydrides  upon  water,  as  may  be  seen,  for  in- 
stance, by  comparing  the  formula  of  the  compound  of  ammonia 
with  sulphuric  anhydride,  and  with  sulphuric  acid  when  water  is 
present : — 

Bolphorio  ammonida.  Ammonio  sulphate. 

It  is  likewise  easy  to  see  why,  by  the  combination  of  anhydrous 
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ammonia  with  a  Iiydracid  equally  free  from  water,  a  true  amnion 
nixmi  salt  should  be  formed :  for  instance,  hydrochloric  acid  and 
ammonia  by  their  imion  yield  ammonic  chloride,  a  salt  which 
obviously  presents  the  closest  analogy  with  the  metallic  chlorides; 
H3N  +  Ha={H^N)Cl. 

With  the  oxyacids,  then,  on  the  one  hand,  and  with  their 
anhydrides  on  the  other,  ammonia  forms  two  distinct  claaset  of 
compounds ;  the  more  important  class  constitutes  the  normal  nhs 
of  the  alkali  in  which  the  elements  of  water  are  necessarily  present; 
the  other  class  consists  of  the  ammonides  already  described. 

The  theory  of  ammonium  is  supposed  to  derive  considerable 
support  from  the  following  remarkable  experiment : — If  an  amal- 
gam of  potassium  or  of  sodium  be  moistened  with  a  concentrated 
solution  of  sal  ammoniac  (H^NCl),  the  amalgam  inunediately 
begins  to  increase  in  bulk,  and  ultimately  swells  up  till  it  acquires 
8  or  lo  times  its  original  volume,  and  it  at  the  same  assumes  a 
pasty  consistence,  but  still  preserves  its  metallic  lustre.  This 
substance,  if  exposed  to  a  temperature  of  o®  (—18*^0.),  crys- 
tallizes in  cubes.  It  begins  to  undergo  spontaneous  decomposi- 
tion immediately  after  its  production,  and  the  same  effect  occurs 
still  more  rapidly  if  it  be  placed  in  water :  hydrogen  gas  is  given 
off  in  minute  bubbles,  and  ammonia  is  found  in  the  solution.  It 
is  generally  supposed  that  this  remarkable  amalgam  consists  a£  a 
combination  of  H^N  (or  ammonium)  with  mercury.  On  attempt- 
ing to  expel  the  mercury  by  heat,  however,  the  compound  is  decom- 
posed, metallic  mercury  is  sublimed,  and  a  mixture  of  hydrog^i 
and  ammoniacal  gas  evolved :  all  other  attempts  to  isolate  the 
ammonixmi  have  been  equally  unsuccessful.  The  proportion  of 
ammonixmi  present  in  the  amalgam,  notwithstanding  the  great 
change  in  bulk  and  in  properties  experienced  by  the  mercury,  is 
extremely  minute,  amounting,  according  to  Gay-Lussac  and 
Th^nard,  to  little  more  than  one  two-thousandth  of  the  weight  of 
the  mercury. 

(615)  Solution  of  Ammonia. — ^The  preparation  of  ammoniacal 
gas  and  of  its  aqueous  solution  have  been  already  described  (369^ 
370).  The  solution  in  water  has  an  intensely  alkaline  reaction, 
and  may  be  regarded  as  a  solution  of  ammonic  hydrate  (H^NHO); 
but  when  heated,  pure  ammoniacal  gas  (H3N)  alone  is  expeUed, 
and  by  passing  the  gas  through  a  tube  filled  with  quicklime,  to 
absorb  the  water  which  it  carries  over  with  it  in  suspension, 
ammonia  may  be  obtained  in  a  state  of  purity.  The  solution  in 
water,  when  neutralized  by  acids  and  evaporated,  yields  the 
ordinary  ammonium  salts. 
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The  compounds  of  ammonium  are  continnally  receiving  firesh 
applications.  The  sulphate  and  the  chloride  are  extensively  used 
in  the  preparation  of  ammonixmi-alum^  as  a  substitute  for  the 
corresponding  compounds  of  potassium ;  for  agricultural  purposes 
the  sulphate  is  largely  used^  as  a  manure  for  cereal  crops.  Caustic 
ammonia  is  employed  by  the  dyer  as  a  solvent  for  cochineal ;  it 
is  essential  in  the  preparation  of  orchil  and  the  lichen  colours.  A 
remarkable  application  of  ammonia  has  also  lately  been  made  in 
Carre's  relGrigerating  machines  {note,  Fart  I.  p.  339)^  which  are 
already  extensively  used  in  chemical  operations  on  a  large  scale. 

(616)  Sulphides  of  Ammonium. — Ammonium  forms  several 
sulphides  which  are  freely  soluble  in  water.  Dtammordc  sulphide, 
or  the  protosulphide  [(H^N)gS]^  cannot  be  procured  in  a  solid 
form :  it  may  be  prepared  in  solution  by  dividing  a  quantity  of 
soluti<»i  of  ammonia  into  two  equal  portions^  through  one  of 
which  sulphuretted  hydrogen  is  transmitted  so  long  as  it  is  ab- 
sorbed ;  the  saturated  liquid  is  then  added  to  the  second  portion 
of  the  solution.  It  is^  however,  possible^  though  not  probable^ 
that  the  two  solutions  H^N^HSand  H^N^HO  may  remain  unoom- 
bined,  instead  of  uniting  to  form  (H^N)2S  +  H30.  This  liquid 
dissolveis  many  of  the  sulphides  of  the  metals  which  furnish  acids 
with  oxygen^  and  forms  double  sulphides  with  them  (5351  551  )• 
Many  of  these  double  sulphides  may  be  obtained  in  crystals ; 
this^  for  example,  is  the  case  with  those  which  contain  the  dianti* 
monic  and  diarsenic  pentasulphide,  and  the  molybdic  trisidphide. 

Diammonie  duulphide  (H^N),S,  may  be  obtained  in  large  yellow,  trans- 
parent, very  deliqueaoent  crystaU,  by  passing  sulphur  vapour  and  dry  ammonia 
through  a  red-hot  porcelain  tube.  In  the  hydrated  form  it  has  been  long  known 
as  Boyle's  fuming  liquor,  and  is  prepared  by  calcining  3  parts  of  slaked 
lime  with  2  of  sulphur,  and  distilling  3  parts  of  this  mixture  with  2  of 
sal  ammoniac  and  i  part  of  sulphur :  a  yellow,  oily,  fostid  liquor,  which 
fumes  in  the  air,  passes  over,  and  on  cooling  it  deposits  deliquescent  yellow 
lamellar  crystals;  acids  disengage  hydrosulpburic  acid  from  it,  and  cause  a 
deposit  of  sulphur.  Its  aqueous  solution  dissolves  a  large  quantity  of  sulphur, 
forming  a  pentasulphide  (H^X),S^,  which  crystallizes  from  its  solution  in  long 
orange-yeUow  oblique  rhombic  prisms.  Fritsche  has  also  obtained  a  crystallized 
compound  containing  (H^N),Sy. 

Ammanio-hydric  sulphide,  or  Sidphhydrate  of  ammonium 
(H^NHS=5i)  is  the  liquid  commonly  used  as  a  reagent  under 
the  name  of  hydrosulphate  of  ammonia :  it  is  formed  by  trans- 
mitting sulphuretted  hydrogen  through  a  solution  of  anmionia  to 
saturation.  This  liquid,  when  newly  prepared^  is  colourless^  but 
it  absorbs  oxygen  rapidly  from  the  air,  and  becomes  yellow  from 
formation  of  ammonic  disulphide,  whilst  ammonic  hyposul- 
phite is  produced  in  the  Uquid;  8H^NHS+50g=a[(H^N)3SJ-h 
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2[(H4N)2S2H30J+2H30.  A  solution  of  ammonic  hydra-tnl- 
phide  dissolves  the  sulphides  of  the  electronegatiye  metib  as  ' 
readily  as  diammonic  sulphide  does^  but  sulphuretted  hydrogea 
is  liberated:  for  example,  6H4NHS+As,S5=a[(H^N),ABSJ  + 
3H2S.  Ammonio-hydrie  sulphide  may  be  obtained  in  the  anhj- 
drous  form^  by  mixing  dry  sulphuretted  hydrogen  with  dry  ammo- 
niacal  gas ;  2  volumes  of  ammonia  combine  with  2  of  sulphuietted 
hydrogen^  and  condense  in  yellowish,  transparent,  brilliant  plates, 
which  are  very  volatile,  and  sublime  without  decomposition;  thqr 
are  very  soluble  in  water. 

(617)  Ammonic  Chloride,  or  Chloride  of  ammonium  (H^NCl 

=53*5)  >    ^P*    ^«    ^f  Solid,    1*578 ;    of  Vapour,  0*89)  ;    Mol. 

I — ' — ! 
Vol.  of  Vapour,  \-       -  ;*  Comp.  in  100  parts,  HCl,  68*22;  H,N, 

I I    .1 

3178. — Muriate  of  Ammonia,  or  Sal  Ammoniac  as  it  is  commonly 

termed,  is  the  most  important  of  the  salts  of  ammonium.  It  may 
be  formed  directly  by  the  union  of  hydrochloric  acid  and  ammo- 
niacal  gases :  it  was  formerly  imported  from  Egypt  in  consider- 
able quantity  as  a  product  of  the  distillation  of  dried  camel's 
dung,  but  in  this  country  it  is  now  furnished  almost  entirely  firom 
ammoniacal  liquor,  a  waste  product  from  the  coal-gas  works. 
Coal  contains  a  portion  of  nitrogen,  which,  during  the  process  of 
distillation,  is  partially  converted  into  ammonia ;  this  comfaiiies 
with  carbonic  acid  and  with  sulphuretted  hydrogen :  these  com- 
pounds are  condensed  with  the  gas  liquor,  from  which  the 
ammonia  is  subsequently  extracted.  The  best  process  for  pre- 
paring sal  ammoniac  consists  in  neutralizing  the  gas  liquor  with 
hydrochloric  acid.  For  this  purpose  the  liquid  is  pumped  up 
from  a  tank  into  the  decomposer — a  large  wooden  vat  closely 
fitted  with  a  cover,  connected  with  flues  for  carrying  off  the 
gaseous  products ;  the  acid  in  suitable  quantity  is  placed  in  jars, 
from  which  it  is  drawn  off  slowly  by  siphons,  and  is  thus  allowed 
to  mix  gradually  with  the  liquor ;  abundance  of  gas  is  disengaged, 
and  is  made  to  pass  through  a  fire,  where  the  sulphuretted  hydro- 
gen is  burned ;  much  of  the  tarry  matter  (derived  from  the  coal) 
which  was  held  in  solution,  is  deposited  during  this  operation,  and 
the  liquid  froths  up  considerably,  any  loss  which  might  be  thus 
occasioned  being  prevented  by  the  use  of  a  waste-pipe,  by  which 
the  overflow  is  carried  back  into   the  tank   below.     When  the 


•  The  vapour-volame  of  this  and  of  several  ammonium  salts,  including  the 
bromide  and  cyanide,  is  anomalous,  being  double  that  of  most  compounds.  Man? 
chemists  consider  that  in  the  act  of  evaporation  these  compounds  are  separated 
into  the  firee  hjrdracid  and  free  ammouia  (Part  I.  noie^  p.  103). 
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liquor  has  thus  been  neutralized^  it  is  run  into  a  coTered  eva- 
porating pan^  where  the  remaining  portions  of  sulphuretted  hydro- 
gen are  expelled ;  after  further  concentration  it  is  drawn  off  into 
shallow  wooden  vessels^  lined  with  lead^  to  crystallize  :  the  crystals 
thus  procured  are  drained^  and  the  mother-liquor  is  again  concen- 
trated. The  rough  crystals  are  next  heated  in  a  cast-iron  pan,  to 
a  point  approaching  that  at  which  sublimation  commences ;  a 
good  deal  of  tarry  matter,  which  the  salt  still  retains,  is  expelled 
during  this  roasting.  The  salt  is  then  sublimed  in  a  strong  cylin- 
drical iron  pot,  furnished  with  a  leaden  or  iron  cover  lined  with 
fire-clay;  the  fire  underneath  is  gradually  raised,  and  the  salt 
subUmes  and  is  deposited  in  a  large  dome-shaped  cake  on  the 
inner  surface  of  the  cover. 

The  liquors  which  are  condensed  during  the  distillation  of 
bones  in  closed  iron  cylinders,  in  the  process  of  preparing  animal 
charcoal,  are  highly  charged  with  an  impure  carbonate  of  ammo- 
nium, contaminated  with  volatile  oily  and  tarry  products  derived 
from  the  action  of  heat  upon  animal  matter ;  these  liquors  fur- 
nish a  source  of  ammoniacal  salts  of  some  importance :  formerly 
this  liquid,  after  being  subjected  to  a  partial  purification,  wits 
commonly  known  as  spirit  of  hart*8»ham,  because  a  similar  liquor 
was  originally  obtained  by  the  distillation  of  horn  shavings. 

Sublimed  ammonic  chloride  forms  semi-transparent,  tough, 
fibrous  masses.  It  is  very  soluble  in  water,  lOO  parts  of  which 
at  59^  (15^  C.)  dissolve  36  parts,  and  at  the  boiling-point,  88*9 
parts  of  the  salt :  a  great  reduction  of  temperature  occurs  whilst 
it  is  undergoing  solution,  and  it  is  hence  employed  as  a  common 
ingredient  in  fireezing  mixtures;  it  crystallizes  usually  in  an 
arborescent  form,  but  sometimes  in  cubes  and  octohedra.  Sal 
ammoniac  has  a  sharp,  acrid  taste ;  it  is  slightly  soluble  in  alcohol. 
When  heated,  it  sublimes  much  below  redness,  before  undergoing 
fusion.  It  has  a  strong  tendency  to  form  double  salts  with  the 
chlorides  more  electronegative  than  itself.  The  compounds  of 
many  metals  which  form  volatile  chlorides,  such  as  the  arseniates 
and  arsenites,  the  antimoniates  and  the  stannates,  when  heated 
with  ammonic  chloride,  lose  the  arsenic,  antimony,  and  tin  in 
the  form  of  chlorides  of  these  metals  ;  and  the  salts  of  lead,  iron, 
zinc,  and  aluminum,  are  decomposed  and  completely  volatilized 
when  ignited  with  a  large  excess  of  sal  ammoniac.  Rose  observed 
that  all  the  basic  protoxides  of  the  form  N''0,  such  as  prot- 
oxides of  iron,  cobalt,  and  manganese — and  oxides  of  the  form 
N^O,  such  as  suboxide  of  copper,  also  decompose  ammonic  chlo- 
ride, when  heated  with  its  solution,  the  ammonia  being  displaced 
II.  o  a 
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by  the  metallic  oxide^  and  a  fixed  metallic  chloride  being  fixnnfii 

whilst  not  one  of  the  sesquioxides  has  this  power. 

Ammanie  iodide  (H^NI). — This  is  a  salt  which  crystallizet  in  eolwi:  Ikk 
used  to  some  extent  by  the  photognpher,  and  may  be  obtained  bj 
calcic  iodide  by  the  addition  of  a  mixture  of  ammonia  and  ammonic 
bonate  in  Blight  excess ;  the  solution  filtered  from  the  precipitated  calcio 
yields  pure  ammonic  iodide. 

(6 1 8)  Ammonic  Sulphate^  or  Sulphate  of 
[(H^N)3SO^=i32 ;  8p,  Gr.  1*695]  ^  prepared  in  large  qnintitj 
by  subjecting  gas  liquor  to  distillation^  and  condensing  the  T(da> 
tilized  ammonia  in  sulphuric  acid.  The  salt  crystallizes  out  from 
the  strongly  acid  liquor^  which  is  employed  to  condense  finedi 
ammonia  in  subsequent  operations.  On  a  small  scale  it  may  be 
obtained  in  a  pure  form  by  adding  ammonic  sesquicarbonate  to 
dilute  sulphuric  acid  so  long  as  any  effervescence  ensues.  It 
crystallizes  in  flattened  prisms,  which  are  isomorphous  with  those 
of  potassic  sulphate  :  it  is  soluble  in  twice  its  weight  of  cold 
water^  and  has  a  sharp  disagreeable  taste ;  when  heated  it  decrepi- 
tates ;  at  284®  (140®  C.)  it  melts,  and  between  500®  and  599® 
(260^  and  315^  C.)  it  undergoes  partial  decomposition^  ammcmic 
sulphite  being  among  the  products.  It  forms  a  great  number  of 
double  salts  isomorphous  with  the  corresponding  potassium  salts. 
Ammonic  sulphate  has  lately  been  applied  to  muslins  and  otlier 
fabrics  for  the  purpose  of  preventing  them  from  burning  with 
flame  in  case  they  should  accidentally  take  fire.  The  finkhed 
goods  are  dipped  into  a  solution  containing  10  per  cent,  of  the 
salt,  and  dried  in  a  centrifugal  machine,  or  hydro-extractor. 

A  hydro- ammonic  sidphate,  or  acid  sulphate  may  be  fimned 
which  has  the  formula  [(H^K)3H2SOJ  ;  and  a  sodio^ammonie  md- 
phate  (H^NNaS0^2H20)  may  be  readily  formed  by  mixing  solu- 
tions of  sodic  and  ammonic  sulphates  in  equivalent  proportionSi 
and  evaporating  the  liquid  till  it  begins  to  crystallize. 

(619)  Ammonic  Nitrate,  or  Nitrate  of  ammonium  (H^NNO, 
=  80)  j  Sp,  Gr.  i'635. — ^This  is  a  salt  of  some  importance  to  the 
chemist,  as  it  furnishes  him  with  a  ready  source  of  pure  nitrons 
oxide.  It  is  procured  by  neutralizing  nitric  acid  with  a  solution 
of  ammonic  sesquicarbonate  :  on  evaporation,  the  salt  crystallises 
in  long  striated  anhydrous  prisms ;  by  rapid  evaporation  it  is  ob- 
tained either  in  a  fibrous  or  in  an  amorphous  mass.  It  has  a 
bitter  acrid  taste,  is  somewhat  deliquescent,  and  during  the  act  of 
solution  causes  a  great  depression  of  temperature,  hence  it  is 
often  used  in  frigorific  mixtures :  when  heated  to  226®  (1 07^*8  C.) 
it  melts,  and  at  482^  (250^  C.)  it  undergoes  complete  decompo- 
sition^ being  converted  into  nitrous  oxide  and   water^  in  the 
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manner  already  described  (364);  H^NNOjSsNjO  +  aHjO,  If 
thrown  on  a  red-hot  plate  it  melts^  himes,  and  is  dispersed  with  a 
fednt  bluish  flame. 

(620)  Carbonates  ov  Ammonium. — ^Normal  ammonic  carbo- 
nate [(H^N)j|C03]  is  not  known  in  the  solid  form^  though  it  may 
exist  in  solution.  When  carbonic  anhydride  and  dry  ammonia 
are  mixed^  no  matter  in  what  proportions^  2  volumes  of  ammonia 
and  I  of  carbonic  anhydride  unite^  and  are  condensed  into  a 
white  solid^  ammonic  carbamate  being  formed :  according  to 
Gerhardt,  2H3N  +  C03=H^NH,NC02.  This  compound  is  rapidly 
conyerted  by  water  into  normal  ammonic  carbonate :  H^NH^NCO, 
+  HjO=(H^N)2COj.  There  are,  however,  several  compounds  of 
ammonium  with  carbonic  acid. 

The  most  important  of  these  is  the  so-called  sesquicarbo* 
note,  the  common  carbonate  or  smelling'Salts  of  the  shops 
(a[{H^N)jC08]COg=236,  or  2(H^N),0,3COJ;  Comp.  in  100  parts, 
H3N,  28-81 ;  COjj,  55*93 ;  H3O,  15*26.  It  is  usually  obtained  as 
a  semi-transparent  fibrous  mass,  by  mixing  chalk  with  half  its 
weight  of  sidphate,  or  of  chloride  of  ammonium,  collecting  in 
leaden  vessels  the  crude  product  which  comes  over  on  applying 
heat,  and  resubliming  the  mixture  at  a  temperature  of  about 
149^  (6j^  C.) ;  the  salt  Ib  received  in  leaden  hoods,  in  the  inte- 
rior of  which  it  is  deposited.  During  this  process  a  large  quantity 
of  free  ammonia  escapes,  because  the  normal  carbonate  cannot 
exist  at  that  temperature.  The  decomposition  of  the  ammonic 
chloride  may  be  represented  thus : — 

6H^Na + 3CaC03=3CaCl3  +  2  [(H^N),C03]  CO, + 2H3N + H^O. 

Ammonic  sesquicarbonate  has  a  strong,  pungent  smell,  like  that 
of  pure  ammonia,  arising  from  the  continual  volatilization  of  car- 
bonic ammonide  at  ordinary  temperatures : 

2[(H^N)3C03]CO,  becoming  2H^NHC03+(H3N)jC02. 

Owing  to  this  loss  of  ammonia  the  salt  speedily  becomes  coated 
with  a  white  spongy  crust  of  bicarbonate.  If  the  powdered  salt  be 
placed  upon  a  filter,  and  washed  with  successive  small  quantities  of 
cold  water,  the  normal  carbonate  may  be  gradually  dissolved  away, 
and  the  salt  known  as  the  bicarbonate,  which  is  a  more  sparingly 
soluble  salt,  will  be  left  upon  the  filter.  The  sesquicarbonate  has 
an  acrid  taste  and  a  strongly  alkaline  reaction.  In  its  ordinary 
form  the  sublimed  salt  has  a  composition  which  is  exceptional, 
since  in  order  to  convert  it  into  a  normal  sesquicarbonate  it  would 
require  an  additional  atom  of  water,  which  is  never  found  in  the 
commercial  salt ;  but  its  aqueous  solution,  if  saturated  and  ex- 
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posed  to  a  temperature  of  32^  (o^  C),  deposits  lai^^  tranflparait 
octohedra  with  a  rhombic  base,  of  the  hydrated  true  sesquicarbo- 
nate  [(H^N)^H23C03,2H30].  According  to  the  researches  of 
Rose  there  are  several  compounds  resulting  firom  the  oombmft- 
tion  of  the  carbonate  with  different  proportions  of  bicarbonate  of 
ammonium. 

Hydro-Ammonic  Carbonate,  or  Bicarbonate  of  Ammonbm 
(H^NHC03=79;  8p.  Gr.  1*586)  is  isomorphous  with  the  cone- 
sponding  potassium  salt :  it  is  soluble  in  8  parts  of  cold  water, 
and  if  the  solution  be  heated,  carbonic  acid  escapes ;  when  ex- 
posed to  the  air  the  dry  salt  becomes  slowly  volatilized.  It  may 
be  obtained  in  large  transparent  prismatic  crystals,  derived  firom 
a  rhombic  octohedron  [4H^NHC03,HjO] ,  by  pouring  boiliiig 
water  upon  the  sesquicarbonate,  corking  the  flask,  and  allowing 
it  to  cool.  It  is  sometimes  formed  spontaneously  during  the  de- 
composition of  guano,  and  is  then  deposited  in  large  regularly 
formed  crystals. 

Ammonic  carbonate  combines  with  many  metallic  carbonates, 
forming  double  salts. 

(621)  Phosphates  of  Ammonium,  corresponding  to  those  of 
sodium  may  be  formed ;  but  the  only  one  of  any  importance  is 
the  sodio-ammonio-hydric  phosphate,  known  as  microcagmic  fofi 
(Na,H4N,H,PO^H20=  137 -1-72).  It  is  prepared  by  mixing  t 
hot  solution  of  6  parts  of  hydro-disodic  phosphate  with  a  solution 
of  I  part  of  ammonic  chloride  in  the  smallest  possible  quantity 
of  water ;  common  salt  remains  in  solution,  and  the  phosphate 
crystallizes  in  large  transparent  prisms,  which  are  efflorescent  in 
a  dry  air.  It  may  be  purified  by  a  second  crystallization  firom 
a  small  quantity  of  hot  water  to  which  a  little  firee  ammonia  has 
been  added,  to  compensate  for  the  loss  of  ammonia  which  the 
salt  sustains  when  heated  in  solution.  By  ignition,  all  the  am* 
monia  and  water  are  expelled,  sodic  metaphosphate  remains,  and 
fuses  into  a  colourless  glass  at  a  red  heat.  This  salt  is  sometimes 
employed  as  a  flux  for  experiments  with  the  blowpipe,  as  the  glass 
dissolves  many  metallic  oxides,  and  forms  transparent  beads^  from 
the  colour  of  which  the  presence  of  certaia  metals  can  in  many 
cases  be  ascertained. 

(622)  Ammoniated  Salts, — ^Anhydrous  ammonia  enters  into 
combination  with  many  anhydrous  metallic  salts  in  a  manner 
somewhat  analogous  to  that  of  water  of  crystallization.  In  other 
cases,  salts  which  usually  retain  water  of  crystallization  lose  it 
either  partially  or  entirely  when  they  combine  with  anmionia,  but 
the  number  of  atoms  of  ammonia  is  not  influenced  by  the  pro- 
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portion  of  water  with  which  the  salt  generally  unites.  Chloride 
of  silver,  of  tin,  of  copper,  and  of  calcium,  sulphate  of  copper, 
and  of  zinc,  nitrate  of  silver,  and  of  copper,  form  compounds  of 
this  kind  with  ammonia.  The  composition  of  some  of  these  salts 
is  exhibited  in  the  subjoined  table : — 

AgCl,2H,N  ... 
CuCl,,6H,N  ... 
CuCl,4H,N,H,0 
CuCl,.2H,N  ... 
CaCl,,8H,N  ... 
Ag,80,,4H,N  ... 
CiiS0,4H^,H,0 
AgN0,.3H,N  ... 
Cn2N0,4H,N 

These  compounds  nrhen  exposed  to  the  air  lose  a  portion  of 
the  ammonia :  if  heat  be  applied,  the  ammonia  is  often  entirely 
expelled,  as  in  the  case  of  ammoniated  argentic  chloride,  the  com- 
pound originally  employed  by  Faraday  for  obtaining  ammoniacal 
gas  in  the  liquid  form:  the  argentic  chloride  is  left  unaltered 
when  the  ammonia  is  driven  off.  In  other  instances  the  elements 
of  ammonia  react  upon  the  salt  and  decompose  it.  For  example, 
ammoniated  cupric  chloride,  CuClgdHjN,  when  heated,  first  loses 
4  atoms  of  ammonia,  and  then  the  residue  (CuCljaHgN)  under- 
goes the  following  decomposition;  6(CuCl3aH3N)=6CuCl  + 
6H^NC1+4H3N  +  Nj.  The  corresponding  nickel  compound  is 
reduced  to  the  metallic  state  when  heated. 

In  solution  ammonia  also  combines  with  many  metallic  salts, 
forming  analogous  compounds  :  by  exposure  to  air  the  ammonia 
escapes.  Zinc  salts  form  a  colourless  solution  with  excess  of 
ammonia ;  those  of  cobalt  give  a  brown,  which  passes  into  red ; 
while  both  nickel  and  copper  salts  give  a  violet-blue  solution. 

(623)  Action  of  Ammonia  upon  ScUts  in  Solution. — From  what 
has  been  already  stated,  it  is  evident  that  ammonia  acts  upon 
metallic  salts  not  merely  as  a  powerful  base,  as  in  cases  where 
caustic  potash  or  soda  are  made  to  decompose  them.  The  results 
produced  by  the  addition  of  ammonia  to  a  solution  of  a  metallic 
salt  may  be  stated  as  follows : — 

I. — If  the  ammonia  be  insufScient  in  quantity  to  neutralize 
the  whole  of  the  acid  contained  in  the  metallic  salt,  a  sparingly 
soluble  basic  salt  of  the  metal  may  be  precipitated :  in  this  way 
basic  cupric  sulphate,  basic  plumbic  nitrate,  or  basic  aluminic 
sulphate  may  be  formed ;  for  instance,  4CuSO^+6H3N  +  7HgO=s 
3[(H,N),S0J  +  (CuS0^3CuO,4H,0). 

2. — If  the  ammonia  be  present  in  excess,  it  may,  by  reacting 
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upon  the  acid  of  the  salt^  produce  with  it  a  soluble  ammoBiira 
salt,  whilst  a  precipitate  of  the  metallic  oxide  in  a  hydrated  fons 
is  occasioned :  as  when  alumina,  chromic  oxide,  or  ferric  oxide,]! 
thrown  down  firom  its  salts : — ^for  example, 

a(Fe,3S0J  +  i2H3N+9H,0=6[(H^N),SOJ  +aPe,Oy3H,0. 

3. — Sometimes  the  ammonia,  if  in  excess,  combines  with  the 
precipitated  oxide,  as  it  does  with  uranic  oxide,  when  mixed  wi& 
a  solution  of  uranic  nitrate  : — 

UONO3  +  aHjN + H3O = H.NNOj + H^NUO^ 

4. — In  other  cases  a  double  salt  of  ammonium  and  the  metal 
may  be  precipitated,  as  when  ammonia  is  mixed  with  a  solution 
containing  phosphoric  acid  and  magnesium,  in  which  case  in 
ammonio-magnesic  phosphate  is  formed  and  deposited  in  crystab, 
which  contain  water  not  shown  in  the  equation:  Mg80^+ 
(H,N)3P0,=  (H,N)3S0,+ H.NMgPO,. 

Reactions  corresponding  to  the  four  modes  of  action  just  indi- 
cated firequently  occur,  when  a  solution  of  a  caustic  alkali^  such 
as  potash  or  soda,  is  mixed  with  a  metallic  salt  in  solutioiL 

5. — ^A  soluble  compound  may  be  formed,  into  the  composi- 
tion of  which  both  the  metallic  oxide  and  the  ammonia  enter, 
and  unite  with  the  acid  so  as  to  form  a  species  of  double  basic 
salt.  Magnesic  hydrate,  hydrated  oxide  of  copper,  of  line, 
of  cobalt,  or  of  nickel,  when  free  from  acid,  is  very  sparingly 
dissolved  by  a  solution  of  pure  caustic  ammonia,  but  a  mixture 
of  ammonic  chloride,  or  even  of  ammonic  carbonate  with 
caustic  ammonia,  dissolves  them  without  difficulty.  The  com« 
pounds  thus  dissolved  are  definite  in  composition,  and  similar  in 
nature  to  those  enumerated  in  the  table  given  in  the  preceding 
page  as  the  result  of  the  action  of  ammoniacal  gas  upon  the  dry 
salts  of  the  metals.  The  solutions  of  these  salts  in  ammonia 
firequently  absorb  oxygen  rapidly  if  exposed  to  the  air :  salts  of 
iron,  manganese,  and  cobalt  furnish  examples  of  this  kind. 

6. — But  it  occasionally  happens  that  the  elements  of  ammonia 
enter  into  the  composition  of  the  salt  in  a  more  intimate  maimer. 
When  a  solution  of  corrosive  sublimate  (HgClJ  is  mixed  with  a 
solution  of  potash,  a  yellow  precipitate  of  mercuric  oxide  ii 
formed,  and  potassic  chloride  remains  in  solution;  HgC],+ 
aKHO=HgO-h2KCl  +  HjO;  but  the  case  is  otherwise  if  am- 
monia be  used  instead  of  potash ;  a  white  precipitate  is  then 
formed,  the  composition  of  which  is  unchanged  by  the  addition  of 
an  excess  of  ammonia.  Kane  {Phil.  Mag.,  June,  1836,  p.  495) 
showed  that  this  body  has  a  composition  which  may  be  represented 


Kane's  amide  theory  of  ammonia.  465 

by  the  formula  of  HgClgHgH^N,.    Its  formation  may  be  explained 
by  the  following  equation  : — 

2HgCl, + 4H3N = (HgCly  HgH.N,)  +  2H,Na. 

From  this  result,  conjoined  with  others  obtained  from  an 
examination  of  other  ammoniacal  derivatiyes  firom  copper,  palla- 
dium, and  other  metals,  Kane  was  led  to  believe  that  ammonia  is 
not  a  direct  compound  of  hydrogen  with  nitrogen,  but  rather  a 
combination  of  an  atom  of  amidogen  with  one  of  hydrogen ; 
so  that  he  represents  ammonia  as  HAd  (Ad  standing  for 
amidogen,  H^N) ;  the  atom  of  hydrogen  being  liable  to  displace- 
ment by  an  equivalent  either  of  mercury  or  of  certain  other 
metals.  One  atom  of  such  an  amide  of  mercury  (HgAd^  is, 
according  to  Kane,  contained  in  white  precipitate,  in  combination 
with  I  atom  of  mercuric  chloride. 

Later  experiments,  however,  especially  those  of  Hofmann,  on 
the  formation  of  bases  by  substitution  firom  ammonia,  have  not 
strengthened  the  theory  proposed  by  Kane ;  they  have  shown 
that  not  only  does  i  atom  of  hydrogen  admit  of  being  displaced 
by  some  equivalent  substance,  but  that  each  of  the  3  atoms  of 
hydrogen  in  ammonia  admits  of  being  thus  displaced ;  nay  more, 
that  bodies  may  be  obtained  which  are  derived  firom  ammonium, 
in  which  all  the  4  atoms  of  hydrogen  in  this  compoimd  have  been 
displaced  by  other  equivalent  bodies.  These  investigations  point 
rather  to  the  view  that  white  precipitate  is  a  body  corresponding 
in  composition  to  ammonic  chloride  (H^N,C1)  but  in  which 
2  atoms  of  hydrogen  are  displaced  by  i  atom  of  the  dyad  metal 
mercury  (Hg^^H2N,Cl).  We  shall  recur  to  these  investigations 
when  considering  the  properties  of  the  organic  bases. 

7. — ^Within  the  last  few  years  several  remarkable  bases  which 
are  derived  firom  ammonia  have  been  formed,  but  into  the  com- 
position of  which  certain  metab  enter.  Although  these  com- 
pounds contain  the  elements  of  ammonia,  and  of  the  oxides  of 
the  metals,  yet  they  do  not,  by  means  of  the  ordinary  tests,  give 
any  indications  either  of  ammonia  or  of  the  metals  which  enter 
into  their  composition. 

In  this  manner  several  series  of  compounds  have  been  pro- 
cured^ some  of  which  contain  platinum,  others  contain  cobalt, 
and  others  palladium ;  in  most  instances  they  form  crystallizable 
and  well  characterized  salts. 

Amongst  the  compounds  thus  formed,  four  of  those  obtained 
from  platinum  may  be  selected  by  way  of  illustration*  The  first 
of  these  contains  a  base  for  which  Gerhardt  has  proposed  the 
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name  of  platosamine,  PtH^N^O ;  the  second,  he  has  tenned 
diplatosamine,  PtH^gN^O,  H^O ;  the  third,  platinanUne,  ViR^fip 
aUfi ;  and  the  fourth,  diplaiinamine,  PtH^N^O,.  The  base  hurt 
mentioned  has  not  as  yet  been  obtained  in  a  separate  form. 

Each  of  these  bases  forms  with  hydrochloric  acid  a  cryital- 
lizable  salt,  the  composition  of  which  is  represented  by  the  em- 
pirical formula  given  in  the  second  column  of  the  following  taUe, 
whilst  the  third  column  shows  the  relation  of  the  compoond  to 
the  chloride  of  platinum  from  which  it  is  obtained ;  the  fint  two 
compounds  being  derived  from  pliitinous  chloride,  the  last  two 
from  platinic  chloride : — 

Platosamine  dichloride  PtH^Ngaj    or  PtCl^aHjN. 

Diplatosamine  dichloride  PtHjgN^Cl^  >^  PtCI^yijHjN. 

Platinamine  tetrachloride  PtH^NgCl^    „   PtCl^aH^N. 

Diplatinamine  tetrachloride  PtH^jN^Cl^  „  PtCl^H,N. 

(624)  Characters  of  the  Compounds  of  Ammonium. — ^The 
anmionium  salts  are  colourless  ;  they  are  all  decomposed  by  heat, 
unless  the  acid  itself  be  capable  of  volatilization,  in  which  case 
they  may  generally  be  sublimed  without  change.  They  are  dis- 
tinguished from  the  salts  of  all  the  metals,  with  the  exception  of 
those  of  the  alkaline  group,  by  the  absence  of  any  precipitate 
when  their  solutions  are  mixed  with  a  solution  of  potassic  or 
sodic  carbonate. 

The  ammonium  salts  may  be  recognized  by  heating  them  in 
the  solid  form  with  quicklime  or  with  caustic  potash,  when 
pungent  fumes  of  ammonia  are  extricated :  if  their  solutions  be 
boiled  with  either  potassic  or  calcic  hydrate  a  similar  extrication 
of  ammonia  ensues,  and  if  the  quantity  of  ammonia  be  too  small 
to  be  detected  by  the  smell,  a  rod  dipped  into  hydrochloric  acid 
diluted  with  an  equal  bulk  of  water,  produces  white  fumes  when 
brought  into  the  vapour ;  these  fiimes  are  due  to  the  production 
of  sal  ammoniac,  which  is  formed  by  the  union  of  the  gaseous 
ammonia  with  the  vapour  of  the  hydrochloric  acid,  and  is  preci- 
pitated in  the  solid  form.  A  characteristic  test  of  free  ammonia 
is  the  formation  of  the  black  iodide  of  nitrogen  in  a  solution  of 
iodine  in  potassic  iodide ;  but  if  the  proportion  of  ammonia  be 
very  minute,  the  only  perceptible  change  is  the  disappearance  of 
the  brown  colour  of  the  solution. 

Another  still  more  delicate  test  of  the  presence  of  free  am- 
monia is  afforded  by  the  use  of  a  liquid  consisting  of  a  mixture 
of  equal  parts  of  a  saturated  solution  of  arsenious  acid  and  of  a 
solution  containing  2  per  cent,  of  argentic  nitrate;  traces  of 
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ammonia  cause  tlie  fonnation  of  the  yellow  triar^ntic  anenite 
(Dr.  A.  Taylor).  Thisi,  however,  though  a  sensitive,  is  not  a 
charactenstic  test,  since  a  trace  of  any  free  alkali  or  alkaline 
earth  produces  a  similar  result. 

Another  very  characteristic  and  extremely  delicate  test  of 
ammonia  and  of  its  salts  is  the  following : — Prepare  a  solution  of 
corrosive  sublimate  to  which  potassic  iodide  is  added  until  the 
precipitate  of  mercuric  iodide  is  nearly  redissolved ;  then  pour 
into  the  clear  liquid  a  solution  of  caustic  potash,  and  allow  it  to 
become  perfectly  clear  by  standing,  then  decant  the  liquid.  If 
this  solution  be  added  in  excess  to  a  liquid  containing  a  trace  of 
ammonia,  or  of  its  salts,  it  assumes  a  brown  tinge,  or  furnishes  a 
brown  precipitate,  according  as  the  proportion  of  ammonia  is  less 
or  more,  hydrarg-ammonium  iodide,  or  ammoniimi  in  which  4 
atoms  of  hydrogen  are  displaced  by  a  of  mercury  (Hg/'NJ,H,0) 
being  formed  (Nessler).  The  reaction  does  not  occur  in  the 
presence  of  sulphides  or  cyanides  of  the  metals  of  the  alkalies. 
According  to  Schoyen  a  still  more  sensitive  reaction,  capable  of 
indicating  i  part  in  15  millions,  may  be  obtained  by  adding  to 
about  100  c.  c.  of  water,  i  c.  c.  of  a  solution  of  corrosive  subli- 
mate (i  to  30),  and  the  same  quantity  of  a  solution  of  potassic 
carbonate  (i  to  50),  the  precipitate  consisting  of  Hg''gNCl,HjO,  or 
the  chlorine  compound  corresponding  to  Nessler's  iodide. 

Sodic  Phosphomolybdate  is  also  a  very  delicate  test  for  the 
presence  of  an  ammonium  salt  in  solution.  The  mode  of  pre- 
paring and  applying  it  is  described  under  the  head  of  molybdic 
acid  (829). 

(625)  Estimation  of  Ammonia. — The  most  accurate  method  of 
determining  the  quantity  of  ammonia  in  any  substance,  if  the 
absence  of  potassium  has  been  ascertained,  consists  in  preci- 
pitating it  hjplatinic  chloride,  observing  all  the  precautions  men- 
tioned when  speaking  of  the  use  of  this  test  for  potassiimi  (580) ; 
a  yellow  insoluble  double  salt  falls,  consisting  of  (2H^NCl,PtClJ ; 
it  contains,  in  100  parts,  7*62  of  ammonia.  This  salt  is  easily 
distinguished  from  the  corresponding  potassium  compound  by 
heating  it  to  redness,  in  which  case  metallic  platinum  alone  re- 
mains j  whereas  the  potassium  salt,  though  decomposed  by  this 
treatment,    leaves  the  platinum  mixed  with   potassic  chloride, 

which  may  be  dissolved  out  of  the  residue. 

(626)  The  following  method  of  determining  the  amount  of  ammonia  in  g^oano 
or  in  crude  ammoniacal  salts  will  oflen  be  found  useful.  Ten  grammes  of  the 
matter  for  trial  are  placed  in  a  small  retort,  fig.  347,  and  100  cub.  oentim.  of  water 
are  added :  bj  means  of  a  bent  funnel  25  c.  c.  of  a  solution  of  potash,  of  specific 
gravify  i'2j,  is  alao  introduced ;  50  or  60  c.  0.  of  liquid  is  gradually  distilled 
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into  the  flask,  which  oontuns  loo  c.  o.  of  sulphorio  aoid  diluted  to  tihe 
required  for  the  determination  of  soda  for  alkalimetrical  porpoees  (577)*    If  thi 

miztore  froths  up  inoonfcni- 


Fio.  347. 


entlj  when  boiled,  milk  nf  Ebb 
may  be  snbstitutad  fcgtiiewhf 
tioQ  of  potash.  As  soon  as  50 
or  60  c.  c  of  liquid  baa  bm 
distilled,  the  oonteniB  of  ths 
retort  are  aUowed  to  ooel  a 
little,  and  40  0.  a  of  water  is 
introduced  into  the  Ktort  bj 
the  funnel;  a  second  distiUsp 
tion  is  then  prooeeded  with, 
until  the  quantity  of  water 
just  added  has  passed  onr; 
40  c  c.  more  of  water  ia  agsin 
added  to  the  contents  of  tiie 
retort,  and  the  diatiHatinn  if 
renewed  a  third  time  ontil  this 
additional  quantity  of  water 
has  passed  over :  the  liquid  in 
the  flask  is  then  mixed  with  a 
few  drops  of  infusion  of  Ixtmus. 
This  is  now  to  be  neutralized  in  the  usual  way,  by  means  of  a  atandard  aohi- 
tion  of  caustic  soda ;  the  soda  solution  being  of  such  a  strength  that  one  c.  e.  of  it 
exactly  neutralizes  an  equal  measure  of  the  acid  liquid  originally  introduced  into 
the  flask.  Suppose  that  this  liquid  from  the  flask  now  requires  67  c  o.  of  soda 
solution  instesd  of  100 ;  33  measures  of  the  acid  will  have  been  neotraliaed 
by  the  ammonia;  a  quantity  of  ammonia  will  therefore  have  passed orer  equiva- 
lent to  3*3  grammes  of  anhydrous  soda.  The  corresponding  quantity  of  mminonia 
may  be  calculated  from  the  equivalent  numbers  of  the  two  alkalies :— - 

Bq.  Na,0.  Eq.  H,N. 

Thus,  31  :  17     :  :     y^     :     1*809 

10  grammes  of  the  material  operated  on  in  this  case  would  therefore  have 
contained  1*809  ff^^^t  ^  ^  sample  would  contain  18*09  P^  cent,  of  ammonia. 


CHAPTER  Xni. 
Okoup  II. — Metals  of  the  Alkaline  Earths. 


MeUL 

SymboL 

Atomio 
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Atomic 
▼oL 

SpMlflO 

grsTity. 

Elwtrie 
ooodnetrntT. 

Barium 

Strontium        

Calcium            

Ba 

Sr 

Ca 

40*0 

'•578 

671 

3a-i4 

These  metals  fumisli  but  a  single  basic  oxide :  this  is  soluble  in 
water^  combining  with  it  with  great  avidity.    The  hydrate  absorbs 
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carbonic  acid  rapidly^  forming  a  white  carbonate,  ioBoluble  in 
water.  The  hydrates  also  absorb  chlorine,  forming  bleaching  com- 
pounds. Each  metal  forms  several  sulphides.  The  protosulphide 
is  less  soluble  than  the  others,  and  is  colourless,  whilst  all  the 
others  are  yellow.  The  sulphates,  phosphates^  and  oxalates  are 
insoluble,  or  nearly  so  (see  also  p.  329). 

§  I.  Bakium:  (Ba''= 137-0). 

(627)  Barium  occurs  abundantly  in  the  form  of  sulphate,  and 
is  not  un£requently  found  as  carbonate.  Davy  first  procured  it 
in  the  metallic  state  by  making  mercury  the  negative  electrode 
of  a  voltaic  battery  in  a  strong  solution  of  baric  hydrate ;  the 
barium  was  thus  obtained  as  an  amalgam,  from  which  the  mer- 
cury was  expelled  by  heating  it  strongly  in  a  green  glass  tube 
fiUed  with  hydrogen ;  but  it  does  not  appear  to  have  been  thus 
isolated  in  a  state  of  purity.  When  procured  by  the  voltaic  de- 
composition of  its  fused  anhydrous  chloride,  it  is  of  a  pale  yellow 
colour ;  but  it  is  not  easily  obtained  in  distinct  beads.  Barium 
decomposes  water  rapidly  at  ordinary  temperatures.  In  the  air  it 
is  quickly  tarnished  by  absorbing  oxygen.  It  decomposes  glass  at 
a  red  heat. 

(6a8)  Compounds  of  Barium  with  Oxygen. — Barium  forms 
two  oxides,  a  protoxide,  baryta,  BaO,  and  a  dioxide,  BaO^ :  the 
first  is  the  only  one  which  forms  salts. 

Baryta,  or  Baric  oxide  (BaO  =153-0) ;  8p.  Or.  5'456. — An- 
hydrous baryta  may  be  obtained  by  exposing  baric  nitrate  to  a  red 
heat  in  a  capacious  porcelain  crucible ;  the  salt  decrepitates,  melts, 
and  then  boils  up  and  gives  off  a  large  quantity  of  oxygen  mixed 
with  nitrogen,  leaving  the  baryta  as  a  grey  porous  mass,  which 
absorbs  moisture  and  carbonic  acid  if  exposed  to  the  air.  If 
mixed  with  one-eighth  of  its  weight  of  water  it  slakes,  forming  a 
hydrate,  with  extrication  of  great  heat.  Baryta  may  be  fused 
before  the  oxyhydrogen  blowpipe. 

Baric  sulphide  may  be  employed  for  procuring  pure  baric 
hydrate  (hydrate  of  baryta)  by  boiling  its  solution  with  cupric 
oxide :  baric  hyposulphite  and  cupreous  sulphide,  both  of  which 
are  insoluble,  are  produced,  and  baric  hydrate  is  dissolved; 
6BaS+6H20  +  8CuO=5(BaH30j,)-fBaSjH30^+4Cu3S:  the  hot 
liquid  is  filtered,  and  crystals  of  the  hydrate  {RdS,Jd^9i¥Lfi } 
8p.  Gr.  1*656)  are  deposited  as  the  solution  cools.  Crystals  of 
baric  hydrate  may  also  be  obtained  by  adding  to  a  boiling  solu- 
tion of  caustic  soda,  of  sp.  gr.  i'i2,  an  equivalent  quantity  of 
baric  nitrate  in  small  quantities  at  a  time.     The  hot  solution  is 
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filtered  into  a  y&asel  covered  from  the  air,  and  the  hydrate  is  de- 
posited as  the  liquid  cools.  The  crystals  are  soluble  in  3  timei 
their  weight  of  boiling  water,  and  in  20  of  cold  water ;  the  liquid 
has  a  strongly  alkaline  reaction.  When  exposed  to  the  air,  both 
the  crystals  and  the  solution  absorb  carbonic  acid ;  by  heat,  SUfi 
are  expelled  from  the  crystals,  and  a  monohydrate  is  left,BaH,OyOf 
sp.  gr.  4*495  i  ^^  fuses  at  a  heat  above  redness,  and  retains  its  water 
at  all  temperatures.  Baric  hydrate  is  sparingly  soluble  in  alcohoL 
Baric  dioxide,  or  Peroxide  of  barium  (Ba09=i69)  is  formed 
by  passing  oxygen  over  anhydrous  baryta  at  a  low  red  heat ;  or  by 
mixing  pure  baryta  with  an  equal  weight  of  potassic  chlorate  and 
heating  to  low  redness ;  in  the  latter  case  ignition  commences  at 
one  point,  and  spreads  through  the  mass  like  tinder ;  3Ba04 
KC103=:KCl  +  3BaOj:  the  potassic  chloride  may  be  dissolved 
out  by  water,  and  a  bidky  white  hydrated  baric  peroxide 
(BaO^pdHgO),  insoluble  in  water,  remains.  Brodie,  however,  findi 
that  it  is  impossible  to  convert  much  more  than  half  the  baryta 
into  peroxide  by  either  of  these  methods.  In  order  to  obtain  the 
pure  peroxide,  he  recommends  {Phil.  Trans.  1863,  409)  that  the 
crude  material  be  completely  converted  into  hydrate  by  pulveris- 
ing finely  in  a  mortar,  and  rubbing  it  with  water.  It  is  then 
to  be  mixed  gradually  with  a  very  dilute  solution  of  hydrochloric 
acid,  taking  care  that  the  acid  is  always  in  excess.  The  solution 
is  to  be  filtered,  and  rendered  slightly  alkaline  by  the  addition  of 
baryta  water,  which  separates  alimiina  and  ferric  oxide.  The 
alkaline  solution  is  to  be  filtered  as  rapidly  as  possible  through 
linen  filters,  and  an  excess  of  baryta  water  added  to  the  dear  fil- 
trate ;  baric  dioxide  is  thus  precipitated  in  brilliant  plates,  which 
are  insoluble  in  water,  and  may  be  washed  by  decantation ;  if 
pressed  between  blotting-paper  it  may  be  rendered  anhydrous  by 
desiccation  in  vacuo  over  sulphuric  acid.  It  is  then  quite  stable, 
and  appears  as  a  fine  white  powder  resembling  magnesia. 

By  stroDg  ignition  baric  dioxide  again  parts  with  its  oxygen.  Bovuflinganlt 
{Ann,  de  Ckimie,  III.  xxxf.  5)  even  proposed  to  make  use  of  caustic  baryta  as 
a  means  of  preparing  oxygen  on  a  large  scale  by  alternately  passing  atiiK>qiberic 
air  over  the  baryta  raised  to  a  doll  red  heat,  and  then  expelling  the  abs<vbed 
oxygen  by  intense  ignition :  the  presence  of  a  small  quantity  of  aqueous 
vapour  greatly  assists  the  expulsion  of  the  oxygen,  but  the  process  Gannot 
be  worked  with  facility.  The  anhydrous  peroxide  combines  with  water  when 
moistened,  without  evolving  any  sensible  amount  of  heat,  and  crumbles  down  to 
a  white  powder :  it  is  used  for  procuring  hydric  peroxide  (485).  Baric  peroxide 
becomes  white  hot  when  heated  over  a  spirit-lamp  in  a  rapid  current  of  carbniie 
or  of  sulphuric  anhydride ;  small  white  flames  burst  out  from  its  surface,  whibt 
baric  carbonate  or  sulphate  is  formed. 

(629)  Sulphides  of  Bakium. — Of  these  the  most  important  is 
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the  protosulphide  (BaS= 169).  The  preparation  of  this  substance 
from  the  native  baric  sulphate  presents  some  interest  to  the 
chemist,  for  it  enables  him  to  obtain  with  ease  the  soluble  salts  of 
barium  from  its  insoluble  sulphate.  In  order  to  prepare  the  sul- 
phide, either  the  native  or  the  artificial  sulphate  is  reduced  to  a 
very  fine  powder,  and  intimately  mixed  with  an  equal  weight  of 
starch  or  flour  or  with  one-tenth  of  its  weight  of  powdered  char- 
coal ;  this  is  made  up  into  a  paste  with  oil,  and  introduced  into  a 
crucible  lined  with  charcoal :  the  cover  is  luted  on,  and  the  cruci- 
ble and  its  contents  are  exposed  for  an  hour  to  an  intense  heat. 
By  this  treatment  the  baric  sulphate  is  deoxidized,  carbonic  oxide 
escaping,  whilst  baric  sulphide  remains :  BaSO^+4C=:BaS+4CO. 
When  the  mass  thus  obtained  is  treated  with  successive  small 
quantities  of  boiling  water,  the  sulphide  is  decomposed ;  the  first 
portions  of  the  solution  have  a  yellow  colour,  owing  to  the  forma- 
tion of  hydrosulphate  of  the  sulphide  of  barium,  which  absorbs 
oxygen  and  becomes  partially  converted  into  baric^disulphide, 
whilst  the  latter  washings  contain  gradually  increasing  quanti- 
ties of  baric  hydrate;  aBaS  +  aHj,0=BaS,H,S  +  BaHj,Oj,  and 
2(BaS,Hj,S)  +  0j,=2BaSj,+aHj,0;  but  if  the  mass  be  treated  with 
a  sufficient  quantity  of  boiling  water,  it  becomes  entirely  dissolved, 
and  the  sulphide  is  deposited  as  the  solution  cools  in  colourless 
transparent  crystals,  with  6HjO.  When  treated  with  hydrochloric 
or  any  other  acid,  baric  sulphide  is  decomposed,  and  the  cor- 
responding barium  salt  is  formed,  whilst  sulphuretted  hydrogen 
escapes;  for  instance,  BaS  +  aHCl=BaCl<,  +  H3S. 

(630)  Babic  Chloride,  or  Chloride  of  barium  (BaCi^aK^O^ 
208  +  36);  Sp.  Gr.,  cryst.  2*664;  Anhydr.  3750;  Comp,  in  100 
parts,  Ba,  65*86;  CI,  34*  14. — This  salt  is  obtained  by  dissolving 
the  baric  sulphide  or  carbonate  in  hydrochloric  acid.  On  the 
large  scale  it  may  be  procured  by  fusing  together  i  part  of 
crude  calcic  chloride  (the  residue  of  the  preparation  of  ammonic 
sesquicarbonate)  with  2  parts  of  powdered  native  baric  sulphate ; 
baric  chloride  and  calcic  sulphate  are  formed;  the  chloride  is 
washed  out  rapidly  with  hot  water,  and  purified  by  crystallization. 
Baric  chloride  crystallizes  in  flat  four-sided  tables,  containing 
2H3O,  which  may  be  expelled  by  heat :  water  dissolves  nearly  half 
its  weight  at  59°  (15°  C),  and  three-fourths  at  212®  (100®  C.)  : 
the  presence  of  hydrochloric  or  of  nitric  acid  greatly  diminishes 
its  solubility.  A  solution  of  this  salt  is  the  usual  test  for  ascer- 
taining the  presence  of  a  sulphate  in  solutions,  which  it  indi- 
cates by  the  formation  of  a  white  precipitate  insoluble  in  nitric 
acid.     If  anhydrous  baryta  be  introduced  into  a  jar  of  hydro- 
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chloric  acid  gas  it  becomes  incandescent,  baric  chloride  is  foimedi 

and  water  becomes  condensed  on  the  sides  of  the  vesseL 

{63 1)  Basic  Silicoflttobidb  (BAF,,SiF^  =  279)  la  pcooaved  bj  adding  Mfie»* 
fluorio  aoid  to  a  solation  of  a  l>aric  Bait ;  it  is  quickly  deposited  in  microteqpio  OTt* 
tals,  which  are  insoluble  in  an  ezoesa  of  the  acid.  The  salt  is  anhydrous.  It  m 
decomposed  by  ignition,  which  concerts  it  into  baric  fluoride.  Strcmtio  sifioo- 
flnoride  is  soluble,  and  hence  silicofluorio  acid  may  be  employed  to  dittinginik 
salts  of  barium  from  those  of  strontium. 

(632)  Baric  Sulphate,  or  Sulphate  op  Barium  (BaSO^= 
*33)  9  Sp.  Or.  4-59  :  Ckmp.  in  icx>  parts,  BaO,  65*66 ;  SO^  34*34- 
— ^This  is  the  principal  native  mineral  of  baryta.  It  oocozs  in 
the  mountain  limestone  in  large  veins^  and  is  found  accompany- 
ing the  ores  of  lead  and  other  metals.  It'  is  met  with  both 
massive^  and  crystallized  in  modifications  of  the  right  rhombic 
prism.  The  name  'baryta'  is  derived  from  fiapv^,  heavy,  in 
allusion  to  the  high  specific  gravity  of  this  compound,  which  ii 
about  4'6.  It  is  insoluble  in  water,  and  in  all  the  acids  except 
boiling  concentrated  sulphuric  acid :  as  the  solution  in  this  add 
cools^  crystals  of  the  sulphate  are  deposited.  De  Senarmonl 
found  that  when  the  recently  precipitated  sulphate  is  heated  to 
482^  (250^  C),  for  60  hours  in  a  sealed  tube,  with  diluted  hydro- 
chloric acid,  or  with  a  solution  of  hydrosodic  carbonate  (bicarbo- 
nate), microscopic  crystals  of  the  same  form  as  those  of  the  native 
baric  sulphate  are  deposited  upon  the  sides  of  the  tube.  I  have 
observed  the  formation  of  similar  crystals  when  a  very  dilute 
solution  of  baric  chloride  (i  part  in  lo^ooo)  is  mixed  with  a  smaU 
proportion  of  sulphuric  acid  at  ordinary  temperatures.  At  a 
bright  red  heat  the  sulphate  fuses  into  a  white  enamel :  and  by 
boiling  the  powdered  baric  sulphate  with  either  potassic  or  sodic 
carbonate^  or^  more  rapidly  by  fusing  it  with  either  of  these  salts, 
the  artificial  sulphate  is  partially  converted  into  the  carbonate. 
It  may  be  easily  formed  by  precipitating  a  solution  of  any  barium 
salt  with  any  soluble  sulphate,  when  it  falls  as  a  heavy  white 
powder.  If  nitric  acid  or  any  nitrate  be  present  in  the  solution, 
the  precipitate  carries  down  with  it  a  portion  of  the  nitrate,  m\i 
this  can  only  be  removed  by  long  washing  with  boiling  water. 
Baric  sulphate  is  used  as  a  permanent  white  by  artists  in  water 
colours.  It  is  also  employed  for  adulterating  white  lead ;  when 
ground  with  oil,  however,  it  becomes  partially  transparent,  and 
impairs  the  opacity  of  the  lead  pigment. 

(633)  Baric  Nitrate,  or  Nitrate  of  barium  (Ba2NOj  =  a6i); 
8p.  Gr.  3*284;  Comp,  in  100  parts,  BaO,  58*62;  NjO^,  41-38) 
crystallizes  in  anhydrous  octohcdra,  when  a  solution  of  the  baric 
carbonate  in  nitric  acid  is  evaporated.     It  is  insoluble  in  alcohol^ 
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and  requires  eight  or  ten  times  its  weight  of  cold  water,  and  3  of 
boiling  water,  for  solution.  Nitric  acid  precipitates  it  in  crystals 
from  its  solution,  unless  very  dilute :  when  heated,  it  first  decre- 
pitates strongly,  and  afterwards  fuses ;  on  ignition,  the  whole  of 
the  acid  is  expelled,  with  an  appearance  of  ebullition  owing  to 
the  escape  of  oxygen  and  nitrogen,  whilst  pure  baryta  remains. 

(634)  Baeic  Cakbonatb,  or  Carbonate  of  barium  (BaCO^s 
197) ;  Sp.  Or.  4'3 ;  Comp.  in  100  parts,  BaO,  77*69 ;  CO,, 
22'3i. — ^This  compound  forms  the  mineral  called  wiiheriie:  it 
occurs,  both  massive  and  crystallized,  usually  in  six-sided  prisms 
terminated  by  six-sided  pyramids.  It  is  abundant  in  the  lead- 
veins  in  the  north  of  England,  and  is  also  foiuid  in  Styria  and  in 
Siberia.  It  is  easily  prepared  artificially  by  precipitating  a 
barium  salt  by  the  carbonate  of  one  of  the  alkali-metals ;  it  then 
forms  a  white  powder,  which  is  very  sparingly  soluble  in  pure 
water,  and  is  insoluble  in  water  charged  with  saline  matter :  an 
aqueous  solution  of  carbonic  acid  dissolves  it  rather  freely.  If 
suspended  in  a  solution  of  potassic  or  sodic  sulphate,  in  the  cold, 
and  firequently  agitated,  fr^hly  precipitated  baric  carbonate  is 
converted  into  sulphate ;  but  if  baric  sulphate  be  boiled  with  a 
carbonate  of  one  of  the  alkali-metals,  carbonate  of  barium  and 
sulphate  of  the  alkali-metal  are  produced.  Ignition  of  the  car- 
bonate does  not  expel  the  carbonic  acid,  but  if  it  be  mixed  with 
charcoal  and  intensely  ignited,  it  is  partially  decomposed ;  pure 
baryta  is  obtained,  and  may  be  dissolved  out  with  water.  K 
mixed  with  an  equal  weight  of  calcic  carbonate,  baric  carbonate 
is  decomposed  without  much  difficulty  when  ignited  in  a  current 
of  steam,  a  mixture  of  baric  and  calcic  hydrates  being  formed ; 
baric  hydrate  may  be  dissolved  out  of  the  mixture  by  water. 

Baric  carbonate  is  now  manufactured  to  some  extent  as  a 
substitute  for  a  portion  of  the  alkali  and  oxide  of  lead  in  the 
making  of  plate  and  flint  glass :  the  baric  silicate  which  is  formed 
fuses  and  becomes  incorporated  with  the  other  silicates.  The 
carbonate  is  prepared  for  this  purpose  from  the  sulphate,  which 
is  reduced  to  the  form  of  sulphide  by  ignition  with  carbonaceous 
matter :  the  sulphide  is  then  dissolved  in  water,  and  decomposed 
by  a  current  of  carbonic  acid,  which  precipitates  the  baric  carbo- 
nate as  a  fine  white  powder. 

(635)  Characters  op  the  Salts  op  Barium. — The  barium 
salts  with  colourless  acids  are  colourless.  The  carbonate  and  all 
the  soluble  salts  act  as  powerful  poisons,  and  have  an  acrid,  dis- 
agreeable taste.  The  best  antidote  when  they  have  been  taken 
internally  is  sodic  or  magnesic  sulphate. 
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Barium  salts  when  in  solution  are  easily  recognized  hj  ginng 
with  sulphuric  add  a  white  precipitate  of  baric  sulphate^  whidi 
is  insoluble  in  the  acids.  Barium  is,  for  the  purposes  of  analyns, 
usually  estimated  in  the  form  of  sulphate ;  loo  parts  correspoaid 
to  65-66  of  BaO  and  34*34  of  SO3.  The  presence  of  citrate 
either  of  sodium  or  ammonium  prevents  the  precipitation  of 
baric  sulphate  in  neutral  and  alkaline  solutions  ;  but  these  salts  do 
not  redissolve  the  baric  sulphate  after  it  has  once  been  depoeited. 
On  acidulating  with  hydrochloric  acid  the  solution  containing 
the  citrates,  baric  sulphate  is  precipitated  in  the  usual  manner 
(Spiller). 

With  potassic  or  sodic  carbonate  a  white  precipitate  of  baric 
carbonate  is  produced  in  solutions  which  contain  barium. 
Ammordc  hydrosulphide  gives  no  precipitate  in  such  solutions. 
Hydrodisodic  phosphate  gives  a  white  precipitate  which  is  soluble 
in  diluted  nitric  or  hydrochloric  acid.  Soluble  barium  salts,  when 
mingled  with  alcohol,  tinge  its  flame  of  a  yellowish-green  ooloor. 
In  the  spectroscope  the  spectrum  of  the  barium  salts  is  distin- 
guished by  a  remarkable  series  of  bright  bands  in  the  green^  with 
fainter  bands  in  the  red.  (Part  I.,  fig.  83,  Ba,  page  180).  Barium 
salts  are  distinguished  from  those  of  strontiimi  by  forming  an  in- 
soluble baric  silicofluoride  when  mixed  with  silicofluoric  acid; 
and  by  yielding  no  immediate  precipitate  with  oxalic  acid,  but 
the  mixture  on  standing  deposits  tufts  of  acicular  crystals  of  acid 
oxalate  of  barium.  A  solution  of  sodic  hyposulphite  occasions  t 
crystalline  precipitate  of  the  sparingly  soluble  baric  hyposulphite. 

§  II.  Strontium:  (Sr''=87*5).     ^P^  ^-  ^'54- 

(636)  Strontium  is  an  element  much  less  abundantly  diffused 
than  barium,  which  it  closely  resembles  in  properties.  It  is  found 
both  as  carbonate  and  as  sulphate,  and  is  procured  in  the  metaUic 
state  in  the  same  way  as  barium,  to  which  it  bears  a  relation 
similar  to  that  existing  between  potassium  and  sodium.  Stron- 
tium is  a  malleable  metal  of  a  pale  yellow  colour.  When  heated 
in  the  air,  it  bums  with  a  crimson  flame,  emitting  sparks. 
Water  is  decomposed  by  it  with  evolution  of  hydrogen :  diluted 
nitric  acid  dissolves  it,  but  the  concentrated  acid  is  almost  with- 
out action  even  when  boiled  upon  it. 

(637)  Stbontla.  (SrO=  103*5  •  %  ^-  4'6ii)  may  be  obtained  from  its 
nitrate  by  ignition.  When  mixed  with  water  it  slakes,  and  forms  a  crystalline 
hydrate  (SrH,0,,8H,0 ;  *p.  ffr,  i'396):  these  crystals  require  jo  times  their 
weight  of  cold  and  2  4  of  boiling  water  for  solution ;  8H,0  are  easily  expelled 
by  heat,  the  remaining  atom  requiring  a  much  higher  temperature  for  its  ezpol- 
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sion ;  at  a  red  heat  the  latter  hydrate  fuses,  fhmishiDg  a  mass  of  sp.  gr.  3*625  : 
both  the  hydrate  and  its  eolation  absorb  carbonic  add  rapidly  from  the  air.  No 
peroxide  of  strontium  can  be  formed. 

(638)  ;Stbontic    Chloridb,    or   Chloride  qf  strontium  (SrCl,,6H,0  = 
108*5  +  198;  8p.  Or,  anhydrous,  2'^6,  cryst,  1*603)  cry stallizes  in  slightly 
deliquescent  needles,  which  require  less  than  their  weight  of  cold  water  for  solu- 
tion ;  alcohol  dissoWes  it,  and  the  solution  bums  with  a  crimson  flame.    Strontio 
chloride  is  rendered  anhydrous  by  a  moderate  heat ;  if  heated  strongly  it  fuses. 

Strontic  nlicqfluoride  (SrFj,SiF^  =  229*5)  is  prepared  by  adding  hydro- 
fluosilicic  acid  to  a  salt  of  strontium  :  it  is  tolerably  soluble  in  water,  thus  fur- 
nishing a  character  which  distinguishes  the  compounds  of  strontium  from  those 
of  barium. 

(639)  Strontic  Sulphate^  or  Sulphate  of  strontium  (SrSO^rs 
183*5;  Sp,  Gr.  3*9);  Con^).  in  loo  parts,  SrO,  56*52;  SOj, 
43*48. — ^This  substance  is  found  crystallized  in  rhombic  prisms 
isomorpbous  with  those  of  baric  sulphate;  it  is^  however^  easily 
distinguished  firom  it  by  its  lower  density.  Many  specimens  of 
this  mineral  have  a  delicate  blue  tint^  whence  it  derives  its  mine- 
ralogical  name  of  celestine :  it  often  contains  crystals  of  native 
sulphur.  Strontic  sulphate  is  very  sparingly  soluble  in  water, 
but  is  taken  up  by  boiling  sulphuric  acid,  and  is  soluble  to  some 
extent  in  a  solution  of  sodic  chloride.  It  may  be  formed  by 
mixing  a  solution  of  any  sulphate  with  a  solution  of  a  strontium 
salt. 

(640)  Strontic  Nitrate,  or  Nitrate  of  strontium  (Sr2N03= 
2X1*5;  Sp.  Gr.  anhydr.  2*857,  cryst.  2*113)  crystallizes  from  ho^ 
concentrated  solutions  in  anhydrous  octohedra,  which  are  soluble 
in  5  parts  of  cold  water  and  half  their  weight  of  boiling  water ; 
by  crystallizing  it  at  a  low  temperature  it  may  be  obtained  in 
efflorescent  crystals  with  5H2O.  K  strongly  heated,  it  decrepi- 
tates, and  then  is  decomposed  with  loss  of  oxygen  and  nitrogen, 
leaving  pure  strontia.  It  is  used  by  the  makers  of  fireworks  to 
give  a  splendid  crimson  colour  to  their  flames,  and  is  prepared  for 
them  by  reducing  the  native  sulphate  to  sulphide  by  heating  it 
with  charcoal,  dissolving  the  sulphide  in  water,  and  decomposing 
it  with  diluted  nitric  acid.  It  crystallizes  best  from  an  acid  solu- 
tion. A  mixture  of  40  parts  of  strontic  nitrate  with  from  5  to 
10  of  potassic  chlorate,  13  of  sulphur,  and  4  of  antimonious  sul- 
phide, deflagrates  with  a  magnificent  red  colour ;  the  mixture  is 
dangerous  both  to  prepare  and  to  preserve,  having  more  than  once 
been  the  occasion  of  frightful  accidents  to  the  manufacturers,  from 
its  becoming  ignited  spontaneously.  Strontic  nitrate  is  insoluble 
in  alcohol. 

(641)  Strontic   Carbonate   (SrC03=  147*5) ;  ^P*   ^•3*^5  5 
Comp.   in    100  parts,  SrO,  70*2;  CO,,   29'8. — This    compound 
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forms  the  strontitxnite  of  mineralogists ;  it  occors  both  maasiTe  and 
crystallized^  near  Strontian  in  Argyleshire^  and  hence  the  name 
'  strontia'  given  to  the  earth  which  it  contains.  Mere  ignitum  is 
insufficient  to  decompose  this  salt.  It  is  scarcely  soluble  in  water, 
but  is  dissolved  by  a  solution  of  carbonic  acid.  The  prooesa  of 
preparing  it  consists  in  precipitating  a  strontium  salt  by  the  car- 
bonate of  one  of  the  alkali-metals. 

(642)  Characters  of  the  Strontium  Salts. — ^The  strontium 
salts  with  colourless  acids  are  all  colourless  :  they  have  a  bitter 
acrid  taste^  but  are  not  poisonous.  They  are  distinguished  irfcre 
the  blowpipe  by  the  red  colour  which  they  communicate  to  the 
flame.  By  the  spectroscope  they  are  seen  to  furnish  several  briglit 
bands  in  the  red  and  orange  part  of  the  spectrum,  and  a  brilliant 
band  in  the  blue.  (Fig.  83,  Sr,  Part  I.  p.  180.)  The  flame  of 
strontium  to  the  unaided  eye  seems  to  have  the  same  coloar  as 
that  of  lithium,  but  the  spectra  of  the  two  cannot  be  confounded. 
Reagents  produce  upon  strontium  salts  the  same  effects  as  upon 
salts  of  barium,  excepting  that  neither  silicofluaric  acid  nor  jodfe 
hyposulphite  yields  any  precipitate  in  the  solutions  of  strontium 
salts.  Oxalic  add  gives  an  immediate  turbidity  in  them.  The 
compounds  of  strontium  are  distinguished  from  those  of  calcium 
by  the  gradual  formation  of  a  white  precipitate  on  agitation 
afker  the  addition  of  a  solution  of  calcic  sulphate.  Strontic  sol* 
phate  is  used  for  determining  the  amoimt  of  strontia  in  analysis; 
100  parts  of  it  correspond  to  56*52  of  strontia. 

§  III.  Calcium  :  (Ca''=40.)     Sp.  Gr.  1*578. 

(643)  Calcium  forms  one  of  the  most  abimdant  and  important 
constituents  of  the  crust  of  the  globe.  It  derives  its  name  from 
calx,  lime,  of  which  earth  it  is  the  metallic  basis.  Calcium  occurs 
in  nature  in  combination  with  fluorine,  forming  the  difiierent 
varieties  of  fluor-spar;  it  is  still  more  abundant  in  the  various 
forms  of  calcic  carbonate ;  and  it  is  also  met  with  in  large  quan- 
tities as  gypsum,  which  is  a  hydrated  calcic  sulphate. 

Calcium  was  obtained  by  Matthiessen  (Q.  tT.  Chem,  80c.  viii.  27)  by  tiM 
electrolytic  decomposition  of  a  mixture  consisting  of  2  equivalents  of  caldo  dikn 
ride  and  i  equivalent  of  strontic  chloride.  The  mass  may  be  fused  in  a  H< 
crucible,  in  the  centre  of  which  is  placed  a  porous  tube  filled  with  the  same 
ture,  and  into  this  an  iron  wire  passed  through  the  stem  of  a  tobaooo-pipe  is  in* 
serted :  this  wire  is  connected  with  the  platinode  of  the  battery,  the  zmoode  of 
which  consists  of  a  plate  of  sheet-iron  bent  into  a  cylindrical  form,  and  immersed 
in  the  melted  mass  exterior  to  the  porous  tube :  the  calcium  is  reduced,  and  pie- 
served  from  oxidation  by  so  regulating  the  heat  that  a  film  of  solidified  ssh 
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shall  form  upon  the  sorfaoe  of  the  mixture  in  the  porons  celL  Lies  fiodart 
ohtsins  it  still  more  easily  hj  fusing  caldo  iodide  with  an  equiyalent  quantity 
of  sodium. 

Calcium  is  a  light,  yellowish  metal,  of  the  oolour  of  gold  largely  alloyed  with 
silver :  in  hardness  it  is  intermediate  between  lead  and  gold ;  it  is  very  malleable, 
and  can  readily  be  hammered  into  leaves  thinner  than  writing  paper.  It  melts 
at  a  red  heat.  At  ordinary  temperatures  it  tarnishes  within  a  day  or  two,  even 
in  dry  air,  and  in  the  presence  of  moisture  it  is  slowly  oxidized.  When  heated 
to  redness  on  platinum  foil,  it  bums  with  a  brilliant  scintillating  white  light.  It 
readily  amalgamates  with  mercury :  when  heated  in  chlorine,  or  in  the  vapour 
of  bromine,  iodine,  or  sulphur,  combustion  occurs,  accompanied  by  an  extremely 
vivid  light.  Water  is  rapidly  decomposed  by  calcium,  calcic  hydn^  being  formed 
and  hydrogen  evolved.  Concentrated  nitric  add  does  not  attack  the  metal 
until  heated  to  the  boiling-point,  though  the  diluted  acid  dissolves  it  rapidly. 
Matthiessen  found  that  calcic  chloride  is  not  decomposed  by  heating  it  with 
potassium  or  sodium ;  and  he  concludes  that  the  properties  formerly  assigned 
to  caldum  were  really  due  to  a  mixture  of  potassium  with  aluminum  and  silicon. 

(644)  Lime;  Calcic  oxide  (CaO=56) ;  8p.  Gr.  3*18;  Comp.in 
100  parts,  CsL,  71*43;  O,  28*57. — Calcium  forms  only  one  oxide — 
yiz.,  Mine,  which  has  been  known  from  time  immemorial.  It  is 
obtained  in  a  state  of  purity  by  heating  pure  calcic  carbonate 
(654)  to  fiill  redness ;  this  carbonate  occurs  very  nearly  pure  either 
in  black  or  in  Carrara  marble^  which  if  burnt  for  an  hour  or  two 
in  an  open  fire — or  better  stilly  in  a  crucible  with  a  hole  at  the 
bottom — ^yields  lime  very  nearly  free  from  foreign  matters.  For 
commercial  purposes^  common  limestone^  which  is  an  impure 
calcic  carbonate^  is  burned  in  a  kiln^  the  cavity  of  which  is  usually 
egg-shaped.  Over  the  fire-grate  an  arch  is  formed  with  lumps 
of  limestone^  and  the  kiln  is  filled  up  with  smaller  fragments^  the 
fire  is  then  kindled  below^  and  kept  up  continuously  for  three 
days  and  nights ;  the  kiln  is  then  allowed  to  cool^  the  lime  is 
removed,  and  a  fresh  charge  introduced.  A  better  method  is 
that  known  as  the  continuous  process.  The  kiln  in  this  case  is 
in  the  form  of  an  inverted  truncated  cone :  it  is  charged  with 
alternate  layers  of  coal  and  limestone^  and  the  fire  is  kindled. 
The  Ume^  as  it  is  burned^  gradually  sinks  down^  and  is  removed  by 
openings  at  the  base  of  the  furnace^  and  a  fresh  supply  of  coal  and 
limestone  is  supplied  at  the  top  of  the  kiln.  The  limestone  should 
not  be  too  dry ;  that  which  has  been  quarried  recently  answers 
best.  In  damp  weather^  too^  the  operation  succeeds  better  than 
in  a  dry  state  of  the  atmosphere ;  indeed,  the  process  is  facilitated 
by  injecting  steam  into  the  kiln,  although  in  practice  the  ad- 
vantage which  is  gained  does  not  compensate  for  the  increased 
expense  and  trouble.  In  the  presence  of  aqueous  vapour  an 
interchange  between  the  steam  and  the  carbonic  anhydride  of 
the   limestone    appears    to  be    efiectedj    and    calcic  hydrate  is. 

H   H   2 


468  QUICKLIME — SLAKED   LIMB. 

formed ;  but  the  hydrate  which  is  produced  is  quickly  destroyed 
again. 

Pure  lime^  or  qtucklime,  is  a  white  caustic  powder  which  may 
be  heated  without  fusing  even  in  the  oxyhydrogen  flame^  and 
emits  an  intense  white  light  when  thus  ignited^  as  is  seea  in  its 
application  to  the  Drummond  light.  The  extreme  infusibility  of 
lime  has  led  Deville  to  employ  it  as  a  material  for  lining  crocihles 
which  are  to  be  exposed  to  very  intense  heat. 

Calcic  hydrate,  Hydrate  of  lime,  or  Slaked  lime  (CaH20g=74); 
Sp,  Gr.  2*078 ;  Comp.  in  100  parts,  CaO,  75'68 ;  H^O,  24*32. — 
When  water  is  poured  upon  lime,  the  earth  swells  up  and  enten 
into  combination  with  the  water;  if  the  proportion  of  water  be 
not  too  great,  a  light  dry  powder  is  formed,  attended  with  a 
powerful  extrication  of  heat :  so  great  is  the  heat  thus  developed 
that  fires  have  several  times  been  traced  to  this  source.  The  hydrate 
which  is  formed  is  a  definite  compound  of  i  atom  of  water  with 
I  of  lime.  Lime,  when  exposed  to  the  air,  slowly  attracts  both 
water  and  carbonic  anhydride ;  as  a  result  of  this  action  it  fidls 
to  powder,  and  becomes  what  is  termed  air  slaked;  in  this  case  a 
compoimd  is  gradually  formed,  which  is  by  some  chemists  regarded 
as  a  combination  of  an  atom  of  calcic  carbonate  with  one  of 
hydrate  (CaO,C02  .CaO,H20). 

Lime  is  soluble  in  about  700  parts  of  cold  water ;  this  solu- 
tion is  known  as  lime-water ;  the  earth,  however,  is  less  soluble 
in  hot  than  in  cold  water,  so  that  if  lime-water  saturated  in  the 
cold  be  raised  to  the  boiling-point,  half  the  lime  is  deposited. 
Lime  is  much  more  soluble  in  syrup  than  it  is  in  water ;  the  solu- 
tion in  this  case  also  becomes  turbid  when  heated,  but  clears  again 
as  it  cools.  Lime-water  is  much  employed  as  a  test  for  the  pre- 
sence of  carbonic  acid,  which  instantly  renders  it  turbid  :  it  has  a 
distinctly  alkaline  reaction,  and  an  acrid  taste :  by  evaporating  it 
in  vacuo,  Gay-Lussac  obtained  from  it  calcic  protohydrate  crys- 
tallized in  hexahedral  plates.  Calcic  hydrate  is  decomposed  by  a 
red  heat,  and  pure  lime  remains. 

Milk  of  lime  is  merely  hydrated  lime  diffused  through  water : 
in  slaking  lime  for  its  preparation,  and,  indeed,  generally  where 
small  quantities  of  the  hydrate  are  required  in  a  fine  state  of  sub- 
division, it  is  best  to  use  boiling  water  in  quantity  nearly  equal 
to  twice  the  weight  of  the  lime ;  the  powder  may  afterwards  be 
readily  difiused  through  cold  water. 

(645)  Mortars  and  Cements, — The  great  consumption  of  lime 
in  the  arts  is  for  the  purpose  of  making  mortars  and  cements. 
Pure  lime,  when  made  into  a  paste  with  water,  forms  a  somewhat 
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plastic  mass^  which  sets  into  a  solid  as  it  dries^  bnt  it  gradually 
cracks  and  falls  to  pieces.  It  does  not  possess  sufficient  cohesion 
to  be  used  alone  as  a  mortar ;  to  remedy  this  defect  and  to  prevent 
the  shrinkage  of  the  mass^  the  addition  of  sand  is  found  to  be 
necessary.  Ordinary  mortar  is  prepared  by  mixing  i  part  of  lime 
into  a  thin  paste  with  water^  and  adding  3  or  4  parts  of  sharp 
sand;  of  tolerable  fineness:  the  materials  are  then  thoroughly 
incorporated;  and  passed  through  a  sieve  to  separate  lumps  of 
imperfectly  burned  lime  :  a  suitable  quantity  of  water  is  afterwards 
worked  into  it;  and  it  is  then  applied  in  a  thin  layer  to  the  sur- 
faces of  the  stones  and  bricks  which  are  to  be  united.  The 
bricks  or  stones  are  moistened  with  water  before  applying  the 
mortar,  in  order  that  they  may  not  absorb  the  water  firom  the 
mortar  too  rapidly.  The  completeness  of  the  subsequent  harden- 
ing of  the  mortar  depends  mainly  upon  the  thorough  intermixture 
of  the  lime  and  sand. 

The  theory  of  the  hardening  of  mortar  is  obscure.  The  mortar 
gradually  becomes  dry  upon  its  surface,  and  at  the  same  time  it 
absorbs  carbonic  anhydride  from  the  air ;  but  this  change  is  rarely 
complete,  for  the  central  portions,  after  a  lapse  of  many  ages,  are 
still  found  to  contain  free  lime  in  abundance :  mortar  taken  by 
Dr.  Malcolmson  from  the  Great  Pyramid,  was  still  found  to  con- 
tain a  large  proportion  of  lime  as  hydrate.  A  gradual  combina- 
tion also  takes  place  between  the  lime  and  the  silica  of  the  sand : 
each  grain  of  sand  thus  becomes  superficially  converted  into  a 
hydrated  calcic  silicate,  forming  a  compound  which  by  degrees 
acquires  considerable  hardness,  and  contributes  greatly  to  the 
solidification  of  the  mortar.  All  old  mortar,  when  treated  with 
an  acid,  yields  a  small  proportion  of  gelatinous  silica.  A  mix- 
ture of  calcic  carbonate  with  the  lime  appears  to  set  harder  than 
pure  lime  only ;  so  that  for  many  purposes  lime  which  has  been 
slaked  by  exposure  to  the  air,  and  contains  a  considerable  propor- 
tion of  carbonate,  is  preferred  to  that  slaked  rapidly  by  water. 

Limestones  vary  greatly  in  composition ;  being  rocks  of  sedi- 
mentary origin,  they  are  not  pure  chemical  compounds,  but  con- 
sist of  a  mixture  of  various  bodies,  in  which  calcic  carbonate  is 
the  prevailing  ingredient.  The  different  varieties  of  limestone  are 
distinguished  according  to  the  nature  of  the  most  important  of 
these  admixtures :  a  limestone,  for  example,  is  described  as  mag- 
ncsiau,  argillaceous,  ferruginous,  sandy,  or  bituminous,  according 
as  it  is  characterized  by  the  presence  of  magnesic  carbonate,  clay, 
ferric  oxide,  sand,  or  bituminous  matter.  These  different  lime- 
stones, when  burned,  yield  lime  of  very  different  qualities,  which 
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are  particularly  manifested  by  the  action  of  water  upon  the  fime 
produced.  The  purer  the  lime^  the  more  quickly  does  it  oomlnie 
with  water  when  mixed  with  it.  Such  pure  limes  are  teclmicidly 
termed  rich  or  fat  limes ;  when  the  amount  of  impurities  prcmt 
does  not  exceed  lo  per  cent,  they  slake  rapidly^  daring  wliick 
operation  they  swell  up  and  greatly  increase  in  bulk ;  Mibey  beoome 
extremely  hot^  and  yield  a  soft,  fine,  dense  paste ;  while  those 
which  contain  much  magnesia,  silica,  or  alumina,  slake  slowly, 
emit  but  little  heat,  and  are  technically  termed  poor. 

In  slaking  for  mortar,  a  fine  smooth  paste  is  required :  in  cider 
to  secure  this  condition,  the  slaking  should  be  effected  quickly, 
with  about  3  parts  of  water  to  i  part  of  lime ;  the  mass,  if  com- 
posed of  a  fat  lime,  then  swells  to  between  three  and  four  times 
its  former  bulk  :  if  too  little  water  be  used,  a  crystalline  granular 

hydrate  is  formed. 

The  temperatiure  required  for  burning  lime  varies  with  the  oomporitionof  tilt 
limestone.  When  a  siliceous  limestone  is  burnt,  the  silica  combines  with  ths 
lime  if  the  temperature  be  too  high  and  be  too  suddenly  raised,  and  a  coating  of 
silicate  forms  on  the  surface  of  the  mass,  which  becomes  partially  yitrified.  Sock 
lime  slakes  very  imperfectly,  and  is  said  to  be  de€ul  burnt  If  ordinary  quid- 
lime  be  mixed  with  a  small  quantity  of  calcic  sulphate,  or  if  it  be  re-burnt  at  a 
dull  red  heat  in  an  atmosphere  containing  a  small  proportion  of  sulphnroos  anhy- 
dride, it  acquires  the  property  of  setting  slowly  like  stucco  when  mixed  with 
cold  water,  but  if  boiling  water  be  used  it  slakes  like  common  lime.  Lime  so 
prepared  is  known  as  Scoffs  cement, 

(646)  Hydraulic  Mortars. — Ordinary  mortar,  when  placed  in 
water,  becomes  gradually  softened  and  disintegrated,  whilst  the 
lime  is  dissolved  away.  It  cannot  therefore  be  used  for  sub- 
aqueous constructions.  Some  poor  limes,  however,  which  contain 
firom  15  to  35  per  cent,  of  finely  divided  silica  or  clay,  form 
what  are  termed  hydraulic  limes :  when  mixed  with  a  due  pro- 
portion of  sand  (from  1*5  to  vS  times  their  weight)  they  fumish 
a  mortar  which  possesses  the  valuable  property  of  hardening 
under  water.  These  limes  may  be  artificially  imitated  by  mixing 
with  the  lime  a  due  proportion  of  clay  not  too  strongly  bmmt. 
At  Puzzuoli,  near  Naples,  a  porous  volcanic  material,  which  has 
received  the  name  of  puzzuolana,  is  found.  This  substance,  when 
powdered  and  mixed  with  ordinary  lime,  confers  upon  it  the  pro- 
perty of  yielding  an  excellent  hydraulic  mortar,  which  was  em- 
ployed by  the  Romans  in  many  of  their  buildings,  in  which  it  is 
still  in  perfect  preservation,  having  resisted  the  ravages  of  time 
more  perfectly  than  the  bricks  which  it  was  used  to  cement.  It 
is  found  that  a  puzzuolana  which  is  easily  attacked  by  sulphuric 
acid  is  more  effective  than  one  which  resists  the  action  of  the 
acid.    The  comparative  value  of  a  puzzuolana  may  also  be  roughly 
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and  rapidly  estimated  by  taking  a  given  measure  of  lime-water^ 
and  agitating  it  with  successive  small  quantities  of  finely  pow- 
dered puzzuolana  until  the  alkaline  reaction  disappears ;  the  puz- 
zuolana  combines  with  the  lime  and  abstracts  it  from  the  water. 
The  smaller  the  quantity  of  the  powder  required,  the  more  active 
are  its  hydraulic  powers.  Puzzuolana  consists  chiefly  of  silicates 
of  aluminum,  calcium,  and  sodium. 

Many  other  substances,  when  added  to  lime,  confer  upon  it 
hydraulic  properties  to  a  greater  or  less  extent.  Grelatinous  silica 
shows  this  power  slightly,  and  a  mixture  of  hydrated  silica  with 
freshly  precipitated  alumina  or  magnesia  shows  it  in  a  remarkable 
degree.  Sand,  ferric  oxide,  and  black  oxide  of  manganese,  are  des- 
titute of  this  property.  Prom  a  knowledge  of  these  facts  it  is  easy 
to  convert  ordinary  lime  into  one  possessed  of  hydraulic  properties. 
Clay  is  an  aluminic  silicate ;  when  it  is  heated  with  lime,  decom- 
position '  occurs,  the  alumina  is  set  free,  and  calcic  silicate  is 
formed.  The  materials  are  in  this  way  reduced  to  a  condition 
suitable  for  use,  without  the  addition  of  sand,  as  a  hydraulic 
cement ;  but  great  care  is  required  in  regulating  the  temperature. 
If  it  be  allowed  to  rise  too  high,  partial  vitrification  occurs,  which 
impairs  the  tendency  of  the  cement  to  combine  with  water ;  while, 
on  the  other  hand,  if  the  heat  be  insufficient,  the  alumina  is  not 
liberated  from  its  combination  with  the  silica.  The  immediate 
cause  of  the  solidification  of  these  hydraulic  Umes  appears,  ac- 
cording to  the  experiments  of  Fremy  and  others,  to  be  the  for- 
mation of  a  hydrated  compoimd  of  lime  with  the  alumina,  which 
is  very  hard,  and  insoluble  in  water. 

Hydraulic  limes  do  not  slake  with  any  considerable  emission 
of  heat  when  moistened ;  they  absorb  the  water  without  increasing 
much  in  bidk,  and  form  a  paste  of  small  plasticity.  In  order  that 
a  hydraulic  mortar  may  harden  properly,  it  must  not  be  sub- 
merged till  it  begins  to  set ;  it  should  then  be  kept  moist  until  it 
is  quite  hard,  otherwise  it  will  always  remain  porous. 

The  inanafacture  of  artificial  hydraulic  cement  was  first  establiBhed  upon 
aoand  principles  bj  Yicat.  He  proceeds  thus  in  its  preparation :— Foar  parts 
of  chalk  are  ground  and  levigated  in  water  with  i  part  of  claj,  so  as  to  obtain  a 
very  intimate  mixture  of  the  materials,  which  are  allowed  to  subside,  moulded 
into  blocks,  dried,  and  calcined  at  a  carefully  regulated  temperature.  Portland 
cement  is  a  hydraulic  cement  similar  to  the  above.  It  is  made  from  clay  obtained 
in  the  valley  of  the  Medway,  and  from  chalk  found  in  the  same  neighbour- 
hood :  it  derives  its  name  from  the  circumstance  that  in  colour,  when  dry,  it  re« 
sembles  Portland  stone.  It  is  prepared  by  thoroughly  grinding  the  day  and 
chalk  with  water,  allowing  them  to  subside,  then  drying  and  burning  the  mix- 
ture until  it  undergoes  slight  vitrification  ;  the  mass  is  again  ground,  and  when 
mixed  with  a  proper  proportion  of  water,  it  forms  a  cement  which  poesesses  great 
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hardnefls  and  tenacity ;  it  expands  as  it  solidifies.     If  in  preparing 

the  lime  be  first  burned  and  then  mixed  with  clay  and  rebomed,  it  does  not  it- 

quire  more  than  a  full  red  heat  to  produce  a  good  cement 

The  rapidity  with  which  these  different  kinds  of  hydrsalk 
limes  set,  varies  considerably  with  their  composition.  If  the  day 
do  not  exceed  lo  or  12  per  cent,  of  the  weight  of  the  original 
limestone,  the  mortar  requires  several  weeks  to  harden.  If  the 
clay  amount  to  firom  15  to  25  per  cent.,  it  sets  in  two  or  three 
days,  and  if  from  25  to  35  per  cent,  of  clay  he  present,  lie  solidi- 
fication occurs  in  a  few  hours.  The  substance  to  which  the  term 
Roman  cemerU  is  now  applied  is  a  lime  of  this  latter  descriptioiL 
Roman  cement  is  extensively  prepared  from  nodules  of  septarii 
which  occur  in  the  valley  of  the  Thames.  It  sets  in  a  few  hoon 
after  the  mixture  with  water  has  been  effected,  and  it  soon  rivals 
stone  in  hardness.  According  to  Meyer,  the  composition  of  the 
nodules  employed  in  the  preparation  of  the  cement  is  the 
following : — 

r Calcic  carbonate       ...     66*99 


"nr  Li.        1  ui    •       -J  ^jc         J  Maenesic  carbonate 
Matter  soluble  m  acid  70*0       i  r,  v      x 

'  Ferrous  carbonate 

\  Alumina 

/'Silica 
Alumina 
Insoluble  in  acid  (clay)  23*305  -(Ferric  oxide... 

Lime  0*005 

.Magnesia      0*37 


1*67 

039 
16*89 

1*72 


The  cement  obtained  from  the  neighbourhood  of  Boulogne  is 
almost  identical  in  composition  with  the  foregoing ;  and  similar 
materials  have  been  obtained  in  other  countries,  particularly  in 
the  beds  of  the  Jurassic  formation. 

Concrete  is  a  mixture  of  hydraulic  mortar  with  small  pebbles 
9oarsely  broken. 

(647)  Other  Uses  of  Lime, — Lime  is  also  largely  employed  as 
a  manure,  and  it  is  particularly  valuable  upon  very  rich  vegetable 
soils,  such  as  those  formed  over  peat  bogs :  its  effects  in  these 
cases  are  partially  due  to  the  decomposition  of  the  organic 
matter,  which  it  renders  soluble  and  capable  of  assimilation,  while 
the  lime  itself  is  converted  into  carbonate.  It  has  been  found 
that  limestone  containing  much  magncsic  carbonate  yields  a  lime 
unsuited  to  agricultural  purposes ;  this  has  been  attributed  to  the 
fact  that  magnesia  absorbs  carbonic  acid  much  more  slowly  than 
lime,  and  remains  caustic  for  a  longer  period,  in  which  state  it 
appears  to  be  injurious  to  the  tender  shoots  of  young  plants. 

The  strong  attraction  existing  between  lime  and  carbonic  add 
renders  it  a  valuable  material  for  separating  this  acid  from  the 
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potassic  and  sodic  carbonates,  when  these  alkalies  are  required  in 
a  caustic  form.  The  attraction  of  lime  for  water  furnishes  a 
means  of  removing  this  liquid  from  many  substances  which  re- 
tain it  with  considerable  force,  such  as  alcohol ;  the  finely  pow- 
dered lime  is  mixed  with  the  alcohol,  and  the  mixture  after  being 
allowed  to  stand  for  a  few  days,  with  occasional  agitation,  is 
subjected  to  distillation :  anhydrous  alcohol  passes  over,  leaving 
the  water  combined  with  the  lime.  Slaked  lime  is  employed 
as  a  direct  chemical  agent  in  the  purification  of  coal-gas,  and 
as  a  means  of  loosening  the  epidermis,  and  facilitating  the  re- 
moval of  the  hair  from  hides,  as  a  preliminary  to  the  process  of 
tanning. 

Hydric  peroxide  forms  an  insoluble  compound  with  lime, 
which  is  precipitated  in  crystalline  scales  when  the  peroxide  is 
poured  into  lime-water :  it  is  very  unstable,  and  undergoes  spon- 
taneous decomposition  at  the  temperature  of  the  air.  This  sub- 
stance has  been  described  as  binoxide  of  calcium. 

(648)  Sulphides  op  Calcium. — Calcium  forms  several  com- 
pounds with  sulphur,  some  of  which  are  soluble. 

Calcic  protosulphide  (CaS  =  72)  is  procured  by  decomposing 
a  mixture  of  calcic  sulphate  and  charcoal  by  heat  as  directed  for 
preparing  baric  sulphide.  It  is  insoluble  in  cold  water,  but 
when  treated  with  boiling  water  in  small  proportion  is  converted 
into  calcic  hydrate,  and  a  soluble  calcic  disulphide.  Calcic  pro- 
tosulphide  is  phosphorescent  when  newly  prepared.  This  pro- 
perty was  first  observed  by  Canton,  in  an  impure  calcic  sulphide, 
which  he  obtained  by  calcining  oyster-shells  in  an  open  fire  for 
half  an  hour,  then  selecting  the  whitest  and  lai^est  portions,  and 
packing  them  with  one-third  of  their  weight  of  flowers  of  sulphur 
iii  a  crucible  with  a  luted  cover ;  this  was  heated  strongly  for  an 
hour :  when  cold,  the  crucible  was  broken,  and  the  whitest  pieces 
were  placed  in  well-closed  bottles. 

Calcic  sulphide  forms  one  of  the  principal  constituents  in  the 
soda  waste  of  the  alkali  maker.  When  exposed  to  the  air  in  a 
moist  state  it  absorbs  oxygen  and  furnishes  calcic  hyposulphite  in 
large  quantity :  aCaS  +  aH^O  +  aO,^: CaO,Hj,0  +  CaSjH^O^. 

By  boiling  slaked  lime  with  excess  of  sulphur,  calcic  penta- 
stUphide  is    obtained,  and  calcic  hyposulphite  is  formed  at  the 

same  time  :  3CaO  +  6S3  -f  H^O = aCaS^  -h  CaSgH^O^. 

(649)  Calcic  Phosphide  (CaPP  =  71). — This  compound  presents  some  in- 
tereflt,  from  its  affording  the  most  c<mvenient  source  of  some  of  the  phosphides  of 
hydrogen  (455).  It  is  prepared  by  distilling  phosphorus  over  lime  heated  to 
low  redness :  a  mixture  of  calcic  phosphide  and  pyrophosphate  is  the  result, 
71*  +  jCaO  =  Ca^PjO,  +  jCaP  (P.  Th^nard).     The  most  convenient  method  of 
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Mmdnoting  the  operation  !■  sbown  in  fig.  548.     In  the  hnrer  put  of  a  itaraw 
deep  onicible,  a.,  a  bole  ii  drilled  for  Ihe  TBception  of  the  neck  of  ft  flMk,  B,  «biA 
ii  luted  into  the  aperture ;  ft  quantity  of  irj  pbo^benf 
Yio.  348.  is  placed  in  the  fluk,  and  the  crueible  ii  filled  with  qvoA- 

lime,  broken  into  fragmente  of  aboat  the  siie  of  a  hail 
nut;  a  lid  ia  then  luted  upon  the  top  of  th«  oociUa. 
Time  having  been  given  for  the  luting  to  boeaaae  iij, 
the  npper  part  of  the  crucible  ii  raised  to  a  rad  hat  at 
qnicklj  a*  powible,  hj  Burmnnding  it  with  ignited  dla^ 
ooal,  the  lower  part  of  the  furnace  having  bMB  filM 
with  cold  charcoal,  to  prevent  the  heat  ftttta  iiiiliinn 
the  phoephonm  too  rapidly;  the  phoiphoros becomes gi^ 
doallj  volatjlized  as  the  heat  reachet  it.  If  tho  beat  bl 
too  high,  the  phonphoruB  distilB  over  witbont  ooiDl»niD| 
with  the  calciam. 

Calcic  phosphide  when  procured  in  this  manner  fimn 
an  anhjdroux  maw  of  a  dull  red  uolonr,  hard  enongh  to 
strike  fire  with  steel ;  it  experiences  no  change  in  drj  air  or  in  oxygen  at  the 
ordinary  temperature.  At  a  high  temperature  it  becomes  partially  deoompoNd 
hj  oxygen,  chlorine,  or  hydrochloric  acid ;  in  a  moist  abnoapheie  it  alaka^ 
Omiln  phospharett«d  hydn^n,  and  crumblea  to  a  brown  powder.  Thia  powda, 
when  thrown  into  water,  or  heated  to  111°  (100°  C),  evolve*  phoaphnnttad 
hydn^n,  which  ii  not  self-lighting,  and  is  mixed  with  five  hydrogen. 

Calcic  phosphide,  in  its  unslaked  form,  is  decompoced  when  thrown  mte 
water ;  phoephurett«d  hydrogen  gas  it  evolved,  and  takes  fire  with  tha  pheno- 
menon already  deacribed  (4^4) :  diluted  acids  prodace  its  deeompoutiai  itiD 
more  rapidly. 

(64911)  Calcic  DUilieide,  or  SiliciiU  qf  ealeivm  (Si,Ca). — WAbhr 
[Liebiy't  .^Rna{.cixviLi57),in  order  to  prepare  this  singular  compound,  direct! 
30  grammes  of  graphitoid  silicon  to  be  finely  powdered  and  intimately  mixed  with 
aoo  grms.  of  calcic  chloride  in  a  hot  mortar,  and  to  he  rapidly  shaken  op  in  a 
wide-monthed  bottle  with  23  grma.  of  sodium  out  into  small  pieces  :  meantima 
a  Hessian  cmcibie  is  to  be  brought  to  a  fall  red  heat  in  a  gtwl  wind-fomaES; 
a  little  fnaed  common  salt  is  to  he  thrown  into  the  crneihle,  and  upon  this  a 
maaa  of  sodium  of  13  grms. ;  then  the  mixture  of  silicon  and  aodinm  and  aide 
chloride,  and  the  whole  ia  covered  with  a  layer  of  polveriied  fused  sodie  chloride: 
afler  this  the  cover  ia  put  on  ;  the  fire  is  then  gradually  raised,  and  maintained 
for  half  an  hour  at  a  temperature  sufficient  to  melt  cast  iron.  On  bresking  the 
emoible  afler  it  has  cooled,  the  calcic  disilicide  onght  to  be  found  in  the  fitrm  ol 
a  well-thsed  button,  which  mnit  be  preserved  in  well-closod  vessels. 

Calcio  disilicide  has  a  leaden-grey  metallic  lustre  and  a  scaly  erystalline 
stmctnre,  with  an  indistinct  indication  of  hexagonal  plates.  When  eipoaed  to 
the  air  it  crumbles  down  slowly  into  a  maas  of  graphite-like  plates.  If  thrown 
into  water  a  similar  change  occnrs,  attended  with  a  very  gradual  hut  probmgsd 
disengagement  of  hydrogen.  This  disintegration  is  dne  to  the  hydration  and 
oxidation  of  part  of  the  caliunm  and  ulicon,  the  new  products  remaining  mixed 
with  some  unaltered  silicide.  Fuming  nitric  acid  does  not  attack  the  calcio  disili- 
cide. Hjdrochlorio  acid,  aa  well  us  dilute  nnlpbnrio  and  acetic  acids,  conveits  it 
into  the  yellow  substauoe  already  described  (47 1),  whilst  hydrc^fsn  escapes. 

Cakio  disilicide  has,  in  the  hands  of  Wohler,  proved  a  sonroe  from  which  he 
has  been  enabled  to  procure  various  compounds  of  silicon,  hydrogen,  and  oxygen. 
presenting  some  analogy  with  the  compounds  of  carbon  with  the  same  elaueots, 
and  will  probably  give  rise  to  farther  researches  of  importance. 

(650)    Calcic    Chlobidb,  or    Chloride  0/  calcium    (CaCly 
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6H30=iii  +  io8) ;  Sp.  Gr.  fused,  2*48^,  cryst.  v6So;  Comp.  in 
100  parts,  CvLj  26'03 ;  01,63*97. — ^This  salt  is  obtained  as  a 
secondary  product  in  the  manufacture  of  carbonate  firom  chloride 
of  ammonium,  but  it  may  be  prepared  by  dissolving  chalk  in 
hydrochloric  acid,  evaporating  to  dryness,  and  fusing  the  residue 
at  a  red  heat.  Under  these  circumstances,  a  small  portion  of 
the  chlorine  is  displaced  by  the  oxygen  of  the  air,  so  that  the 
mass  has  an  alkaline  reaction,  owing  to  the  presence  of  lime.  By 
evaporation  of  its  solution  the  chloride  may  be  obtained  in 
striated  prismatic  six-sided  crystals  with  6HgO,  which  fuse  at 
84^*2  (29®  C).  In  this  form  it  produces  great  depression  of  tem- 
perature when  dissolved  in  water,  and  if  mixed  with  snow  it 
furnishes  a  powerful  freezing  mixture.  If  the  hydrated  salt  be 
exposed  to  a  prolonged  heat  of  302°  {150^  C.)  it  forms  a  porous 
mass  which  still  retains  aH^O ;  in  this  state  it  is  well  adapted  for 
the  desiccation  of  gases.  Calcic  chloride  is  extremely  deli- 
quescent ;  a  saturated  solution  of  the  salts  boils  at  355°  (i  79^*5  C.), 
and  is  sometimes  employed  where  a  steady  temperature,  not  ex- 
ceeding this  point,  is  required.  It  is  soluble  in  alcohol,  and 
may  be  obtained  from  its  alcoholic  solution  crystallized  in  rect- 
angular plates  (CaClj,,  ^Cfifi)  containing  4  atoms  of  alcohol. 
Calcic  chloride  absorbs  ammonia  rapidly,  and  forms  a  compound 
with  8  atoms  of  the  gas.  A  solution  of  the  chloride,  if  boiled 
with  quicklime  and  filtered  while  hot,  deposits  long,  flat,  thin 
crystals  of  a  hydrated  oxychloride,  consisting  of  (CaCl^  3CaO, 
i^Hfi),  which  is  decomposed  both  by  water  and  alcohol. 

Calcic  iodide  (Cal,). — This  is  a  soluble  colourless  compound,  which  may  be 
obtained  by  dissolving  chalk  in  hjdriodic  acid,  and  evaporating  the  solution 
rapidly  to  dryness  in  a  vessel  in  which  it  is  excluded  from  the  air. 

(651)  Calcic  Fluoride,  or  Fluoride  of  calcium  (CaPg 
=  78);  Sp.  Gr.  3*14;  Comp.  in  100 parts,  Ca,  51*28;  F,  4872. 
— This  is  an  abundant  mineral,  well  known  as  fluor-spar, 
which  occurs  either  massive,  or  crystallized  in  forms  allied  to  the 
cube.  It  is  found  accompanying  the  lead  veins  in  Cumberland, 
Derbyshire,  and  Cornwall,  and  is  met  with  in  a  variety  of  other 
localities,  of  various  colours,  most  firequently  blue,  green,  or 
white.  Fluor-spar  is  the  principal  source  from  which  the  com- 
pounds of  fluorine  are  obtained.  Calcic  fluoride,  in  minute 
quantity,  is  found  in  sea- water,  and  in  many  springs :  it  is  a 
never-£Etiling  companion  of  calcic  phosphate  in  the  bones  and 
teeth  of  animals,  and  indeed  is  always  found  to  accompany  calcic 
phosphate  in  the  mineral  kingdom  also,  in  small  but  variable 
quantities.     Most  varieties  of  fluor-spar,  when  gently  heated. 
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become  phosphorescent^  emitting  a  pale  green  or  violet  light;  if 
heated  more  strongly^  the  crystals  decrepitate^  and  each  firagmeot 
becomes  enveloped  for  a  few  seconds  in  a  beautiful  halo  of  li^it 
It  loses  this  property  after  having  been  once  heated  ;  a  phospho- 
rescent fluor^  dissolved  in  hydrochloric  acid  and  precipitated  by 
ammonia,  retains  its  power  of  emitting  light  when  heatedj  bat  if 
it  had  been  previously  heated  sufficiently  to  destroy  the  phos- 
phorescence, this  property  is  not  restored  by  solution  and  repie- 

cipitation. 

Powdered  fluor-spar  absorbs  sulpharic  acid  if  mixed  with  it  at  a  low  ten- 
perature,  and  forms  a  transparent,  viscous  mass,  from  which  ftimet  of  hydro- 
fluoric acid  are  evolved  bj  heating  it  to  104®  (40**  C.)*  Fluor-spar  nndttgwi 
no  change  when  heated  with  sulphuric  anhydride,  but  with  borado  anhydnds  ii 
yields  calcic  diborate  and  boric  trifluoride ;  3CaF,  +  4B,0,  =  3(Ca2B0J  +  aBF^. 
Hydrochloric  acid  dissolves  it  in  small  quantity.  If  heated  in  a  current  of  chlo- 
rine, a  gas  which  corrodes  glass  is  expelled.  It  is  not  known  whether  this  ii 
fluorine  or  chloride  of  fluorine.  YHien  fluor-spar  is  fused  with  the  bydntod 
alkalies  it  undergoes  no  change :  with  the  carbonates  of  the  alkali-metals,  flnixifb 
of  the  alkali-metal  and  calcic  carbonate  are  formed.  If  heated  with  calcic  sul- 
phate, it  fuses  and  forms  a  glass  which  is  transparent  when  hot,  but  enamel-white 
when  cold.  In  proper  proportions  it  often  forms  a  valuable  flux  in  smelting  th« 
ores  of  various  metals,  and  hence  the  name  Jluor  is  derived,  though  it  requim 
rather  an  elevated  temperature  to  fuse  it  when  heated  without  any  admiztoze. 

(fi^o)  Calcic  Sulphate,  or  Sulphate  op  Calcium  (CaSO| 
=  136);  Sjp.  Gr.  2*95;  Comp.  in  100  parts,  CaO,  41*18;  SOp 
58-82 ;  crystallized  as  gypsum  [C^&O^TMfi^iTi) ;  ^.  Gr,  2*305 
water  in  100  parts,  20*93. — ^This  compound  occurs  free  from 
water  in  the  mineral  anhydrite,  crystallized  in  rectangular  prisms, 
which  are  found  in  the  salt  rocks  of  the  Tyrol,  and  in  Upper 
Austria ;  but  it  is  much  more  abundant  as  a  hydrate  with  2H2O : 
it  is  then  met  with  either  in  transparent  flattened  prisms^  known 
as  selenite,  or  still  more  frequently  in  a  fibrous,  granular,  compact, 
or  earthy  form,  constituting  the  diflFerent  varieties  of  gypsum  and 
alabaster.  Calcic  sulphate  is  a  very  common  impurity  in  spring 
water.  The  solubility  of  calcic  sulphate  diminishes  as  the  tem- 
perature rises :  at  ordinary  temperatures  water  is  able  to  dissolve 
about  150  grs.  per  gallon, or  2*142  grms.  per  litre;  but, according 
to  Chandler,  at  a  temperature  of  255°*2  (i24°C.),when  the  pressure 
is  equal  to  that  of  about  two  atmospheres  of  steam,  little  more  than 
one-fourth  of  this  amoimt  is  held  in  solution ;  while  under  a  pres- 
sure of  three  atmospheres,  or  at  27i°'4  (133°  C.)>  not  more  than 
one-twentieth  is  soluble,  and  at  a  temperature  of  302^  (150°  C.) 
it  is  practically  insoluble.  Chlorides  of  calcium  and  magnesium 
diminish  the  solubility  of  calcic  sulphate,  while  sodic  hypo- 
sulphite is  said  to  increase  it  tenfold.  Waters  which  contain 
calcic  sulphate  in  solution  are  often  termed  selenitic ;  they  deposit 
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upon  the  interior  of  boilers  in  which  they  are  used^  a  strongly 
adherent  fiir  or  crusty  the  composition  of  which  is  a(CaSOJ  .  H^O. 

Calcic  sulphate  is  produced  whenever  a  strong  solution  of  a 
calcium  salt  is  precipitated  by  any  sulphate^  in  which  case  it  falls 
as  a  white  voluminous  sparingly  soluble  hydrate.  It  is  insoluble 
in  alcohol,  but  is  dissolved  to  some  extent  by  diluted  nitric  and 
hydrochloric  acids.  When  heated  it  loses  its  water,  and  if  the 
temperature  be  raised  to  bright  redness,  the  anhydrous  mass 
fuses,  and  may  be  obtained  in  crystals  the  same  in  form  as  those 
of  anhydrite. 

Gypsum  constitutes  a  manure  of  considerable  utility  when 
judiciously  employed ;  but  the  most  remarkable  property  of  calcic 
sulphate,  and  that  for  which  it  is  chiefly  valued,  is  the  power 
which  the  hydrated  variety  possesses,  afker  it  has  been  deprived 
of  water  by  a  heat  not  exceeding  500°  (260^  C),  of  again  com- 
bining with  water,  and  binding  or  setting  into  a  hard  mass.  The 
firiable  mass  obtained  by  depriving  gypsum  of  water  and  reducing 
it  to  a  fine  powder  constitutes  what  is  known  as  plaster  of  Paris, 
from  the  circumstance  that  it  is  manufactured  abundantly  in  the 
vicinity  of  the  French  metropolis.  If  the  dry  powder  be  made 
into  a  thin  paste  with  water,  the  mixture  becomes  solid  in  a  few 
minutes,  expands  perceptibly  at  the  moment  of  solidification,  and 
experiences  a  considerable  rise  of  temperature,  which  in  large 
masses  may  amount  to  25^  or  30^  C. :  a  combination  of  2  atoms 
of  water  with  i  atom  of  calcic  sulphate  occurs,  and  eventually  it 
becomes  as  hard  as  the  original  gypsum,  each  atom  of  the  salt 
recombining  with  the  2  atoms  of  water  it  had  lost.  It  is,  how- 
ever, particularly  worthy  of  observation,  that  if  the  sulphate  be 
heated  to  redness,  it  becomes  very  much  denser,  assumes  a  crys- 
talline structure,  and  loses  the  power  of  setting  or  solidifying 

when  mixed  with  water. 

Plaater  of  Paris  is  manufactared  in  large  quantities  for  architectural  pur* 
poses  :  it  is  also  extensively  used  in  modelling,  and  in  taking  accurate  copies  of 
objects  of  every  description.  Suppose,  for  instance,  it  were  desired  to  copy  a 
medal :  a  raised  rim  of  pasteboard  is  attached  to  the  medal,  wbich  is  anointed 
with  a  little  oil,  to  prevent  the  plaster  from  adhering  to  its  surface.  The  dried 
plaster  is  then  mixed  with  water  till  it  is  of  the  consistence  of  thin  cream,  and 
is  immediately  applied  carefully  with  a  hair  pencil  to  every  part  of  the  surface, 
BO  as  to  exclude  air ;  after  which  a  thicker  cream  is  poured  into  the  mould : 
in  a  few  minutes  the  mass  becomes  solid,  and  the  cast  may  be  removed  from  the 
medal. 

The  addition  of  i  or  2  per  cent,  of  many  salts — particularly  of  alum,  of 
potassic  sulphate,  or  of  borax — confers  upon  gypsum  some  properties  of  consider- 
able practical  importance.  Gypsum  which  has  been  thus  treated  will  endure  a- 
dull  red  heat  without  losing  its  power  of  setting  when  mixed  with  water.  It 
becomes  much  denser  than  ordinary  plaster,  and,  when  mixed  with  water,  sets  in 
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the  ootine  of  a  few  hoim,  and  fonns  a  hard  material  which  takes  ft  high  poGdL 
Keene's,  Martin's,  and  Eeating's  cement  are  the  reepectiTe  names  imdflr  wUdi 
plaster  so  treated  is  known.  Stucco  consists  of  coloured  plaater,  mizied  witik  a 
solution  of  size.  The  different  colours  exhibited  by  stucco  are  obtained  bj  thi 
admixture  of  oxides  of  iron  and  other  metals.  By  friction  its 
oeptible  of  a  high  polish. 

PoU/haUite  is  the  mineralogical  name  for  the  sulphate  of 
nesium  and  calcium  (E,Ca,Mg4SO^,2H,0),  'which  is  someUmes  fimnd  nalife 
associated  with  rock-salt,  as  at  Stassfurt,  and  has  been  formed  onraaionaDijdiiiiBf 
the  manufacture  of  tartaric  acid.     It  is  decomposed  bj  water. 

Calcic  sulphate  also  forms  a  double  salt  with  sodic  sulphate,  whiok  oeem 
native  under  the  name  of  y/at»&er»to  (Na^CaaSOJ  ;  it  is  anhydrooSy  and  neiriy 
insoluble  in  water. 

(653)  Calcic  Nitrate^  or  Nitrate  of  calcium  (Ca2NO^,4H|0 
=  164+72:  Sp.  Chr.  anhydrous,  2*24;  cryst.  1780)  is  a  ddiques- 
cent  salt^  which  crystallizes  in  long  prisms :  when  anhydrovtty  it 
emits  light  if  gently  heated.     It  is  soluble  in  alcohol. 

(654)  Calcic  Carbonate^  or  Carbonate  of  Lime  (CaCO|i 
=  100) :  Sp.  Gr.  of  Iceland  spar,  272 ;  of  Aragonite,  2*97;  CtMiy.  m 
100  parts,  CaO^  56 ;  CO^^  44. — ^This  substance  is  one  of  the  most 
abundant  components  of  rocks  and  minerals.  In  the  uncrystalHnd 
condition^  it  forms  the  different  varieties  of  limestone,  ooUie,  chalk, 
and  calcareous  marl;  it  is  the  principal  constituent  of  coralsy  of 
the  shells  of  fishes^  and  of  the  eggshells  of  birds ;  it  also  enters 
in  greater  or  less  quantity  into  the  bones  of  animals.  In  minute 
granidar  crystals  it  forms  the  different  kinds  of  marble,  and  it  is 
found  in  a  greater  variety  of  regular  crystalline  forms  than  any 
other  known  compound.  Its  primary  form  is  a  rhombohedion, 
as  is  seen  in  Iceland  spar,  but  it  also  occurs  in  the  incompatiUe 
form  of  aragonite,  in  six-sided  prisms^  and  is  consequently  dimor- 
phous. Aragonite  is  isomorphous  with  strontic  carbonate,  and 
its  crystals  not  unfrequently  contain  small  quantities  of  this 
mineral^  the  occurrence  of  which  it  is  supposed  may  assist  in 
determining  the  assimiption  of  the  prismatic  form  by  the  calcic 
carbonate.  When  aragonite  is  heated  it  falls  to  powder,  and  the 
grains  are  stated  to  assume  the  form  of  minute  rhombs.  Calcic 
carbonate  is  produced  whenever  a  calcium  salt  is  precipitated  by 
the  addition  of  an  alkaline  carbonate,  and  if  the  solutions  be 
mixed  at  the  boiling-point,  the  carbonate  falls  in  microsome 
crystals^  having  the  form  of  aragonite. 

It  is  sometimes  necessary  to  obtain  a  perfectly  pure  caldc 
carbonate ;  for  this  purpose  a  solution  of  calcic  nitrate  may  be 
mixed  with  an  excess  of  lime-water,  which  precipitates  magnesia, 
alumina,  ferric  oxide,  and  other  metallic  oxides;  the  filtered 
solution  is  decomposed  by  the  addition  of  a  mixture  of  ammonia 
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and  amnionic  sesqnicarbonate ;  the  precipitate  is   washed  tho- 
roughly^ then  dried^  and  heated  to  low  redness. 

Cidcic  carbonate  is  decomposed  by  a  red  heat^  if  the  gas  can 
fireely  escape ;  but^  according  to  Sir  J.  Hall^  in  closed  vessels  it 
fuses  without  undergoing  decomposition^  and  on  cooling  becomes 

converted  into  a  granular  crystalline  mass^  like  marble. 

A  combination  of  calcic  and  sodic  carbonates,  in«olable  in  water,  was  found 
at  Merida,  in  South  America,  and  called  Quy-LutHte  (CaNa^2CO,,5H,0).  Bar^ 
tocalcite  (CaBaiCO,)  is  a  native  doable  carbonate  of  calcium  and  barium,  which 
crystallizes  in  oblique  prisms. 

(655)  Calcareous  Waters, — Calcic  carbonate  is  soluble  in  pure 
water  to  the  extent  of  about  0*3  mgrm.  per  litre,  or  rather  more 
than  2  grains  in  i  gallon,  but  it  is  freely  taken  up  by  water 
charged  with  carbonic  acid,  and  is  deposited  again  in  anhydrous 
crystals  as  the  gas  escapes.  In  this  way  enormous  masses  of 
crystalliised  calcic  carbonate  are  formed.  In  the  limestone  hills 
of  Derbyshire,  and  in  various  other  localities^  caverns  occur  in 
which  this  phenomenon  is  perpetually  exhibited;  water  charged 
with  carbonic  acid  and  calcic  carbonate  makes  its  way  through 
the  roof  of  the  cavern,  where,  as  the  carbonic  acid  gradually 
escapes^  the  carbonate  is  deposited  in  dependent  masses^  like 
icicles,  termed  stalactites ;  whilst  the  water  falling  on  the  floor  of 
the  cavern  before  it  has  parted  with  all  its  excess  of  carbonic 
acid  and  dissolved  limestone^  deposits  a  fresh  portion  of  the  crys- 
talline matter ;  and  thus  a  new  growth,  or  stalagmite,  gradually 
rises  up  to  meet  the  stalactite  which  depends  from  the  roof:  in 
this  way  a  natural  pillar  of  crystallized  calcic  carbonate  is  formed. 

It  is  in  a  similar  manner  that  the  calcareous  deposits  from  the 
lakes  of  volcanic  districts  are  produced.  These  deposits^  when 
porous,  have  received  the  name  of  tt^a ;  when  more  compact^ 
they  are  termed  travertine.  Travertine  is  formed  abimdantly  in 
many  of  the  Italian  lakes ;  it  was  highly  valued  for  architectural 
purposes  by  the  Romans,  as  it  is  a  material  easily  wrought,  may 
be  polished  readily,  and  possesses  great  durability  and  beauty. 

Many  spring  waters  contain  calcic  carbonate  held  in  solution 
by  carbonic  acid :  when  the  water  is  boiled  this  acid  is  expelled^ 
and  the  carbonate  is  deposited,  forming  a  lining  more  or  less  co- 
herent upon  the  sides  of  the  vessel.  In  steam  boilers  this 
becomes  a  serious  evil :  it  is  effectually  prevented  by  the  addition 
of  a  small  quantity  of  soda-ash  or  of  sal  ammoniac  to  the  water ; 
in  the  latter  case  ammonic  carbonate  is  formed^  and  volatilized^ 
while  calcic  chloride  remains  dissolved. 

Br.  T.  Clark  has  contrived  a  plan  for  softening  such  calcare- 
ous watersj  by  removing  the  carbonic  acid  from  ihem^  and  causing 
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the  precipitation  of  the  calcic  carbonate  by  thus  deprmng  h  of 
its  solvent.  This  method  consists  essentially  in  the  additjon  cf 
milk  of  lime  to  snch  waters^  until  the  water  gives  a  very  fidnt 
brown  tinge  on  testing  it  with  a  solution  of  argentic  nitnile: 
this  reaction  indicates  that  a  slight  excess  of  lime  has  been  added, 
which  occasions  a  precipitate  of  brown  hydrated  ai^entic  oxide. 
In  this  operation  the  lime  combines  with  the  excess  of  carbonic 
acid  in  the  water :  the  calcic  carbonate  thus  formed^  being  inso- 
luble^ is  precipitated  along  with  a  portion  of  calcic  carbonate 
previously  held  in  solution  by  the  carbonic  add.  After  the  lapse 
of  twenty-four  hours  the  water  becomes  perfectly  bright  and 
dear.  If  colouring  or  organic  matters  be  present  in  the  water, 
a  considerable  portion  of  both  goes  down  with  the  chalk.  In 
applying  this  process  upon  a  large  scale^  it  is  found  advantageous 
to  add  a  slight  excess  of  lime  in  the  first  instance,  and  afterwards 
to  destroy  this  excess  by  a  fresh  addition  of  imlimed  water.  The 
carbonate  is  then  separated  in  granular  crystals,  which  speedily 
subside.  These  crystals  are  formed  much  more  slowly  if  the  lime 
be  not  first  in  slight  excess. 

Dr.  Clark  has  introduced  a  method  of  testing  the  hardneBS  of  waters  by 
the  application  of  the  Soap'test,  which  has  been  extensively  nsed.  The  ope- 
ration may  he  conducted  in  the  following  manner : — 

A  solution  of  soap  in  proof  spirit  (containing  about  120  grains  of  cord  soap 
to  the  gallon)  is  first  prepared.  In  order  to  graduate  this  solution,  16  grain?  of 
Iceland  spar,  or  Carrara  marble,  are  dissolved  in  a  flask  in  pure  hydrochloric  add, 
evaporated  to  dryness  in  the  flask,  redissolved  in  water,  and  a  second  time  eva- 
porated to  dryness.  On  again  dissolving  it  in  water,  a  perfectly  neutral  solutioii 
of  calcic  chloride  is  obtained ;  this  solution  is  then  diluted  with  distilled  water 
until  it  measures  i  gallon.  It  will  now  represent  a  water  of  16^  of  hardness; 
that  is  to  say,  it  will  correspond  in  hardness  to  a  water  containing  16  grains  of 
calcic  carbonate  per  gallon,  each  degree  of  hardness  upon  Clark's  scale  repireeeDt- 
ing  an  amount  of  any  calcium  salt  corresponding  to  i  grain  of  chalk  per  galkm 
in  the  water.  1000  water-grain  measures  of  this  solution  are  next  transferred 
by  a  pipette,  graduated  to  deliver  exactly  this  quantity,  into  a  bottle  which  will 
hold  5  ounces,  and  accurately  fitted  with  a  glass  stopper.  The  soap  solation  is 
then  added  to  the  water  from  a  burette,  each  division  of  which  corresponds  to  10 
water-grains.  AHer  each  addition  of  the  soap-test,  the  stopper  is  replaced  in 
the  bottle,  and  the  bottle  is  briskly  shaken  for  a  minute,  after  which  it  is  laid 
upon  its  side  ;  fresh  portions  of  the  soap  being  added  in  small  quantities  until  a 
fine  lather  in  uniform  small  bubbles  remains  unbroken  over  the  surface  for  three 
minutes.  The  number  of  measures  of  the  soap-test  employed  is  noted,  and  the 
strength  of  the  solution  is  increased  or  dimininhed  by  the  addition  of  soap  or  of 
spirit,  as  may  be  necessary,  until  exactly  32  measures  are  required  for  1000 
water-grains  of  the  standard  solution  of  16°  of  hardness.  Afler  the  solution 
has  been  made  up  to  this  strength,  the  experiment  is  repeated,  in  order  to  ascer- 
tain that  the  adjustment  is  correct. 

In  applying  the  test,  1000  measured  grains  of  the  water  to  be  examined  arp 
introduced  into  the  stoppered  bottle,  and  the  operation  is  proceeded  with  as  above 
directed,  reading  off  the  number  of  test-measures  required,  in  order  to  produoe  a 


2*2 
2*2 
2*0 
2*0 
20 
2*0 
1-9 
1-9 
1-9 
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permanent  lather.  The  degree  of  hardness  of  the  water  is  then  obtained  by 
simple  inspection  of  the  subjoined  table.  The  results  are,  however,  apt  to  be 
inaccurate,  if  large  quantities  of  magnesian  salts  are  present  (D.  Campbell, 
J^kiL  Mag.  i8  jo,  xxxvii.  171.)  Sometimes  the  water  exceeds  16^  in  hardness ; 
in  that  case  it  should  be  diluted  with  an  equal  measure,  or,  if  necessary,  with 
twice,  or  even  with  thrice  its  bulk  of  distilled  water.  1000  grain-measures  of 
the  diluted  water  are  then  to  be  tested  as  usual,  and  the  number  of  divisions  of 
the  soap- test  employed  is  to  be  read  off,  and  the  degree  of  hardness  corresponding 
to  it  is  noted  from  the  table.  This  degree  must  be  finally  multiplied  by  2,  by  3, 
or  by  4,  according  to  the  extent  to  which  the  water  had  been  previously  diluted. 

Clark's  Table  of  Hardness  qf  Water. 
Degree  of  IwrdaeM.  HeMoree  of  aoap-test.  ^?ifh^2S!* 

0  (Distilled  water)        1*4  « 

1  I'l.         •••         •••  ••• 

•  •• 

j»  •••  .••  s  4 

0  7-6         

4  ...         ...  90 

5         ir6        

6         13-6        

7         156        

175 

9        ...        ...        19*4 

10  ...  ...  21  3  Q 

iX  ...  ...  23    I  T*fi 

TA  ».    .%^  •••  •••  *••  10 

12  ...  ...  249  o 

13  267  

14  28-5  

15  303  

16  320  

(656}  Building  Materials. — Calcic  carbonate  forms  the  basis 
of  some  of  the  materials  most  highly  prized  for  building  pur- 
poses^ besides  furnishing  the  costly  varieties  of  marble  used  for 
interiors.  The  oolites^  such  as  those  from  the  Isle  of  Portland 
and  the  neighbourhood  of  Bath^  resist  the  weather  admirably ; 
they  admit  of  being  readily  fitted  and  cut^  and  yet  possess  con- 
siderable hardness.  Many  shelly  limestones  are  also  well  adapted 
for  these  purposes.  Where  elaborate  carving  is  required,  a  well- 
crystallized  magnesian  limestone  (or  double  carbonate  of  calcium 
and  magnesium),  such  as  that  employed  in  the  new  Houses  of 
Parliament,  is  preferred ;  it  is  very  close  and  compact,  sufficiently 
soft  to  be  easily  sculptured,  but  retains  a  sharp  outline. 

Many  fine-grained,  porous,  calcareous  and  magnesian  stones  have  the  incon- 
venience of  splitting  into  flakes  after  a  few  years'  exposure ;  this  generally  occurs 
from  the  absorption  of  water,  and  its  expansion  when  the  moisture  thus  absorbed 
becomes  frozen  during  winter.  A  simple  and  ingenious  mode  of  ascertaining 
whether  a  building  stone  is  liable  to  this  defect  was  invented  by  Brard : — It  con- 
sists in  taking  a  smoothly  cut  block  of  the  stone,  3  or  5  oentim.  or  one  or  two 
inches  in  the  side,  and  placing  it  in  a  cold  saturated  solution  of  sodic  sulphate. 
The  temperature  of  the  solution  is  gradually  raised  to  the  boiling-pomt,  it  is 
II.  I  i 
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allowed  to  boil  for  half  an  hour,  and  then  the  Rtone  is  left  to  oool  in  tbe  HtpaL 
When  cold,  it  is  suspended  over  a  dish,  and  once  a  day  for  a  week  or  a  Ibrtadght 
plunged  for  a  few  moments  into  a  cold  saturated  solution  of  sodio  snlpliati^  aid 
is  then  again  freely  suspended  in  the  air.  The  sulphate  crystallint  in  tilepom 
of  the  stone,  and  splits  off  fragments  of  it.  A  similar  experiment  is  made  vpoa 
an  equal  sized  mass  of  stone  which  is  known  to  be  free  from  thia  defiMt.  Bf 
the  comparative  weight  of  these  frtigments  in  the  two  cases  the  tendency  of  tin 
stone  to  the  defect  in  question  may  be  estimated. 

A  stone  which  is  placed  in  a  building  conformably  to  its  pontion  in  tin 
quarry,  so  that  its  seams  shall  lie  horizontally,  is  much  less  liable  to  iigoiyfriMi 
the  weather  than  where  this  point  is  neglected. 

In  the  selection  of  a  building-stone^  regard  must  be  bad  not 
merely  to  its  durability^  but  also  to  the  locality  in  which  it  is  to 
be  placed.  A  stone  which^  like  a  magnesian  limestone^  maj 
endure  unchanged  for  ages  in  the  open  country  air,  may  yet  in 
the  atmosphere  of  a  large  city  become  rapidly  disintegrated,  owing 
to  the  action  of  the  sulphuric  acid  produced  by  the  immenae 
quantities  of  coal  which  are  burned.  Decay  from  this  cauae  is 
strikingly  shown  in  the  stone  used  in  London  in  some  parts  of 
^he  new  Houses  of  Parliament,  and  still  more  so  in  the  new 
buildings  in  Lincoln^s  Inn. 

A  valuable  report  upon  the  composition  and  quality  of  yarions 
kinds  of  building  stones  was  made  to  the  British  Groyemment  in 
1^39^  upon  the  occasion  of  the  rebuilding  of  the  Houses  of 
Parliament. 

The  other  varieties  of  building  stones  are  mostly  siliceoiis. 
To  this  class  belong  all  the  sandstones,  which  consist  chiefly  of 
grains  of  siUca  united  by  a  cement  more  or  less  ferruginous.  The 
durability  of  the  stone  depends  mainly  upon  the  character  of  this 
imiting  material.  Many  igneous  rocks,  such  as  porphyry,  basalt, 
and  more  especially  granite,  are  also  used  for  building  purposes; 
but  from  their  hardness,  they  are  seldom  wrought,  except  when, 
as  in  quays,  bridges,  or  causeways,  the  constant  wear  is  imnsually 
great,  and  where  softer  though  less  expensive  materials  would 
soon  be  destroyed. 

(657)  Calcic  Phosphates. — ^The  most  remarkable  of  the 
calcic  phosphates  is  that  known  as  the  bone  phosphate  (Ca^H,3P0J, 
so  named,  from  its  forming  the  principal  earthy  constituent  of 
the  animal  skeleton.  (Comp,  in  100  parts,  after  ignition,  CaO, 
51*26 ;  PjOg,  4874,  Berzehus.)  It  is  easily  procured  by  adding 
a  solution  of  calcic  chloride,  drop  by  drop,  to  a  solution  of  hydro- 
disodic  phospl^ate  in  excess,  when  it  falls  as  a  gelatinous  precipi* 
tate  with  sH^O.  It  may  also  be  obtained  from  calcined  bones 
by  digesting  them  in  nitric  acid,  and  precipitating  the  filtered 
solution   by  caustic  ammonia.     This  phosphate  is  insoluble  in 
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WhteT,  but  is  readily  dissolved  by  acetic^  and  tbe  stronger  acids. 
It  occurs  native  as  a  white  amorphous  mineral^  known  under  the 
name  of  phosphorite.  In  the  Norfolk  crag  considerable  deposits 
of  brown  rounded  pebbles  occur,  known  under  the  name  of  copro^ 
lUes,  from  the  erroneous  supposition  that  they  were  the  fossilized 
dung  (jcoTT/ooc)  of  extinct  animals  :  they  contain  a  large  propor- 
tion of  calcic  phosphate  mixed  with  calcic  carbonate  and  fluoride. 
In  the  green-sand  formation  near  Famham,  and  in  other  locali- 
ties, nodules  chiefly  composed  of  calcic  phosphate  are  also  found 
abundantly. 

A  true  tricaldc  diphosphate  occurs  naturally  crystallized  in 
hexagonal  prisms,  which,  when  colourless,  are  called  apatite; 
when  of  a  green  colour  it  is  termed  moroxite ;  in  these  minerals 
three  atoms  of  the  phosphate  are  associated  with  one  atom  of 
calcic  chloride  and  fluoride:  3(CajaPOJ,Ca(ClF)5,.  K bone-ash 
be  fused  with  about  4  times  its  weight  of  sodic  chloride,  and 
allowed  to  cool  very  slowly,  delicate  crystals  having  the  form  of 
apatite  are  found  lining  the  cavities  contained  in  the  mass 
(Forchhammrr).  When  hydrodisodic  phosphate  in  solution  is 
added  drop  by  drop  to  an  excess  of  calcic  chloride,  a  semi- crys- 
talline precipitate  falls,  which,  according  to  Berzelius,  consists  of 
(aCa"HP0^3H5,0),  and  the  liquid  becomes  acid. 

Several  other  calcic  phosphates  may  be  formed,  corresponding 
in  composition  to  the  various  sodic  phosphates.  The  soluble  acid 
phosphate,  or  superphosphate  of  lime  (Ca''H^2P0J,  is  prepared  by 
treating  bone-earth  with  two-thirds  of  its  weight  of  oil  of  vitriol, 
as  in  the  preliminary  stage  of  the  extraction  of  phosphorus.  It 
is  lai^ely  manufactured  as  a  manure  for  turnips. 

(658)  A  double  ^oroto  of  calcium  and  sodium,or  BorfMuUnhcaleUe  [2(NaCa'' 
3BO,)3B,0,,i8H,0],  is  found  at  Iquiqoe,  in  Peru,  in  the  fcnrm  of  rounded 
nodulen,  oompoeed  of  fine  silky  needles.  It  is  but  sparingly  soluble  in  hot  water, 
to  which  it  communicates  an  alkaline  reaction ;  but  it  is  easily  dissolved  by 
diluted  acids.  This  mineral  has  recently  been  imported  into  this  country  to 
some  extent  for  the  preparation  of  borax,  which  is  easily  obtained  from  it  by 
dissolving  the  compound  in  hot  diluted  hydrochloric  acid,  and  precipitating  the 
calcium  as  carbonate  by  the  addition  of  sodic  carbonate ;  the  clear,  supernatant 
liquid  on  evaporation  yields  crystals  of  borax,  whilst  sodic  chloride  remains  in 
solution. 

(659)  Characters  of  the  Calcium  Salts. — ^The  calcium 
salts  are  colourless.  They  give  no  precipitate  with  ammonia,  but 
yield  a  white  precipitate  of  calcic  carbonate,  with  the  carbonates 
of  the  alkali-metals.  Solution  of  calcic  stUphate  produces  no  pre- 
cipitate ;  the  calcium  salts  are  thus  distinguished  firom  those  of 
barium  and  strontium :  they  yield  no  precipitate  with  ammonie 
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hydrosulphide.  Ammonic  oxalate,  even  in  very  dilute  neutral  of 
alkaline  solutions  of  salts  of  calcium^  throws  down  a  white  calcic 
oxalate^  which  is  soluble  in  nitric  and  hydrochloric  acids,  but  not 
in  acetic  acid.  Calcic  salts  give  a  greenish-yellow  tinge  to  flame, 
and  when  examined  by  the  spectroscope  may  be  recognized  by  a 
bright  line  in  the  orange^  and  a  broad  rather  less  luminous  band 
in  the  green ;  fainter  lines  are  also  visible  in  the  red ;  and  occa- 
sionally a  bright  blue  band  is  seen. 

Estimation  of  Calcium. — In  the  determination  of  calcium  fiir 
analytical  purposes  the  oxalate  is  the  precipitate  usually  employed; 
but  before  weighing  it  is  heated  to  dull  redness^  so  as  to  convert 
the  calcic  oxalate  into  carbonate :  loo  parts  of  the  carbonate 
represent  56  of  lime :  if  heated  for  a  few  minutes  to  a  bright 
red^  quicklime  is  obtained.  If  no  other  base  be  present,  calcium 
may  also  be  estimated  in  the  form  of  sulphate.  If  the  caldnm 
be  not  already  in  the  state  of  sulphate^  the  salt  is  heated  with 
an  excess  of  sulphuric  acid,  and  ignited ;  when  cold,  it  11 
weighed:  100  grains  of  calcic  sulphate  represent  41*18  of  lime. 

Magnesium  will  be  described  in  the  group  containing  line 
and  cadmium  (683  et  seg.). 


CHAPTER  XIV. 

GROUP   III. METALS   OF   THE    EARTHS. 

§  I.  Aluminum:   (A1'"=27*5).      Sp.  Gr.  from  2*5  to  2'6j. 

Sp.  Heat,  0*2143.     Electric  Conductivity  at  68®  (ao°  C), 

33*76.     Atomic  Vol,  solid,  10*56. 

(660)  The  pure  earths  are  white,  insipid,  insoluble  com* 
pounds,  the  oxides  of  metals  which  possess  a  high  attraction  for 
oxygen.    A  single  oxide  only  of  each  metal  of  this  class  is  known. 

Of  these  metals  the  most  abundant  and  important  is  aluminum, 

which  derives  its  name  from  alum,  into  the  composition  of  which 

it  enters.     Indeed,  alumina  (the  oxide  of  aluminum)  constitutes 

about  10  per  cent,  of  this  salt. 

Preparation. — i.  Aluminum  was  originally  procured  by  Wohler,  by  deoom* 
posing  aluminic  chloride  in  a  porcelain  or  platinum  tube  by  means  of  potaasimiL 
He  obtained  it  first  as  a  steel-grey  powder,  and  subsequently  in  malleable  glo- 
bules. In  the  pulverulent  form  it  is  gradually  oxidized  by  boiling  water,  and 
more  rapidly  by  alkaline  solutions.  When  heated  in  this  form  in  oxygen  gat, 
it  takes  fire  and  bums  with  a  vivid  light,  emitting  so  intense  a  heat  as  to  fuse 
the  alumina,  which  forms  a  yellowish  mavs,  in  colour  and  hardness  reBembUng 
native  crystallized  alumina  as  it  exists  in  corundum. 
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2. — Bunsen  obtains  aluminam  by  the  electroljtio  decomposition  of  the  doable 
chloride  of  sodiam  and  alaminam  (NaCl^ClJ.  This  salt  melts  at  about  392^ 
(200°  C.)>  and  readily  fnmishes  aluminum  by  a  process  similar  to  that  adopted 
in  the  case  of  magnesium  (683) :  but  as  the  aluminum  is  heavier  than  the  fused 
salt,  it  is  more  easily  collected  than  magnesium. 

3' — ^Aluminum  may  be  prepared  in  the  laboratory,  by  the  method  of  Deville 
{Ann,  de  Ckimie,  III.  xliiL  5). — Into  a  wide  tube  of  hard  glass  of  an  inch  or 
an  inch  and  a  half  (from  25  to  40"^')  in  diameter,  about  half  a  pound  (2^{o 
grms.)  of  dry  aluminic  diloride  is  introduced,  and  kept  in  its  place  by  plugs  of 
asbestos ;  a  current  of  dry  hydrogen,  perfectly  free  from  air,  is  transmitted,  and 
the  chloride  is  very  gently  heated ;  in  this  way  traces  of  hydrochloric  add  and 
chlorides  of  sulphur  and  silicon  are  expelled.  Three  or  four  small  porcelain 
trays,  each  containing  40  or  50  grains  (about  3  grammes)  of  sodium,  freed  from 
adhering  naphtha  by  pressure  between  folds  of  blotting-paper,  are  then  intro- 
duced into  the  tube ;  the  current  of  hydrogen  is  still  maintained,  and  heat  is 
applied  to  the  part  of  the  tube  whieh  contains  the  sodium.  This  end  of  the 
tube  must  be  slightly  elevated,  in  order  to  prevent  the  melted  aluminic  chloride 
from  running  down  upon  the  sodium ;  in  which  case  the  heat  emitted  is  so  in- 
tense as  to  crack  the  tube.  When  the  sodium  is  melted,  the  aluminic  chloride 
is  gradually  distilled  over  by  the  application  of  a  regulated  heat,  and  is  reduced 
with  vivid  incandescence.  The  aluminum  is  condensed  in  the  porcelain  trays,  in 
which  also  a  sodio-aluminic  chloride  collects  around  the  reduced  aluminum.  These 
trays  and  their  contents  when  cold  are  withdrawn  from  the  glass  tube,  and  placed 
in  a  porcelain  tube  through  which  a  current  of  hydrogen  is  transmitted,  whilst 
the  tube  is  raised  to  a  bright  red  heat ;  the  aluminum  fuses  into  globules  in  the 
porcelain  trays ;  and  by  fusing  it  once  more  in  a  porcelain  crucible  under  a  layer 
of  the  sodio-aluminic  chloride,  a  button  of  pure  aluminum  is  obtained. 

Messrs.  Bell  of  Newcastle  have  carried  out  the  process  of 
Deville  as  a  manufacturing  operation.  They  prepare  a  trisodic 
aluminate  (3Naj|O^Al<,03)  from  Bauxite^  an  aluminous  ore  of  iron 
nearly  free  from  silica  (663)^  and  precipitate  the  alumina  as 
hydrate^  by  means  of  carbonic  or  of  hydrochloric  acid.  The 
precipitated  aluminic  hydrate  is  then  mixed  with  common  salt 
and  charcoal^  made  into  balls  of  the  size  of  an  orange^  and  dried. 
These  balls  are  placed  in  vertical  earthen  retorts  heated  to  red- 
ness, and  through  them  dried  chlorine  is  transmitted.  The  sodio- 
aluminic  chloride  (NaCl^AlCl,)  distils  over.  Ten  parts  of  this 
double  salt  and  5  of  cryolite  or  fluor-spar  are  thrown  with  2  parts 
of  sodium  into  a  reverberatory  frimace,  previously  heated  strongly ; 
the  damper  is  then  closed.  An  intense  reaction,  attended  with 
great  evolution  of  heat,  occurs,  and  the  aluminum  collects  at  the 
bottom  in  a  melted  form,  while  the  chlorine  is  removed  by  com- 
bination with  the  sodium. 

4. — Rose  obtains  aluminum  from  cryolite  (3NaP,AlF,)  by 
fusing  it  with  sodium.  For  this  purpose  Wohler  recommends 
7  parts  of  sodic  chloride  to  be  melted  with  9  of  potassic  chloride, 
and  the  mass  thus  frimished  to  be  finely  powdered  and  intimately 
mixed  with  its  own  weight  of  cryolite  in  fine  powder.     This 
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powder  is  to  be  introduced  with  a  fifth  or  a  sixth  of  its  weight  of 
sodium  (arranged  in  alternate  layers  of  the  powder  and  the  metal)| 
into  a  dry  earthen  crucible^  wUch  is  to  be  heated  rapidly  in  a 
wind  furnace.  An  intense  reaction  occurs^  and  a  portion  of  die 
sodium  bums  off.  The  mixture  is  afterwards  heated  for  about  a 
quarter  of  an  hour  until  it  is  in  liquid  fusion^  and  is  then  allowed 
to  cool.  The  aluminum  generally  collects  at  the  bottcHn  into  % 
well-formed  button^  which  is  frequently  crystalline  on  its  anrfiiee. 
In  some  experiments  the  quantity  of  reduced  metal  amounted  to 
one-third  of  the  proportion  present  in  the  mineral  employed. 

{66 1)  Properties, — As  prepared  by  Deville's  process^  alrnninuin 
is  a  white  malleable  metal^  nearly  resembling  zinc  in  colour  and 
hardness  :  it  may  be  rolled  into  very  thin  foil^  and  admits  of 
being  drawn  into  fine  wire ;  after  it  has  been  rolled^  it  becomes 
much  harder  and  more  elastic.  It  conducts  electricity  with  about 
one-third  the  power  of  silver.  Aluminum  is  remarkably  sonorous, 
and  emits  a  clear  musical  soimd  when  struck  with  a  hard  body. 
Fused  aluminum  crystallizes  readily  as  it  cools^  apparently  in  re- 
gular octohedra;  its  point  of  fusion  is  below  that  of  ailyer: 
when  melted  it  may  be  readily  cast  in  moulds  of  metal  or  of 
sand.  It  may  be  heated  intensely  in  a  current  of  air  in  a  mufiBe 
without  undergoing  more  than  a  superficial  oxidation,  and  it  is 
but  slowly  oxidized  when  heated  to  fiill  redness  in  an  atmosphere 
of  steam.  When  heated  in  the  form  of  foil  with  a  splinter  of 
wood  in  a  current  of  oxygen  it  bums  with  a  brilliant  bluish- 
white  light.  Aluminum  shows  no  tendency  to  volatilize,  either 
when  heated  intensely  in  closed  vessels  or  when  subjected  to  a 
succession  of  electric  sparks. 

Nitric  acid,  whether  concentrated  or  diluted,  is  without 
action  upon  aluminum  at  the  ordinary  temperature,  and  dissolves 
it  very  slowly  even  when  boiled  upon  the  metal.  Hydrochloric 
acid,  on  the  contrary,  both  when  concentrated  and  when  diluted, 
attacks  it  rapidly,  forming  aluminic  chloride,  whilst  hydrogen  is 
disengaged.  Solutions  of  the  alkalies,  especially  when  aided  by 
heat,  also  attack  aluminum  with  energy,  producing  alumina, 
which  is  dissolved  by  the  alkaline  solution,  whilst  hydrogen  gas 
is  liberated.  From  its  lightness  and  inalterability  in  the  air^ 
aluminum  has  been  applied  to  the  preparation  of  small  weights : 
but  some  difficulty  was  at  first  experienced  in  working  the  metal 
for  want  of  a  suitable  solder.  The  solder  now  generally  preferred 
is  an  alloy  of  4  parts  of  copper,  6  of  aluminum,  and  90  of  sine 
No  flux  is  used,  and  it  is  proposed  to  employ  small  soldering  tools 
of  aluminum.     The  metal  ia  chiefly  used  for  ornamental  articles. 
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Almniimm  readily  forms  alloys  with  copper^  silver^  and  iron^ 
but  it  may  be  melted  with  lead  without  any  combination  between 
the  two  metals  tsOdng  place.  Its  alloys  with  copper  are  very 
hard,  and  susceptible  of  a  high  polish ;  they  vary  in  colour  from 
white  to  golden  yellow,  according  to  the  proportion  of  the  two 
metals :  one  of  these  (Cu^),  a  beautiful  alloy  of  a  golden  yellow 
colour,  containing  about  lo  per  cent,  of  aluminum,  is  manufactured 
by  Messrs.  Bell  under  the  name  of  aluminum  bronze :  it  is  well 
fitted  for  castings,  and  possesses  great  tenacity  and  hardness.  For 
the  preparation  of  this  alloy  copper  of  high  purity  is  needed. 
Aluminum  also  combines  readily  with  carbon  and  silicon,  forming 
greyish,  granular,  brittle,  and  crystalline  compounds,  which  pre* 
sent  a  considerable  analogy  to  cast  iron.  It  does  not  combine 
with  mercury. 

Finely  divided  aluminum  bums  brilliantly  in  the  vapour  of 
sulphur,  and  forms  a  black  sesquisulphide  (Al^S,),  of  semi- 
metallic  appearance,  which  is  rapidly  decomposed  by  water,  with 
formation  of  hydrated  alumina  and  sulphuretted  hydrogen. 

{66%)  Alumina  (Al203=i03) ;  Sp.  Gr.  of  ruby,  3*95;  Comp. 
in  100  parts,  Al,  53*39  ;  0, 46*61. — ^This  is  the  only  known  oxide 
of  aluminum :  from  its  isomorphism  with  the  sesquioxide  of  iron, 
and  its  general  resemblance  to  it  in  properties,  it  is  regarded  as 
a  sesquioxide.  It  forms  one  of  the  materials  that  enter  most 
largely  into  the  composition  of  the  superficial  strata  of  the  earth. 
It  is  the  basis  of  all  the  varieties  of  clay,  and  is  present  in  greater 
or  less  quantity  in  almost  every  soil.  Alumina  occurs  nearly 
pure,  and  crystallized  in  six-sided  prisms,  in  corundum,  in  which 
mineral  it  has  a  specific  gravity  of  3*95^  and  is  hard  enough  to 
cut  glass.  The  sapphire  and  the  ruby  are  also  composed  of  this 
earth,  tinged  with  a  smaU  quaatity  of  oxide  of  chromium.  They 
are  only  inferior  to  the  diamond  in  hardness.  Emery,  which 
from  its  hardness  is  so  largely  used  in  grinding  and  pohshing, 
after  it  has  been  powdered  and  levigated,  is  another  form  of 
alumina,  coloured  with  oxides  of  iron  and  manganese. 

In  order  to  obtain  alumina,  it  is  sufficient  to  ignite  pure 
ammonia  alum  (H^NAl'''2SO^i2H30)  intensely  for  some  time: 
the  water,  ammonia^  and  sulphuric  acid  are  expelled,  and  anhy- 
drous alumina  is  left,  in  the  proportion  of  11*34  parts  of  alumina 
to  100  of  the  crystallized  salt.  It  is,  however,  nearly  impossible 
to  drive  off  the  last  portions  of  sulphuric  acid,  as  the  salt  swells 
up  enormously,  and  forms  a  white,  porous,  infusible  mass,  which 
is  an  extremely  bad  conductor  of  heat.  Alumina  may  also  be 
procured  by  precipitation  from  alum  quite  free  from  iron ;  the 


488  ALUtflNA. 

salt  should  be  dissolved  in  water  and  decomposed  by  potasric 
carbonate  in  slight  excess  :  the  liquid  should  be  warmed,  and  the 
precipitate  well  washed ;  but  since  traces  of  potash  always  adhere  to 
it  obstinately^  it  must  be  redissolved  in  hydrochloric  acid,  and  then 
thrown  down  by  ammonia  or  ammonic  carbonate :  in  which  case 
it  falls  as  a  white,  semitransparent, bulky,  gelatinous  hydrate,  which 
must  be  again  thoroughly  washed.  In  this  form  alumina  is  com- 
pletely soluble  in  a  solution  of  potash,  and  is  readily  taken  up  b^ 
acids.  On  drying,  it  contracts  very  much,  and  forms  a  yellowidi 
translucent  mass,  like  gum,  retaining  ^HjO.  Diaspore  is  a 
natural  hydrate  (AlgOjjHgO),  which  decrepitates  strongly  when 
heated,  and  falls  to  powder.  Alumina  may  also  be  obtained  firom 
trisodic  aluminate  (663)  by  adding  hydrochloric  acid  in  quantity 
just  suflScient  to  form  sodic  chloride. 

Aluminic  hydrate  when  ignited  loses  its  water,  and  at  a  cer- 
tain temperature  presents  an  appearance  of  sudden  incandescence; 
it  contracts  greatly  at  the  moment  that  this  effect  is  produced, 
and  is  afterwards  nearly  insoluble  in  acids.  Hydrated  alumina 
is  strongly  hygroscopic,  and  adheres  to  the  tongue  when  applied 
to  it. 

Alumina  fuses  before  the  oxyhydrogen  blowpipe,  and  yields  a 
colourless,  transparent  mass,  resembling  corundum.  Gttudin  states 
that  artificial  crystals,  having  the  form  and  hardness  of  the  ruby, 
may  be  obtained  by  calcining  equal  parts  of  potassic  sulphate  and 
alum,  and  introducing  the  mixture  in  fine  powder  into  a  crucible 
lined  with  lampblack.  The  cover  is  then  to  be  luted  on,  and  the 
crucible  exposed  to  the  highest  heat  of  a  forge  for  a  quarter  of 
an  hour.  In  this  operation  the  sulphuric  acid  of  the  aluminic 
sulphate  is  expelled,  the  potassic  sulphate  is  reduced  to  dipotassic 
sulphide,  and  this  compound  dissolves  a  portion  of  the  liberated 
alumina,  depositing  it  in  minute  prismatic  colourless  crystals, 
during  the  slow  cooling  of  the  mass.  These  crystals  may  be 
cleansed  from  adhering  impurities  by  digestion  in  dilute  aqua 
regia.  Similar  minute  crystals  have  also  been  obtained  by  Deville, 
who  has  succeeded  in  imitating  the  hue  both  of  the  ruby  and  the 
sapphire.  Ahmiina  forms  salts  with  the  more  powerful  acids,  but 
these  salts  are  readily  decomposed :  they  all  have  an  acid  reac- 
tion; and  indeed  alimiina  possesses  properties  which  approach 
somewhat  to  those  of  an  acid,  for  it  has  a  strong  tendency  to 
imite  with  basic  oxides.  The  spinelle  ruby,  for  example,  is  a 
native  magnesic  aluminate  (MgO,Al203),  and  gahnite  is  a  zincic 
aluminate  (ZnO,A1^03).  Fremy  has  also  obtained  a  white  granular 
compoimd  of  alumina  with  potash,  to  which  he  assigns  a  compo- 
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sition  correspondiiig  with  the  formula  (K,0,Alj03),  When  the 
solution  of  alumina  in  potash  or  soda  is  exposed  to  the  air  it 
absorbs  carbonic  acid^  and  an  aluminic  trihydrate  is  deposited  in 
regular  crystals. 

Alumina  when  combined  with  silica  forms  clay,  which  is  the 
basis  of  porcelain  and  of  earthenware.  To  the  dyer  and  the 
calico-printer  the  compounds  of  alumina  are  of  high  value : 
hydrated  alumina  has  the  property  of  combining  intimately  with 
certain  kinds  of  organic  matter,  and  when  aluminic  salts  are 
mingled  with  coloured  vegetable  or  animal  solutions,  and  preci- 
pitated by  the  addition  of  an  alkali,  the  alumina  carries  down  the 
greater  portion  of  the  colouring  matter,  forming  a  species  of  pig- 
ments termed  lakes.  By  soaking  the  cloth  with  a  preparation  of 
alumina,  the  earth  attaches  itself  to  the  fibre ;  and  if  cloth  thus 
prepared  be  plunged  into  a  bath  of  the  colouring  matter,  it  be- 
comes permanently  dyed.  Most  colouring  matters  would  be  re- 
moved by  washing,  were  it  not  for  the  intervention  of  some 
mordant,  or  substance  which  thus  adheres  to  the  fibre  as  well  as 
to  the  colouring  matter.  Stannic  oxide,  and  ferric  and  chromic 
oxides,  resemble  alumina  in  this  respect,  and  are  largely  used  as 
mordants  in  dyeing  calicoes  and  woollens. 

Mr.  Cram  (Q.  t/l  Chem,  Soc,  vL  216)  has  deitcribed  a  remarkable  modifi- 
cation of  hydrated  alamina,  which,  in  the  presence  of  a  very  small  proportion  of 
acetic  acid,  is  largely  soluble  in  water,  and  is  coagulated  and  rendered  insoluble 
by  a  minute  trace  of  sulphuric  acid.  It  appears  from  the  experiments  of  P^an 
de  St  Gilles  {Ann,  de  Chimiey  III.  xlvi.  47)  that  ferric  oxide  admits  of  a 
similar  modification:  these  compounds  will  be  further  alluded  to  when  the 
salts  of  acetic  acid  are  described :  various  other  soluble  colloidal  oxides  have 
been  lately  described  by  Ghraham  (JPhil,  Trans.  1861,  and  Proceed.  Boy.  8oe, 
1864). 

(663)  TYisodic  aluminate,  or  Aluminate  of  sodium  (NajAlOg). — 
This  compound  now  forms  an  article  of  commerce.  It  is  obtained 
by  heating  Bauxite,  a  hydrated  aluminous  ferric  oxide,  which  con- 
tains firom  60  to  75  per  cent,  of  alumina,  and  only  from  i  to  3 
per  cent,  of  silica.  This  ore  is  mixed  in  fine  powder  with  sodic 
carbonate  or  soda-ash,  and  heated  to  bright  redness,  imtil  no 
effervescence  occurs  on  the  addition  of  an  acid.  On  lixiviation^ 
the  aluminate  is  dissolved  out  and  separated,  by  filtration  into  a 
vessel,  from  which,  to  accelerate  the  operation,  the  air  is  ex- 
hausted. The  filtrate  when  evaporated  to  dryness  gives  a  whitish, 
infusible,  but  freely  soluble  compound,  which  furmshes  a  valuable 
material  in  the  preparation  of  lakes  for  pigments,  as  well  as  for 
the  purposes  of  a  mordant  to  the  calico-printer,  which  will  pro- 
bably to  a  large  extent  supersede  the  use  of  the  different  forms 
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of  alum.     The  silica  remains  behind  in  the  form  of  an  inaoliiUe 
sodic  alumino-silicate. 

If  a  solution  of  trisodic  aluminate  is  exposed  to  the  actiiHi  of 
a  current  of  carbonic  acid^  sodic  carbonate  is  produced,  and  hj* 
drated  alumina  precipitated  contaminated  with  soda.  If  hydro- 
chloric acid  in  quantity  sufiBcient  to  neutralize  the  soda  be  added 
to  a  solution  of  the  aluminate,  the  alumina  is  precipitated  in  a 
form  in  which  it  may  be  washed ;  but  the  precipitate  is  simply 
dried  when  it  is  to  be  used  in  the  preparation  of  aluminum,  tat 
which  it  is  chiefly  required ;  the  presence  of  sodic  chloride  beiiig 
adyantageous  in  the  subsequent  operations.  A  curious  reactioii 
occurs  when  solutions  of  trisodic  aluminate  and  aluminic  chloiide 
are  mixed  in  equivalent  proportions ;  sodic  chloride  is  formed,  and 
the  alumina  from  both  compounds  is  precipitated  in  the  tana  ot 
hydrate  j  2  (NajAlOj)  -h  Al^Q^ = a Al^Oj  4-  6Naa. 

(664)  Alumimic  Chloride,  or  Chloride  of  aluminum  (A1,C3| 
=268);  Sp.  Gr.  of  Vapour,  932;  Mol.  Vol.  f  \  \;  ReL  wt. 
134. — The  anhydrous  chloride  cannot  be  formed  directly  by 
dissolving  alumina  in  hydrochloric  acid,  and  evaporating  to  dry- 
ness ;  since  during  the  expulsion  of  the  water,  a  great  part  of  the 
acid  is  also  driven  off.  It  may  be  procured  as  a  yellow,  anhy- 
drous, volatile  sublimate,  by  a  process  devised  by  Oersted. — 
alumina,  mixed  with  charcoal  powder,  is  made  up  into  paste  with 
starch  or  oil,  and  subdivided  into  pellets :  these  pellets  are  chaired 
in  a  covered  crucible,  and  then  exposed  to  ignition  in  a  current 
of  dry  chlorine.  In  this  operation,  carbon,  in  a  very  finely 
divided  state^  is  mixed  with  the  alumina;  when  the  mass  is 
heated  with  chlorme,  the  carbon  unites  with  the  oxygen  of  the 
alumina,  and  the  chlorine  seizes  the  liberated  aluminum  ;  AI^O, 
4-3C4-3Cl3=Al3Clg4-3CO.  Aluminic  chloride  condenses  in  the 
cool  part  of  the  tube  in  a  crystalline,  somewhat  translucent  mass, 

or  as  an  amorphous  powder. 

In  preparing  this  chloride  in  the  laboratory,  an  apparatus  similar  to  that 
shown  in  fig.  349  may  be  used  i  b  is  a  vessel  containing  a  mixture  of  black 
oxide  of  manganese  and  hydrochloric  acid,  for  generating  chlorine ;  a  is  a  water* 
jacket,  for  applying  a  moderate  heat;  e  is  a  wash-bottle  containing  water; 
d  contains  strong  sulphuric  acid;  e  is  a  bent  tube  filled  with  pomice-stooe 
soaked  with  oil  of  vitriol,  to  remove  the  last  traces  of  moisture ;  ^  is  aa  earthea 
retort  filled  with  the  mixture  of  charcoal  and  alumina,  heated  by  a  charcoal  fire. 
The  chlorine  is  conveyed  nearly  to  the  bottom  of  this  retort  by  means  of  a 
porcelain  tube,  /,  luted  into  the  tubulure :  the  gas  reacts  upon  the  mixture  in 
the  retort,  forming  carbonic  oxide  and  aluminic  chloride ;  the  chloride  oondenaei 
in  the  gas-jar,  h,  which  is  placed  for  its  reception :  the  open  mouth  of  this  jar 
is  closed  by  means  of  a  funnel,  luted  on  with  a  strip  of  pasted  paper ;  and  the 
carbonic  oxide  escapes  through  the  open  tube,  »,  into  the  chimney.  In  order  to 
purify  crude  aluminic  chbride  from  Uie  small  quantity  of  volatile  ferric  chloride 
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which  aiullj  MoompuuM  it,  th«  eompoimd  U  rediftilled  &om  iron  wire,  bj 
which  the  fanie  ohloride  ui  ooDTettad  into  the  mneh  Um  volatjlo  fenoai  oUorido, 
and  tiie  alaminlo  chloride  (aUimai  ueulj  in  k  «tete  of  purit7. 


Devilla  prepam  this  chloride  on  a  large  BOale  from  a  miitore  of  ooal  tar  and 
Blomina,  which  ii  heated  fint  in  iron  pota  till  the  vaponn  of  tar  eeaae  to  escape, 
and  then  in  a  cl^  retort,  tuch  aa  ii  oaed  io  gas  makiug,  bat  aet  rerticallji  a 
current  of  chlorine  ia  sent  over  the  ignited  mast,  aud  the  prodnct  of  the  operation 
is  received  in  a  chamber  lined  with  glazed  brickwork.     (See  also  par.  660.) 

K  aluminic  cUoride  be  heated  in  considerable  mass,  it  melts 
at  a  dull  red  heat,  and  near  its  fusing-point  sublimes  rapidly; 
vhen  exposed  to  the  air  it  emits  fiimea  of  hydrochloric  acid :  it 
is  soluble  in  alcohol,  is  very  deliquescent,  and  trhen  thrown  into 
water  hisses  from  the  heat  developed  by  the  violence  of  the  com- 
hinatioQ.  The  aqueous  solution,  when  concentrated  by  a  very 
moderate  heat,  yields  crystals  with  the  formula  AJ,Clg,iiHjO. 
By  subliming  the  anhydrous  chloride  in  a  current  of  sulphuretted 
hydrogen  it  forms  a  combination  with  this  gas :  this  compound  is 
decomposed  by  resublimation,  or  by  solution  in  water.  The  chlo- 
ride may  also  be  made  to  combine  with  pbosphuretted  hydrogen, 
and  with  ammonia.  

Ataminic  bromide  (Al3Br,=535 ;  Mol.  Vol.  \  \  \;  Rel.  wt. 
267-5;  Sp.  Gr.  Vapour,  i8-6)  and  iodide  (Al,Ij=8i7;  Mol. 
Vol.  I  ;  j;  Sel.  wi.  408-5;  Sp.  Gr.  Vapour,  a8-aa7)  have  also 
been  obtained. 

(66j)  Aluvikic  Fluohidi  occnrs  nativa,  combined  with  aodic  fluoride, 
forming  eryoliU  (jNaF^F,).  It  is  fbond  in  large  quantitj  in  Oreeuland,  and 
as  it  ia  eaail;  deoompowd  by  aodiam,  it  has  been  emplojed  ••  a  aoniee  of 
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metallic  aluminam,  of  which  it  contains  13  per  cent.  Another  highly 
aluminous  mineral,  containing  fluorine,  is  the  topaz.  It  is  extremely  hard ;  thi 
colourless  variety  has  a  luAtre  which  has  sometimes  caused  it  to  be  mistaken  for 
the  diamond.  Its  composition  may  be  represented  by  the  formula  [2(Al,0,,SiO,), 
Al,0,,SiFJ. 

(666)  Aluminic  Sulphate,  or  Sesqumtlphate  of  alumimim 
(Al23SO^i8H20=343+324),  Sp.  Gr.  1-671.— This  salt  is  formed 
by  dissolving  alumina  in  sulphuric  acid.  It  is  now  mannfactured 
on  a  large  scale  in  the  north  of  England,  by  mixing  finely- 
powdered  clay  or  shale,  after  it  has  been  gently  roasted,  with 
about  half  its  weight  of  crude  sulphuric  acid  from  the  chamberB, 
heating  it  gradually  until  fumes  of  acid  begin  to  escape ;  this 
digestion  is  continued  for  3  or  4  days,  after  which  the  mass  is 
lixiviated,  and  the  solution  thus  obtained  is  freed  frx)m  iron  by 
the  addition  of  sodic  ferrocyanide  so  long  as  it  occasions  a  blue 
precipitate ;  the  clear  liquid  is  decanted  and  evaporated,  and  the 
residue  is  sold  under  the  name  of  concentrated  ahim.  It  crystal- 
lizes in  thin  flexible  scales  which  are  soluble  in  twice  their  weight 
of  cold  water :  this  solution  may  be  used  as  a  test  for  potassium, 
for  by  mixing  it  with  a  solution  containing  a  salt  of  this  metal, 
and  evaporating,  octohedral  crystals  of  alum  are  deposited.  Alu- 
minic sulphate  has  a  strong  tendency  to  form  double  salts  with 
monobasic  sulphates,  of  which  those  with  the  sulphates  of  potas- 
sium and  ammonium,  constituting  potash-  and  ammonia-alum 
respectively,  are  the  most  important.  A  remarkable  anhydrous 
aluminic  sulphate,  which  assumes  the  form  of  a  white  mealy 
powder,  insoluble  in  cold  water,  but  which  may  be  rendered 
soluble,  and  converted  into  the  ordinary  sulphate,  by  prolonged 
boiling,  is  obtained  by  boiling  either  cryolite,  or  ordinary  alum, 
with  from  three  to  ten  times  its  weight  of  oil  of  vitriol,  and  dis- 
tilling oflF  about  three-fourths  of  the  sulphuric  acid ;  the  acid  sul- 
phate of  potassium  or  of  sodium,  may  be  removed  by  washing, 
and  the  anhydrous  aluminic  sulphate  is  left  as  a  white  powder, 
analogous  to  the  corresponding  modification  of  the  ferric  and 
chromic  sulphates  (Persoz). 

A  basic  aluminic  sulphate,  soluble  in  water,  and  of  a  yellow 
colour,  may  be  obtained ;  the  yellow  tint  is  not  due  to  the  pre- 
sence of  ferric  sulphate  (Siewert). 

(667)  Alum;  Potasno-aluminic  sulphate  (KAlaSO^iaHjO, 
=  258*5  +  316);  Sp.  Gr.  anhydr.  2228;  cryst.  1726.  —  Tliis 
valuable  salt  is  occasionally  found  native  in  volcanic  districts,  in 
the  form  of  a  white  efflorescence,  produced  by  the  action  of  the 
sulphuric  acid  of  the  volcano  upon  the  compounds  of  aluminum 
and  potassium  contained  in  the  lava  and  trachytic  rottks.     For 
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the  purposes  of  commerce,  howeverj  alum  is  manufactured  artifi- 
cially.    Three  principal  methods  are  adopted : — 

I. — In  the  first  the  alum  ia  procured  by  the  addition  of  po- 
tassic  sulphate  or  chloride  to  the  crude  aluminic  sulphate  pre- 
pared firom  clay  by  the  process  just  described. 

2. — A  still  simpler  method  is  practised  in  Italy,  where,  especially  in  the 
neighboarhood  of  Civita  Yeochia,  the  alum-stone  is  abundant.  This  rock  con- 
tains the  elements  of  alum,  with  an  excess  of  hjdrated  alumina,  mixed  with  a 
variable  proportion  of  siliceous  matter.  The  ore  is  first  roasted  at  a  gentle  heat 
in  kilns,  avoiding  direct  contact  with  the  fuel :  water  is  thus  expelled,  and  the 
mass  is  rendered  spongy ;  the  hjdrated  alumina  parts  with  its  water,  and  the 
formation  of  a  basic  sulphate  of  aluminum  and  potassium,  which  is  insoluble  io 
water,  is  thereby  prevented :  the  roasted  ore  is  then  arranged  in  long  heaps  or 
ridges  upon  a  firm  clay  floor,  where  it  is  frequently  moistened  with  water :  in 
the  course  of  two  or  three  months  the  mass  crumbles  down  into  a  sort  of  mud, 
which  is  lixiviated :  and  the  solution  when  evaporated  yields  crystals  of  alum, 
which  after  a  second  crystallization  are  fit  for  the  market.  This  variety  of  alum, 
known  as  Sonutn  alum,  crystallizes  in  opaque  cubes,  which  retain  a  variable 
amount  of  aluminic  sulphate. 

3. — A  third  process  is  resorted  to  in  England  and  Grermany  for 
the  purpose  of  turning  alum  schist,  or  alum  ore  as  it  is  termed,  to 
good  account.  This  mineral  is  abundant  at  Whitby,  in  Yorkshire, 
and  in  the  neighbourhood  of  Glasgow :  it  is  a  bituminous  shale, 
foimd  amongst  the  lower  beds  of  the  coal-measures,  and  it  con- 
tains a  large  quantity  of  very  finely  divided  iron  pyrites,  disse- 
minated through  its  mass,  which  is  composed  chiefly  of  a  siliceous 
clay.  The  mineral  is  decomposed  either  by  exposure  to  the  air, 
or,  as  is  more  usually  practised,  by  a  slow  roasting,  conducted 
upon  the  ore  arranged  with  alternate  layers  of  fuel  in  long  heaps 
or  ridges,  which  are  covered  more  or  less  completely  with  spent 
ore,  in  order  to  regulate  the  heat  and  to  absorb  the  excess  of 
sulphuric  acid.  In  this  operation  the  pyrites,  or  ferric  disulphide, 
is  converted  into  ferrous  sulphide,  losing  half  its  sulphur,  which 
absorbs  oxygen  and  is  converted  into  sulphuric  anhydride ;  this 
at  the  moment  of  its  formation  unites  with  the  alumina,  while  the 
ferrous  sulphide,  gradually  combining  with  more  oxygen,  is  con- 
verted into  ferrous  sulphate,  or  green  vitriol:  aFeSjj  +  305,= 
jzFeS-f-aSOjj  and  FeS  +  aO^rsFeSO^.  Great  care  is  required  to 
prevent  the  temperature  from  rising  too  high,  a  circumstance 
which  would  be  attended  with  decomposition  of  the  aluminic 
sulphate  and  loss  of  sulphuric  acid.  By  the  time  that  the  roast- 
ing is  complete,  the  mass  has  become  greatly  reduced  in  bulk, 
and  is  rendered  porous  and  freely  permeable  to  the  air ;  in  this 
condition  the  heap  is  allowed  to  lie  exposed  to  the  atmosphere, 
and  is  moistened  from  time  to  time;   it  is  then  lixiviated,  the 
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liquor  is  digested  on  metallic  iron  to  reduce  any  ferric  salt  to  tbe 
state  of  ferrous  sulphate^  and  the  green  ferrous  sulphate  is  sepa* 
rated  from  the  aluminic  sulphate  hy  crystallization  of  the  liquor. 
The  mother-liquors  often  yield  magnesic  sulphate  when  con- 
centrated further. 

In  the  Whitby  alum  works,  in  which  the  quantity  of  the 
aluminic  sulphate  much  exceeds  that  of  the  ferrous  sulphate  in 
solution,  the  concentration  is  completed  in  leaden  pans;  being 
carried  so  far  as  that  the  liquid  shall,  when  cold,  be  perfectly 
saturated,  but  shall  deposit  no  crystals.  The  liquid  is  then  ran 
off  into  the  precipitating  tank,  where  it  is  mixed  with  a  saturated 
solution  of  potassic  sulphate,  or,  what  is  better,  of  potassic  chloride, 
in  quantity  sufficient  (as  foimd  by  trial  on  the  small  scale)  to 
yield  the  maximum  proportion  of  alum.  The  mixture  is  briskly 
agitated,  and  the  potassio^aluminic  sulphate,  which  is  sparingly 
soluble  in  cold  water,  is  deposited  in  minute  crystals,  technicdly 
termed  alum  meal  or  flour.  When  potassic  chloride  is  used  the 
ferrous  sulphate  is  decomposed,  potassic  sulphate  is  produced,  and 
the  very  soluble  ferrous  chloride  is  retained  in  the  Uquor;  2KCI+ 
FeS04=FeCl,-hK3S04.  To  produce  100  parts  of  crystallized 
alum,  between  18  and  19  parts  of  potassic  sulphate  are  required, 
or  about  16  parts  of  potassic  chloride.  The  mother-liquor  ii 
drained  off  and  preserved,  and  the  crystals,  which  have  a  reddidi- 
brown  colour  from  adhering  iron,  are  twice  washed  by  subsidence 
with  a  small  quantity  of  cold  water,  being  well  drained  after 
each  washing.  The  crystals  are  then  dissolved  by  heat  in  as  small 
a  quantity  of  water  as  possible,  and  the  solution  is  run  off  into 
crystallizing  barrels,  which  in  ten  days  or  a  fortnight  are  taken 
to  pieces ;  the  crystalline  mass  is  broken  into  fragments,  drained, 
and  sent  into  the  market. 

In  the  Scotch  alum  works  at  Campsie,  in  the  neighbourhood 
of  Glasgow,  alum  meal  is  not  formed ;  but  the  hot  liquor  from 
the  evaporating  pan  is  run  into  a  stone  cooler,  in  which  the  neces- 
sary quantity  of  dry  potassic  chloride  has  been  placed.  The  liquid 
is  thoroughly  agitated  and  left  tb  cool ;  on  the  sides  of  the  vessd 
large  crystals  of  alum  are  formed  in  four  or  five  days.  The  mother- 
liquor  is  then  drained  off,  and  the  crystals  are  afterwards  washed 
and  recrystallized  twice. 

Where  ammonic  sulphate  can  be  obtained  sufficiently  cheap, 
it  is  substituted  for  potassic  sulphate  in  the  manufacture  of  alum, 
as  the  double  salt  which  it  forms  with  aluminic  sulphate  crystal- 
lizes with  almost  as  much  facility  as  the  potassium  salt ;  it  con- 
stitute^ what  is  known  as  ammonia  alum.     In  England  at  present 
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the  greater  part  of  the  alum  which  is  made  is  ammonia  alum« 
Indeed^  for  the  purposes  to  which  alum  is  applied,  neither  the 
potassic  nor  the  ammonic  sulphate  is  essential ;  the  object  pro- 
posed in  the  manufacture  of  alum  being  to  obtain  a  salt  of 
aluminum  which,  by  the  facility  with  which  it  crystallizes,  can  be 
freed  from  iron  and  from  earthy  impurities. 

A  number  of  other  salts  may  be  procured  which  have  the 
same  crystalline  form  as  potassium  alum,  and  are  similar  to  it  in 
constitution :  for  example,  potassic  sulphate  may  be  displaced  by 
sodic  sulphate,  and  a  sodium  alum  may  be  formed,  but  the  com- 
pound is  much  more  soluble  than  potassium  alum  :  in  like  manner 
the  place  of  the  aluminic  ^phate  may  be  supplied  by  ferric, 
chromic,  or  manganic  sesquisulphatei  forming  a  remarkable  series 
of  isomorphous  compounds,  some  of  which  are  enumerated  in  the 
annexed  table : — 

Potassium  alum  .  KAlaSO^iaHgO 
Sodium  alum  .  .  NaAhSO^.iaHgO 
Ammonium  alum,  H^NAl2SO^i2HgO 
Iron  alum  .  .  .  KFeaSO^iaHjO 
Chrome  alum  .  .  KCr2SO^i2H20 
Manganese  alum  .    KMn2SO^i2H20 

Besides  these  true  alams,  a  namber  of  aluminio  double  salts  may  be  formed 
with  the  sulphates  isomorphous  with  that  of  magnesium ;  they  crystallize  in  fine 
silky  needles.  A  native  sulphate  of  aluminum  and  manganese  was  stated  by  Kane 
and  by  Apjohn  to  contain  25  atoms  of  water.  A  similar  salt  of  iron  has  been 
met  with  in  the  native  state.  These  fibrous  salts,  according  to  How,  contain  only 
22H,0,  so  that  the  formula  of  the  manganese  salt  would  be  MnAl,4S0^,22H,0. 

Ordinary  alum  has  a  sweetish,  astringent  taste ;  it  is  soluble 
in  about  i8  parts  of  cold  water,  and  in  less  than  its  own  weight 
of  boiling  water.  The  solution  has  a  strongly  acid  reaction,  and 
dissolves  iron  and  zinc  with  evolution  of  hydrogen.  When  heated^ 
this  salt  first  melts  in  its  water  of  crystallization,  which  amounts 
to  45*53  per  cent,  of  its  weight ;  as  it  loses  water  it  firoths  up, 
and  forms  a  tough,  tenacious  paste,  which  is  ultimately  converted 
into  a  voluminous,  white,  infusible,  porous  mass  of  anhydrous  or 
burnt  alum.  If  crystallized  alum  be  submitted  to  a  regularly  in- 
creasing heat,  a  certain  proportion  of  the  water  contained  in  it  is 
readily  driven  off:  thus  by  a  temperature  of  212°,  5  atoms  out  of 
the  12  are  expelled,  and  5  more  at  248°  (120°  C).  If  the  salt  be 
now  heated  to  392°  (200°  C),  it  is  rendered  anhydrous  and  in- 
Holuble  in  water  (Gerhardt).  By  ignition,  alum  loses  a  great  part 
of  its  acid. 

Alum  is  largely  employed  in  dyeing :  when  used  in  this  pro- 
cess its  solution  is  gradually  mixed  with  sodic  carbonate,  so  long 


496  PHOSPHATES  AND   SILICATES   OF  ALUMINUM. 

as  the  precipitate  is  redissolved  on  agitation,  which  happens  till 
two-thirds  of  the  acid  have  been  neutralized.  The  solution  thus 
formed  contains  therefore  a  mixture  of  3  salts,  vis.,  Al^O,S0|+ 
E^SO^+sNa^SO^.  Cloths  dipped  into  this  liquid  remove  the  re- 
dissolved  alumina,  and  contract  an  intimate  mechanical  oombiiia- 
tion  with  it,  by  which  they  are  enabled,  as  already  mentioned,  to 
retain  the  colours  of  the  dye-stuffs  employed.  Upon  evaporstioiiy 
cubic  crystals  of  alum  are  deposited  from  this  solution,  and  the 
excess  of  alumina  separates.  A  basic  hydrated  aluminic  sulphate 
(AljO^SOj  .  9H2O),  containing  the  same  proportion  of  smlphuric 
anhydbride  and  alumina  as  that  formed  in  the  mordanting  liquid 
just  described,  is  obtained  by  precipitating  aluminic  sesquisulphate 
incompletely  by  caustic  ammonia ;  it  is  a  white  insoluble  powder. 
A  white  earthy-looking  mineral  termed  aluminite,  said  to  have  the 
same  composition  as  this  basic  sulphate,  is  found  near  Newhaven. 

(668)  Aluminic  Phosphates. — Several  miDemls  oociir,  into  the  oompontioB 
of  which  aluminic  phosphate  enters.  The  hlue  turquoise  is  a  hydrated  natiTiS 
phosphate,  AI^P^Ojj.jHjO,  or  2 Alfi^iP fi^.^Ufi,  coloured  by  copper  and  iron. 
Gibbsite  which  was  formerly  considered  to  be  an  aluminic  hydrate,  was  found  bj 
Hermann  to  consist  of  a  hydrated  phosphate  of  the  metal,  mixed  with  a  variable 
proportion  of  hydrated  alumina.  Aluminic  phosphate  (AlPO^)  may  be  prepaied 
artificially  by  mixing  a  solution  of  hydrodisodic  phosphate  with  one  of  alum; 
the  precipitate  must  be  well  washed.  If  this  precipitate  be  redissolved  in  aa 
acid,  and  ammonia  be  added,  the  precipitate  thus  occasioned  has,  aocording  to 
Bammelsberg,  the  composition  (4Al,0,,3P,0,.i8B,0).  WavefUte  is  a  nunenl 
which  crystallizes  in  radiating  tufts  of  needles ;  according  to  Berzeliua,  it  is  a 
combination  of  aluminic  fluoride  with  the  last-mentioned  basic  aluminic  ^lOi- 
phate,  3(4Al,0,,3P,0,.i8H,0),Al,F,.  The  mineral  amblygonite  is  a  oombinatioa 
of  fluoride  and  basic  aluminic  phosphate  with  trilithic  phosphate.  Xont/s^ 
[2(3[CaMgFe]0,P,0,),(4Al,0,.3P,0^,6H,0]  is  a  blue  mineral  composed  of 
another  double  phosphate  which  contains  the  same  aluminic  phosphate,  ookniicd 
by  basic  phosphate  of  iron  (Rammelsberg). 

Aluminic  phosphate,  in  its  hydrated  form,  is  readily  soluble  in  hydrochlorie 
acid.  Its  solution  may  be  precipitated  by  caustic  potash,  but  the  precipitate  is 
redissolved  by  an  excess  of  the  alkali.  In  the  operations  of  analysis  it  is  often 
necessary  to  separate  phosphoric  acid  from  alumina :  this  is  most  readily  efieoted 
by  Chancel's  method,  in  which  the  solution  in  nitric  or  acetic  acid,  perfectly 
freed  both  from  hydrochloric  and  sulphuric  acid,  is  mixed  with  an  acid  solutton 
of  bismuth  nitrate  (448).  Phosphoric  acid  is  thus  precipitated  as  bismuth  phot* 
phate  (Bi'"PO^),  and  the  whole  of  the  aluminum  remains  in  solution. 

(669)  Aluminic  Silicates. — ^The  compounds  of  silica  with 
aluminum  are  numerous  and  important.  All  the  varieties  of  clay 
consist  of  hydrated  aluminic  silicate,  more  or  less  mixed  with 
other  matters  derived  from  the  rocks  which,  hy  their  disintegra- 
tion, have  formed  the  clay.  Clay  is,  in  fact,  the  result  of  the 
combined  action  of  air  and  water  upon  felspathic  and  siliceous 
rocks,  and  therefore  necessarily  varies  considerably  in  composition. 
The  fundamental  constituent  of  the  more  important  varieties  of 


CLAT.  497 

clay^  according  to  the  researclies  of  Brongniart^  Malagatii  and 
others,  is  represented  by  the  formula  (Alj,03,2SiO,  .  iHfii).  This 
appears  to  be  the  composition  of  the  fire-clay  of  the  Staffordshire 
coal-measures.  The  ordinary  varieties  of  clay,  however,  contain 
fragments  of  undecomposed  rock,  a  certain  proportion  of  potash, 
and  variable  amoimts  of  silica  in  the  hydrated  condition,  mixed 
with  lime,  magnesia,  and  oxides  of  iron ;  the  character  of  the  clay 
is  materially  modified  according  as  one  or  other  of  these  ingre- 
dients predominates.  The  intermixture  of  lime,  magnesia,  or 
ferric  oxide,  in  any  considerable  quantity,  with  the  clay,  greatly 
increases  its  fusibility,  diminishes  its  plasticity,  and  causes  it  to 
be  more  readily  attacked  by  acids :  whilst  an  excess  of  silica  ren- 
ders it  less  fusible. 

Pure  clay,  before  it  has  been  ignited,  forms,  when  kneaded,  a 
tenacious,  plastic  paste,  which  is  insoluble  in  water,  but  may 
readUy  be  diffused  through  it  in  particles  which  are  in  an  ex- 
treme  state  of  subdivision ;  the  deposit,  when  freed  from  the  excess 
of  water,  as  it  subsides,  resumes  its  plastic  character.  This  paste, 
when  slowly  dried,  and  exposed  to  a  higher  temperature,  shrinks 
very  much,  and  splits  into  masses  which  are  extremely  hard,  but 
they  do  not  undei^o  fusion  in  the  furnace.  Pure  hydrated 
aluminic  silicate  is  very  slowly  acted  upon  by  hydrochloric  or  by 
nitric  acid ;  but  it  is  decomposed  when  heated  with  concentrated 
sulphuric  acid ;  and  upon  this  fact  one  of  the  processes  for  pre- 
paring alum  (667)  is  founded.  A  gentle  roasting  of  the  clay, 
previous  to  the  addition  of  the  acid,  frequently  favours  its  disin- 
tegration ;  but  ignition  at  a  high  temperature  renders  it  proof 
against  the  action  of  acids,  except  the  hydrofluoric.  Strong  solu- 
tion of  caustic  potash  dissolves  imbumt  clay  very  slowly ;  but  if 
the  hydrated  alkali  in  excess  be  fused  with  clay,  the  resulting 
mass  is  easily  soluble  in  water. 

Clay  emits  the  peculiar  odour  known  as  argillaceous  when 
breathed  upon  or  slightly  moistened :  its  presence  in  any  soil  may 
be  roughly  but  readily  distinguished  by  the  absorbent  quality 
which  it  exhibits  when  applied  in  a  dry  state  to  the  tongue  or 
the  lips ;  it  adheres  to  them  strongly,  and  absorbs  the  saliva  from 
their  surface.  This  absorbent  property  of  clay  causes  it  to  retain 
ammonia  in  the  soil  to  an  extent  which  is  of  great  importance  to 
growing  plants,  and,  as  Way  has  shown,  it  arrests  the  ammoniacal 
portions  of  the  manure  applied  to  the  surface,  and  thus  not  only 
ministers  to  the  growth  of  the  crop,  but  exerts  a  very  important 
purifying  influence  upon  water  impregnated  with  organic  and 

II.  K   K 
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other  substances^  which  find  their  way  slowly  through  the  soiL 
Indeed^  mere  agitation  of  such  water  with  finely  divided  day  ii 
sufficient  to  remove  a  considerable  amount  of  the  organic  and 
valine  matter  previously  in  solution.  It  was  found  that  both  sul- 
phate and  chloride  of  ammonium  were  partially  decompoaed  by 
the  lime  of  the  clay^  the  ammonia  being  retained^  whilst  a  corre- 
sponding amount  of  calcic  sulphate  or  chloride  was  formed  in  the 
solution.  A  similar  decomposing  action  was  also  exerted  by  day 
upon  potassic  nitrate. 

Varieties  of  Clay. — ^The  most  important  varieties  of  day  are 
the  following : — 

I. — ^The  celebrated  kaolin,  or  porcelain  clay  of  China^  is  a  vciy 
pure  white  clay,  furnished  by  the  decomposition  of  a  granitic  rode, 
the  constituents  of  which  are  quartz,  felspar,  and  mica,  the  fel- 
spar having  gradually  mouldered  into  this  substance.  A  very 
similar  description  of  clay  is  obtained  near  St.  Austel,  in  Corn- 
wall, and  at  St.  Yrieix,  near  Limoges,  in  France.  It  is  in  these 
cases  chiefly  produced  by  the  disintegration  of  a  rock  known  to 
geologists  as  pegmatite,  which  is,  in  fact,  a  species  of  granite  in 
which  mica  is  almost  wanting,  and  quartz  present  in  but  small 
quantity.  The  Cornish  stone  used  by  the  porcelain-makers  is  the 
same  rock  in  a  less  advanced  state  of  disintegration.  Hie  plas- 
tidty  of  kaolin  is  much  less  than  that  of  the  clay  derived  firom 
disintegration  of  the  secondary  rocks. 

2. — Pipeclay  is  a  white  variety  of  clay,  which  is  nearly  tree 
from  iron.  That  of  the  Isle  of  Purbeck,  in  Dorsetshire,  where  it 
occurs  nearly  at  the  base  of  the  clay  deposits,  is  preferred :  it  is 
used  in  the  manufacture  of  tobacco-pipes  without  any  addition; 
before  the  oxyhydrogen  blowpipe  it  melts  to  a  transparent,  nearly 
colourless  glass. 

3. — The  blue  clay  of  Devonshire  and  Dorsetshire  is  highly 
prized,  as  it  is  eminently  plastic.  The  organic  matter  to  whidi 
it  owes  its  colour  is  destroyed  when  heated,  and  it  yields  a  white 
paste  when  fired.  It  is  employed  as  one  of  the  materials  in  the 
manufacture  of  porcelain.  The  upper  beds  of  this  clay  fi^uendy 
contain  a  large  proportion  of  sand  mixed  with  the  plastic  mate- 
rial, and  are  well  suited  for  making  salt-glazed  stoneware  without 
further  admixture. 

4. — ^When  the  proportion  of  calcic  carbonate  in  a  clay  is  ccm- 
siderable,  it  constitutes  what  is  known  as  a  marl;  if  the  alumi- 
nous constituent  preponderate,  it  forms  an  aluminous  marl;  if 
calcic  carbonate  be  in  excess,  it  is  a  calcareous  marl.      The 
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aluminoos  marls  are  extensively  used  in  the  mannfactore  of  the 
coarser  and  more  porous  kinds  of  pottery. 

5. — Loam  is  a  still  more  mixed  substance^  belonging  to  the 
more  recent  alluvial  formations:  it  is  the  common  material  of 
which  bricks  are  made ;  its  red  or  brown  colour  is  derived  from 
the  large  proportion  of  ferric  oxide  which  it  contains. 

6. — Yellow  ochre  and  red  bole  are  clays  which  derive  their 
colour  from  ferric  oxide^  which  is  present  in  them  in  large 
quantity. 

HalloyHte  is  a  white  hjdrated  alaminio  silicate  which  greatly  resembles 
kaolin  in  appearance,  but  it  is  destitute  of  any  plastic  character,  and  is  therefore 
unfitted  for  the  manofaotore  of  porcelain.  Fuller* s  earth  is  a  poroos  aluminic 
silicate  which  has  a  strong  adhesion  to  oily  matters :  if  made  into  a  paste  with 
water,  and  allowed  to  dry  upon  a  spot  of  grease  upon  a  board  or  cloth,  it  removes 
most  of  the  oil  by  capillary  action.  Amongst  other  localities  in  England,  it  is 
found  abundantly  near  Beigate,  in  Surrey. 

The  following  table  exhibits  the  composition  of  some  of  the  more  important 
varieties  of  clay  used  in  the  arts.  The  first  two  are  results  obtained  by  Ebelmen 
and  Salvetat ;  the  others  are  from  analyses  executed  in  Richardson's  laboratory, 
and  are  quoted  in  the  second  volume  of  the  English  translation  of  Knapp's  Teeh* 
noloffical  Chemistry:^ 
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Besides  these  amorphous  aluminic  silicates,  there  are  many  which  occur  in  a 
crystalline  form.  DUthene,  or  cyanite,  is  a  blue-coloured  soft  mineral  of  this 
kind  (Al,0,,SiOJ. 

(670)  Other  aluminous  minerals. — ^The  zeolites  are  hydrated 
double  silicates  in  which  the  principal  bases  are  alumina  and 
lime.  They  boil  up  when  heated  upon  charcoal  before  the  blow- 
pipe^ (hence  their  name^  from  XJiw,  to  boil)^  and  are  dissolved  by 
acids^  leaving  the  silica  in  a  gelatinous  state.  In  these  minerals 
the  lime  is  liable  to  displacement  more  or  less  complete  by  ferrous 
oxide^  by  magnesia^  or  by  the  alkalies.  They  are  often  very 
beautifdlly  crystallized.  Analcime  (NajO^Al^Oj^SiOg^aHgO)  is 
one  of  these  minerals  ;  it  crystallizes  in  cubes.  Stilbite  crystal- 
lizes in  radiated  needles^  and  has  the  composition  of  hydrated 
labradorite    (Ca0^203,6SiOy6Hj,0).       Prehnite   crystallizes   in 
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six-sided  prisms;  it  may  be  represented  hj  tlie  fonnnla^ 
aCaCAlgOj^sSiOjpHgO. 

The  varieties  of  felspar  {'MLfi,Alfi^6SiO^  are  likeirise 
double  silicates  of  aluminum  with  potassium^  sodium^  lithium,  or 
calcium.  Potassium-felspar^  the  adularia  or  orthocla9e  of  min»> 
ralogists^  and  the  peiutUze  of  the  Chinese  potters,  is  suflEkaently 
hard  to  scratch  glass ;  it  is  used  as  a  glaze  in  the  manafactoie  of 
the  finest  kinds  of  porcelain.  Felspar  requires  the  most  inteue 
heat  of  the  porcekin  furnace  for  its  fusion,  when  it  forms  a  white 
milky  glass.  Sodium-felspar,  from  its  usual  white  €x>lonr,  has 
received  the  name  of  aUnte.  The  felspar  containing  lithium  con- 
stitutes petalite.  Common,  or  potassium-felspar,  crystallises  in 
oblique  rhombic  prisms.  Labradorite  is  a  double  aluminic  sili- 
cate, analogous  to  felspar,  but  it  contains  calcium  instead  of  the 
alkali-metals :  it  crystallizes  in  doubly  oblique  prisms  belonging 
to  the  sixth  system. 

These  minerals,  by  disintegration,  yield  the  porcelain  day,  or 
kaolin. 

Felspar  not  only  forms  the  regularly  crystallized  minerals  just 
mentioned,  but  it  occurs  mingled  with  quartz  and  other  crystal- 
lized minerals :  it  is  indeed  one  of  the  most  abundant  constituents 
of  many  of  the  older  rocks.  Granite,  for  example,  is  a  rock  con- 
sisting of  intermixed  crystals  of  quartz,  felspar,  and  mica.  When 
it  contains  hornblende  instead  of  mica,  the  term  syenUe  is  given 
to  it.  Gneiss  contains  the  same  components  as  granite,  but  it 
has  a  more  stratified  appearance,  as  the  mica  occurs  more  in 
layers.  Porphyry  consists  chiefly  of  compact  felspar,  with  crystals 
of  felspar  disseminated  through  it ;  it  is  often  red  or  green,  and 
takes  a  fine  polish.  Basalt  is  a  dark-coloured  volcanic  rock,  con- 
sisting of  compact  felspar  containing  crystals  of  augite.  When 
the  place  of  the  felspathic  constituent  is  supplied  by  Uibradorite 
(or  calcium  felspar)  the  basalt  is  called  doleriie.  Trcq>,  or  grem^ 
stone,  is  a  very  tough,  compact,  igneous  rock,  of  a  dark-greenish 
or  brownish-black  colour ;  it  is  composed  of  an  intimate  mixture 
of  felspar  and  hornblende.  If  it  contain  sodium-felspar  (albite)^ 
the  rock  is  known  under  the  name  of  diorite.  Trachyte  is  a  vol- 
canic rock  also  consisting  chiefly  of  felspar,  less  compact  than 
either  porphyry  or  basalt.  The  porous  pumice-^tone  of  volcanic 
districts  is  probably  altered  felspar ;  it  contains  a  much  smaller 
proportion  of  alkali  than  the  crystallized  mineral.  Melted  pumice 
constitutes  obsidian,  or  volcanic  glass. 

Garnet,  which  commonly  crystallizes  in  rhombic  dodecahedra, 
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and  idocrase,  which  CTjrstallizes  in  square  prisms^  are  basic  double 
silicates  of  calcium  and  aluminum,  in  which  part  of  the  lime  \b 
displaced  by  other  protoxides,  and  the  alumina  by  sesquioxide  of 
iron  [3  (CaMgFeMn)''0,  (AlFe)'''30s,  sSiOj.]  In  pyrcpe,  which 
is  a  species  of  garnet  found  in  Bohemia,  the  colouring  matter  is 
partly  chromic  oxide.  These  minerals  have  a  hardness  greater 
than  that  of  quarts. 

The  different  forms  of  ndca  are  also  double  aluminic  silicates, 
which  contain  in  addition  a  smaU  quantity  of  water  and  some 
alkaline  fluoride.  Uniaxal  mica  consists  chiefly  of  maguesic 
and  aluminic  silicate  [4  (MgKFe)0,  (AlFe)g03, 4SiOg.]  In 
biaxal  mica  [(KFe)0, 3(AlFe)305, 6SiOJ,  on  the  other  hand, 
potassic  silicate  predominates.  Lepidolite  is  a  variety  of  biaxal 
mica  in  which  lithic  silicate  takes  the  place  of  potassic  silicate. 

Another  important  alumino-magnesic  silicate  constitutes 
chlorite  [4(MgPe)0,  (AlFe)^©^,  aSiO, .  3H3O],  which  occurs  both 
massive  and  in  crystals  with  a  granular  firacture ;  it  is  of  a  green 
colour.  In  the  massive  form  of  chlorite  slate  it  occurs  as  one  of 
the  primitive  rocks  which  is  widely  distributed.  There  are  many 
varieties  of  slate.  Roofing  slate  is  an  argillaceous  rock  which 
splits  readily  into  thin  laminse.  Mica  slate,  as  its  name  implies, 
contains  particles  of  mica,  to  which  it  owes  its  glistening  appear- 
ance. Hornblende  slate  contains  hornblende  in  place  of  mica, 
and  has  little  lustre. 

(671)  Porcelain  and  Pottery  Ware. — In  the  preparation  of 
earthenware  the  material  employed  is  required  to  possess  a  plas- 
ticity equal  to  that  of  red-hot  glass,  and  yet  to  be  capable  of 
being  rendered  by  heat  sufficiently  firm  and  hard  to  resist  the 
mechanical  violence  necessarily  inflicted  on  it  by  daily  use. 

The  basis  of  earthenware,  porcelain,  and  china,  is  aluminic 
silicate:  it  possesses  the  plasticity  required,  and  when  heated 
assumes  a  great  degree  of  hardness.  Pure  aluminic  silicate,  how- 
ever, contracts  greatly  and  unequally  on  drying:  the  utensils 
made  from  it  would  consequently  be  liable  to  crack  during  their 
desiccation ;  in  order,  therefore,  to  diminish  the  amount  of  this 
contraction,  an  addition  of  some  indifferent  powder,  such  as 
ground  flint,  is  made;  while  to  compensate  for  the  loss  of 
tenacity  thus  occasioned,  and  which  is  particularly  experienced  in 
the  use  of  the  fine  clays  employed  for  porcelain,  some  fusible 
material  is  added,  which,  at  the  temperature  required  for  firing, 
undergoes  vitrification,  and  greatly  assists  in  binding  the  mast 
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together.  According  to  the  greater  or  less  proporiian  of  thoe 
fdsible  materials,  the  ware  is  more  or  less  semi-transparent,  and 
more  or  less  subject,  like  glass,  to  fly  on  the  apjdication  of 
sudden  changes  of  temperature. 

The  articles  which  have  passed  once  through  the  kiln,  and 
have  thus  acquired  fimmess,  are  rough  and  uneren,  and  the 
coarser  kinds  of  ware  are  very  porous.  It  is  usual,  after  the  first 
firing,  in  order  to  give  smoothness  and  uniformity  to  the  sorfiMse, 
as  well  as  to  render  the  body  of  the  ware  impermeable  to  moistore, 
to  cover  it  with  a  kind  of  flux  or  glaze,  which  melts  at  a  lower 
temperature  than  the  material  composing  the  ware  itself;  and  in 
order  to  melt  the  glaze  the  articles  are  a  second  time  passed 
through  the  kiln. 

The  materials  employed  in  the  fabrication  of  porcelaiii  and 
earthenware  are,  clays  of  various  degrees  of  purity  and  fineness^ 
ground  felspar,  calcined  flints  or  sand,  burnt  bones,  chalk,  and 
sodic  or  potassic  carbonate;  they  do  not,  therefore,  differ  veiy 
greatly  from  those  which  are  employed  in  glass-making  except 
in  the  great  preponderance  of  aluminic  silicate.  The  varieties 
of  pottery  or  earthenware  are  numerous :  the  following  include 
those  which  are  of  most  importance : — 

I. — Porcelain,  or  China. — ^This  is  the  finest  and  most  valuable 
description  of  ware :  it  is  distinguished  from  ordinary  earthen- 
ware by  the  composition  of  the  paste  from  which  it  is  formed. 
The  materials  are  selected  with  great  care,  in  order  that  they 
may  give  a  colourless  mass  after  firing.  Porcelain  consists  mainly 
of  two  classes  of  materials,  one  of  which,  the  day,  is  plastic,  and 
is  infusibler  at  the  temperature  employed  to  fire  it;  the  other 
(chiefly  calcic  and  potassic  silicate)  softens  and  becomes  vitrified, 
forming  a  kind  of  cement  which  binds  the  clay  firmly  together, 
and  thus  produces  a  translucent  mass,  which  when  broken  appears 
to  be  of  a  uniform  texture  throughout,  and  is  impervious  to 
liquids.  Much  judgment  is  required  in  the  due  proportioning 
of  the  frisible  and  infusible  materials. 

The  celebrated  Sevres  porcelain  resembles  the  original  Chinese  ware,  of  whieb 
indeed  it  b  an  imitation.  Begnault  states  the  composition  of  the  paate  used  ti 
S^Tres  for  ornamental  purposes  tx)  be  the  following : — ^Washed  kaolin,  62  parti; 
Bongival  chalk,  4;  Aimiont  sand,  ij ;  qoartzose  felspar,  17.  Theee  ingre- 
dients  are  carefully  levigated  and  then  thoroughly  incorporated.  Aa,  ham» 
ever,  the  composition  of  the  kaolin  varies,  the  proportion  of  the  other  materiaii 
is  necessarily  varied  likewise,  so  as  to  obtain  a  porcelain  of  uniform  oom- 
position. 

In  order  to  give  a  smooth  sur&oe  to  the  ware,  a  glaze  similar  in  oompoaHaoa 
to  the  fusible  material  is  used.     The  glaze  employed  at  Sevres  conaists  of  a  mix- 
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tore  of  feliipar  and  quartz.  It  is  transparent,  and  rather  more  fusible  than  the 
body  of  the  ware,  but  becomes  thoroughly  incorporated  with  it,  and  from  its  simi- 
larity in  composition  it  expands  and  contracts  by  heat  uniformly  with  the  paste 
which  it  covers ;  hence  it  is  not  liable  to  crack  and  split  in  all  directions  in  the 
manner  which  is  so  commonly  obserred  in  the  glaze  of  the  more  ordinary  kinds ' 
of  earthenware. 

The  china  of  Berlin  and  Meissen  is  veiy  similar  in  composition  to  that  of 
S^yres :  these  constitute  what  is  termed  hard,  or  true,  porcelain. 

English  porcelain  contains,  in  addition  to  the  Cornish  clay  and  felspar  or 
flint,  a  large  proportion  of  burnt  bones ;  the  glaze,  which  is  transparent,  usuaUy 
contains  both  borax  and  plumbic  oxide  to  increase  its  fusibility.  English  porce- 
lain is  softer  than  the  Chinese,  French,  or  Overman  porcelain,  and  constitute  one 
variety  of  what  the  French-  term  parcekdne  tendre^  the  manufacture  of  which 
in  France  is  now  rarely  practised. 

a. — Stoneware  is  a  species  of  porcelain  in  which  the  body  of 
the  ware  is  more  or  less  coloured,  less  care  being  taken  with 
regard  to  the  purity  of  the  material.  It  generally  contains  more 
oxide  of  iron,  and  consequently  is  somewhat  more  fusible  than 
the  best  porcelain,  and  is  usually  salt' glazed  in  a  manner  shortly 
to  be  described.  Wedgwood^ware  is  a  fine  description  of  stone- 
ware. 

3. — Fine  Earthenware. — Articles  of  this  description  are  very 
extensively  manufactured  in  the  Staffordshire  Potteries,  and  con- 
stitute the  ordinary  table-service  of  this  country.  The  Devon- 
shire and  Dorsetshire  clays  are  those  chiefly  made  use  of;  they 
are  mixed  with  a  large  proportion  of  ground  flints,  and  yield  an 
infusible  paste  which  bums  nearly  white.  The  body  of  the  ware 
is  not  fused  in  the  firing,  but  it  is  rendered  impervious  to  liquids 
by  means  of  a  fusible  lead  glaze. 

4. — Common  earthenware  is  made  of  an  inferior  and  more 
fusible  description  of  clay :  both  this  kind  of  ware  and  the  fore- 
going one  crack  easily  on  the  sudden  application  of  heat. 

5. — The  coarsest  description  of  clay  goods  are  bricks,  tiles, 
flowerpots,  and  similar  articles. 

6. — Articles  which  are  required  to  stand  a  high  temperature, 
such  as  fire-bricks  for  lining  furnaces,  muffles,  pots  for  the  fusion 
of  glass,  crucibles  for  melting  steel,  and  the  Hessian  crucibles  so 
lai^ely  in  demand  in  the  laboratory,  are  made  of  a  pure,  infusible 
siliceous  clay,  the  shrinking  of  which  during  drying  is  diminished 
by  the  addition  either  of  burnt  clay  of  the  same  description,  or 
of,  what  amounts  to  the  same  thiag,  broken  pots  of  the  same 
material,  which  are  reduced  to  a  fine  powder  and  incorporated 
with  the  paste.  Good  fire- ware  is  nearly  white :  if  coloured,  the 
presence  of  oxide  of  iron  would  be  indicated,  and  this  would 
render  it  fusible. 
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The  following  table  gives  the  composition  of  some  of  the  moie  impoftut 
varieties  of  china  and  pottery  ware : — 
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(672)  Mant^acture  of  Porcelain, — For  the  finer  kinds  of  porcelain  mndi 
care  is  taken  to  ensure  the  purity  and  minute  subdivision  of  the  conatHncpti> 
as  well  as  their  intimate  admixture.  The  clay  is  first  ground  between  horiaontal 
stones  under  water ;  it  is  next  levigated  in  water,  to  allow  the  coarser  partides 
to  subside  while  the  lighter  ones  remain  in  suspension.  The  finer  suspended 
particles  are  then  formed  into  a  mixture  of  the  consistence  of  thin  cream,  a  wine 
pint  of  this  being  made  to  weigh  24  or  26  ounces :  in  this  state  the  cream  or 
pulp  is  mixed  with  the  ground  felspar,  flint,  or  other  materiaL  Suppose,  fiv 
example,  that  the  pulp  is  to  be  mixed  with  ground  flints ;  the  flints  are  heated 
to  redness,  suddenly  quenched  in  cold  water,  and  then  reduced  by  stamping  and 
grinding  them  under  water  to  an  impalpable  powder ;  this  also  is  suspended  in 
water,  a  wine  pint  of  the  mixture  being  made  to  weigh  32  ounces.  The  two  in- 
gredients are  easily  mixed  in  the  necessary  proportions  by  taking  a  givoi 
measure  of  each  pulp  and  thoroughly  incorporating  them.  The  mixture  thus 
obtained  is  technically  termed  slip.  The  slip  is  well  agitated  and  allowed  to 
subside ;  the  deposit  is  drained  (carefuUy  mixing  it  from  time  to  time),  and 
4ried,  until  is  has  acquired  sufficient  consistence  to  allow  of  its  being  wron^ 
l^  the  potter.  Much  labour  is  afterwards  bestowed  in  working  this  clay  in  sgch 
a  manner  as  to  render  it  of  uniform  composition  throughout,  and  to  preserve  it 
free  from  air-bubbles.  The  mixture  is  found  to  be  greatly  improved  in  quality 
by  being  allowed  to  remain  for  some  months  before  it  is  worked  up,  the  mass 
being  occasionally  turned  over  and  beaten.  During  this  process  of  ripening  the 
mass  undergoes  a  slow  change,  in  the  course  of  which  traces  of  organic  matter 
which  it  contains  gradually  become  oxidized,  reducing  the  sulphates  to  sulphides, 
in  consequence  of  which  it  evolves  a  slight  odour  of  sulphuretted  hydrogen,  and 
the  colour  of  the  paste  becomes  somewhat  darker  from  the  formation  of  traeea  of 
ferrous  sulphide.  It  is  of  great  importance  in  the  finer  specimens  of  ware  to 
avoid  the  presence  of  organic  matter :  a  single  hair  might  spoil  a  delicate  work 
of  art  by  the  disengagement  of  gas,  and  the  formation  of  bubbles  in  the  interior 
of  the  mass  when  heated. 

Less  labour  is  expended  upon  the  coarser  kinds  of  pottery.  Afiber  the  lanr 
day,  brought  from  Devonshire  or  Dorsetshire  in  blocJn  of  about  30  pounds 
weight  (or  nearly  14  kilos.),  has  been  dried,  it  is  ground  and  mixed  with  a 
certain  proportion  of  ground  flints ;  it  is  then  tempered  with  water  into  a  stiiT 
paste,  and  passed  between  rollers  to  complete  the  process  of  fitting  it  for  the 
wheeL 
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Tbe  mechanical  operations  are  of  the  sai&e  natore  in  every  case :  and,  for 
fashioning  the  chij,  the  potter's  wheel  is  in  general  use.  This  consists  of  a 
circular  slab,  whidi  oan  be  made  to  revolve  in  a  horizontal  i»lane,  either  by  a 
treddle  or  by  a  winch  turned  by  a  boy  or  girl  A  mass  of  clay  of  the  size  re- 
quired is  dashed  upon  the  moistened  slab,  and  is  worked  by  the  hands,  the  wheel 
revolving  during  the  whole  time,  so  that  the  operation  b  a  compound  of  mould- 
ing and  turning ;  the  article  is  finally  tnnmied  up  with  a  wooden  tool,  and  tha 
work  is  detached  from  the  wheel  by  passing  a  wire  between  the  slab  and  the 
vessel.  The  moulded  artides  are  then  allowed  to  dry  for  a  day  or  two  in  a  room 
heated  from  90^  to  100^  (32^*2  to  37^*8  C.)>  in  order  to  give  firmness  sufficient 
to  permit  them,  when  necessary,  to  be  carefully  turned  on  a  lathe.  After  this 
operation  has  been  completed,  the  handles  and  ornaments  may  be  attached ;  these 
are  made  in  moulds,  and  adhere  readily  by  means  of  slip  when  pressed  against 
the  moulded  mass,  which  is  still  moist  The  articles  have  at  this  stage  received 
the  form  which  they  are  intended  to  retain,  and  are  next  subjected  to  heat  in  the 
biscuit  furnace.  It  is  necessaxy  that  the  temperature  be  at  first  very  gradually 
and  carefully  rabed,  lest  the  aqueous  vapour,  being  extricated  too  suddenly, 
should  deface  the  vessel  or  ii\jure  its  texture.  By  this  first  firing  the  different 
articles  acquire  a  gpreater  degree  of  firmness,  and  can  be  handled  without  danger 
of  breakage,  but  tbey  are  in  a  very  porous  state,  technically  termed  ifiseuit.  The 
ware  in  this  stage  readily  absorbs  any  solution  that  may  be  placed  upon  its 
surfiioe,  and  this  is  the  period  chosen  for  printing  the  patterns  or  designs  which 
the  finished  goods  are  to  exhibit.  The  colouring  matter  generally  consists  of 
some  metallic  oxide  ground  up  with  oil  of  turpentine  or  with  boiled  linseed  oil. 
Blue  is  usuaUy  given  by  cobalt  oxide ;  green  by  chromic  oxide ;  brown  by  a 
mixture  of  oxides  of  iron  and  manganese ;  black,  by  black  uranium  oxide ;  and  a 
pink,  which  is  much  esteemed,  by  a  combination  of  stannic  oxide,  lime,  and  a 
minute  quantity  of  chromic  oxide.  In  order  to  apply  the  colouring  material,  it 
is  printed  from  copper  plates  on  a  thin  unsized  paper  made  for  the  purpose ;  this 
paper,  while  the  colour  is  still  moist,  is  applied  to  the  surface  of  the  biscuit ;  the 
design  is  soon  absorbed  by  the  ware,  and  the  paper  is  washed  off.  The  ware  is 
now  subjected  to  another  baking  or  firing,  fi^r  the  purpose  of  fixing  the  colour 
and  burning  off  the  oiL  For  decorating  the  finer  kinds  of  porcelain  the  metallio 
colour  is  mixed  with  a  fusible  glaze  containing  quartz,  boracic  acid,  and  plumbic 
oxide  melted  together.  The  coloured  glass  thus  obtained  is  then  reduced  by 
levigation  to  a  fine  powder,  and  ground  up  with  some  volatile  oil,  in  which  form 
it  is  laid  on  in  the  desired  pattern  by  means  of  a  hair  pencil.  After  the  glazing 
has  been  completed,  it  is  fired  at  a  moderate  heat  in  a  muffle.  In  the  finer  kinds 
of  decoration,  the  application  of  the  colouring  matter  requires  thB  nicest  manage- 
ment. For  details  upon  this  point  (and  indeed  upon  most  others  connected  with 
the  art  of  Pottery),  the  reader  is  referred  to  Brongniart's  great  work  Sur  les 
Arts  CeranUques.  After  the  application  of  the  colouring  material,  the  ware  still 
remains  far  too  porous  for  use,  and  it  further  undergoes  the  process  of  glazing. 

The  glaze  for  fine  porcelain  is  prepared  by  levigating  quartz  and  felspar  with 
water,  so  as  to  form  a  mixture  of  the  consistence  of  cream;  to  this  a  little 
vinegar  is  added,  to  favour  the  suspension  of  the  finely  divided  particles.  Each 
article  is  then  dipped  separately  into  the  mixture.  The  porous  mass  quickly 
absorbs  the  moisture,  leaving  a  thin  uniform  film  of  glaze  upon  the  surface.  The 
goods  thus  prepared  are  then  enclosed  in  vessels  made  of  fire-clay,  termed  seggars^ 
and  are  exposed  to  the  most  intense  heat  attainable  in  the  porcelain  furnace. 

In  glazing  ordinary  earthenware  a  similar  process  is  adopted,  but  the  tem- 
perature of  firing  is  below  that  required  in  tiie  biscuit  furnace.  The  glaze 
usually  consists  of  a  fusible  material  containing  a  considerable  quantity  of  plumbic 
oxide:  a  mixture  of  felspari  flint,  flint  glass,  and  white  lead,  is  in  common  use. 
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The  glazing  of  itoDe-ware  depends  upon  a  pecoliar  mode  of  decompoiiiica  «f 
oommon  lalt  Sodic  chloride  is  not  deoompoaed  by  heat  alone,  and  if  baited 
with  dry  ailica  no  deoomposition  oocora ;  bat  in  the  pceaenoe  of  ailiea  and  mmt 
aabatanoe  capable  of  imparting  oxygen  to  the  sodium,  and  at  the  aama  time  of 
removing  the  chlorine  with  which  it  is  united — each,  for  instance  mm  steaB, « 
ferric  oxide — ^the  salt  is  susceptible  of  deoomposition  at  an  elevated  iempenteif ; 
iodic  silicate  and  hydrochloric  add,  or  sodic  silicate  and  ferrio  ehloride,  as  the 
case  may  be,  being  formed.  The  yarious  utensils,  having  been  dipped  into 
and  water,  are  placed  in  the  kiln,  and  are  gradually  raised  to  an  intenae 
A  certain  Quantity  of  moist  salt  is  then  thrown  in :  the  sodic  chloride  ia  ^jnkid^ 
converted  into  vapour,  and  the  salt  is  decomposed  by  the  silica  and  forie  oxide 
in  the  clay,  aided  by  the  steam  produced  in  the  combustion  oi  the  fneL  in  the 
furnace.  The  ferric  chloride  and  hydrochloric  acid  pass  off  in  vaponr  with  the 
excess  of  salt  employed,  whilst  the  sodic  silicate  fuses  upon  the  ware,  and  renden 
it  impervious  to  liquids.     The  reactions  may  be  thus  repreeented : — 

H,0  +  2NaCl  +  SiO,  =  illCi  +  Na^O,SiO, ;  and 
Fe,0,  +  6NaCl  +  sSiO,  =  Fe.Cl.  +  3(Na^O,SiOJ. 

It  is  worthy  of  remark,  that  although  clay  contracts  very  evenly  by  heii 
when  its  density  is  uniform  throughout,  yet  if  its  density  be  unequal  in  difiennt 
parts,  the  contraction  is  also  unequal ;  hence  though  a  vessel  may  iasue  smooth 
and  well  finished  from  the  workman's  hands,  it  often  assumes  a  striated  and 
uneven  appearance  during  the  process  of  firing;  and  if  a  stamp  be  imptessed 
upon  clay  while  soft,  and  the  whole  surface  be  shaved  away  until  no  farther  im- 
pression is  visible,  the  mark  of  the  stamp,  after  baking,  reappears  in  a  manner 
more  or  less  distinct 

(673)  Ultramarine. — ^Alumina  enters  into  the  formation  of  the 
pigment  ultramarine,  so  highly  prized  for  the  purity  and  delicacy 
of  its  blue  colour,  and  for  its  permanence  when  exposed  to  light 
and  air,  though  mixed  with  oils,  and  subjected  to  the  action  of 
lime  or  of  alkalies.  This  valuable  colouring  material  was  for- 
merly obtained  exclusively  &om  the  lapis  lazuli  by  a  tedious 
process,  which  consisted  in  gently  calcining  the  stone,  broken 
into  fragments  of  the  size  of  hazel-nuts ;  the  heated  fragments 
were  then  quenched  in  vinegar,  by  which  they  were  rendered 
more  friable,  and  were  deprived  of  adhering  calcic  carbonate : 
they  were  next  subjected  to  a  patient  levigation  with  a  thin 
syrup  of  honey  and  dragon's-blood ;  were  then  made  into  a  paste 
with  a  resinous  cement ;  and  after  allowing  this  to  remain  un- 
disturbed  for  some  days,  the  ultramarine  was  extracted  from  it 
by  suspension  in  hot  water  and  subsidence. 

Ultramarine  is  now,  however,  manufactured  artificially  upon  a  large  scale ; 
and,  amongst  other  applications,  it  is  extensively  used  in  paper-staining.  The 
following  process  answers  well  upon  the  small  scale : — 100  parts  of  finely  washed 
kaolin,  100  of  sodio  carbonate,  60  of  sulphur,  and  12  of  charcoal,  are  intimately 
mixed,  and  exposed  in  a  covered  crucible  to  a  bright  red  heat  for  three  hours 
and  a  half.  The  residue,  which  should  not  be  in  a  fused  condition,  is  of  a  green 
colour.  It  must  be  well  washed,  dried,  and  mixed  with  a  fiftii  of  its  weight  of 
sulphur,  and  exposed  in  a  thin  layer  to  a  gentle  heat,  little  above  that  required 
to  bum  off  the  sulphur.     When  the  sulphur  has  all  been  burned  off,  a 
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quantity  of  snlpliiir  rnngt  be  added,  and  the  roasting  repeated ;  and  this  roasting, 
with  fresh  additions  of  sulphur,  must  be  repeated  two  or  three  times  until  the 
mass  acquires  a  bright  blue  colour.  Other  proportions  of  the  ingredients  may  be 
used,  the  temperature  varying  with  the  composition :  the  heat  should  be  as  high 
as  the  mass  will  bear,  provided  it  is  not  fused.  The  green  modification  of  ultra- 
marine  is  also  manu£Eu;tured  for  the  market;  by  oxidation  the  green  may  be 
converted  into  the  blue  form.  Blue  ultramarines  vary  in  tint,  some  being  pure 
blue,  others  greenish  blue,  and  others  violet  blue,  with  a  roseate  reflex.  The 
violet  ultramarines  are  well  adapted  for  use  in  paper-staining,  as  they  withstand 
the  action  of  the  alum  used  in  sizes,  which  the  two  other  tints  do  not. 

Considerable  doubt  still  exists  as  to  the  true  nature  of  tbe 
colouring  matter  of  ultramarine^  wbieb  has  been  made  tbe 
subject  of  study  by  many  chemists.  According  to  the  expe- 
riments of  Wilkens^ — ^who  has  made  careful  analyses  of  a  variety 
of  samples  of  the  artificial  product^  both  from  his  own  manu- 
factory and  from  other  sources — ultramarine  is  composed  of  two 
portions^  one  of  which  is  constant  in  composition ;  and  which  he 
regards  as  the  essential  colouring  body;  it  is  attacked  with 
facility  by  hydrochloric  acid,  evolving  sulphuretted  hydrogen: 
the  other  portion  is  not  soluble  in  the  acid,  and  contains  a  variable 
amount  of  sand,  clay,  ferric  oxide,  and  sulphuric  acid.  His 
analysis  of  the  pure  blue  pigment  corresponds  nearly  with  the 
formula  [2Alfi^  3Si03 .  AI3O3, 4Si03 .  NagSPj .  sNa^S),  which 
would  contain,  in  100  parts : — 

Bf  calonlation.  B7  txperinkent. 


SiO,  =  37*6  40-25  39-39  40-19 

A1,0,=  27*4  26*62  26-40  *5'85 

S       =  14*2  134a  12-69  13*27 

Na^O=  20'o  ^9*89  ai-52  20-69 

He  states  that  the  presence  of  iron  is  found  not  to  be  essential 
to  the  production  of  the  colour :  but  this  is  still  a  matter  of  doubt. 
According  to  Brunner,  a  corresponding  compound,  in  which  di- 
potassic  sulphide  is  substituted  for  disodic  sulphide,  is  colourless. 

Ultramarine,  if  heated  in  the  air,  gradually  assumes  a  dull 
green  hue ;  when  heated  with  sulphur,  it  is  not  changed ;  if 
melted  with  borax,  sulphur  and  sulphurous  anhydride  escape,  and 
a  colourless  glass  remains.  Sulphuric,  nitric,  and  hydrochloric 
acids  decompose  it,  and  the  colour  is  quickly  destroyed.  Chlorine 
acts  still  more  rapidly,  dissolving  everything  but  the  silica,  and 
completely  discharging  the  colour. 

(674)  Characters  of  the  Compounds  of  Aluminum. — ^The 
ordinary  salts  of  aluminum,  with  the  exception  of  the  chloride, 
are  colourless.  They  have  a  sweetish^  strongly  astringent  taste, 
and  an  acid  reaction  upon  litmus. 
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Before  the  blowpipe  the  compounds  of  alaminuin  aie  dis- 
tinguished by  the  formation  of  a  pale  azure  blue  if  moistened 
with  cobalt  nitrate  and  gently  ignited. 

In  solution  they  give  with  ammonic  hydrogulphide,  a  white 
precipitate  of  hydrated  alumina^  with  evolution  of  sulphuretted 
hydrogen.  Ammonia  produces  a  bulky^  semi-transparent,  gela- 
tinous precipitate  of  hydrated  alumina,  which  is  nearly  insoluble 
in  excess  of  ammonia^  or  of  its  carbonate.  Caustic  potash  dissolyes 
it  readily ;  and  it  is  reprecipitated  on  adding  solution  of  ammo- 
nic chloride  in  excess.  The  carbonates  of  the  alkali-metals  pro- 
duce the  same  precipitate  under  disengagement  of  carbonic 
anhydride^  but^  according  to  Muspratt,  it  retains  a  portion  of 
carbonic  acid.  Potassic  sulphate  and  sulphuric  acid  in  slight 
excess  added  to  solutions  of  the  salts  of  aluminum,  and  evaporated, 
fiimish  well-marked  octohedral  crystals  of  alum. 

Estimation  of  Alumina. — The  quantity  of  alumina  in  the  conise 
of  an  analysis  is  always  estimated  from  the  precipitate  by  am- 
monia, or  its  carbonate  or  hydrosulphate ;  when  thoroughly 
washed  (an  operation  which,  from  its  gelatinous  nature,  is 
tedious),  and  then  ignited,  it  consists  of  the  pure  earth  only. 

(675)  Separation  of  Alumina  from  the  Alkalies  and  AlkaHne 
Earths. — Supposing  a  magnesium  salt  to  be  present  in  the  liquid, 
a  solution  of  ammonic  chloride  is  first  added  to  it,  unless  it 
be  powerfiilly  acid;  on  the  addition  of  caustic  ammonia  in 
slight  excess,  pure  hydrated  alumina  is  precipitated.  Ammonic 
hydrosulphide  is  a  still  better  precipitant,  if  the  liquid  has  been 
first  nearly  neutralized  by  ammonia ;  the  precipitate  is  extremely 
voluminous,  and  requires  persevering  washing.  On  ignition  it 
yields  pure  alumina.  The  alkalies  and  alkaline  earths  remain  in 
the  solution  which  has  been  filtered  from  the  alumina,  and  their 
amount  may  be  determined  by  methods  hereafter  to  be  detailed 
(694  et  seq.), 

§  II.  Glucinum  :  (G''=9*5).  Sp.  Gr.  a*i.  Atomic  Vol.  solid  4"44. 

(676)  Glucinum,  the  heryllium  of  German  writers,  is  extracted  from  the 
emerald,  or  the  beryl,  which  oonsists  chiefly  of  silicate  of  alaminnm  and  glncmmn 
(3GO,A],0,,6SiO,).  The  metal  is  procured  from  its  chloride  in  the  same  way  as 
almninum.     Phenahite  is  a  glucinic  silicate  (2G0,Si0,). 

Glucinum,  according  to  the  experimeitts  of  Debray  (Ann.  de  Ckimie,  IIL 
iliv.  5),  is  a  white,  midleable  metal,  fusible  below  the  melting-point  of  siWer. 
It  does  not  bum  in  air,  oxygen,  or  the  vapour  of  sulphur,  but  it  combines  readily 
with  chlorine  and  iodine,  and  also  with  silicon.  The  vapour  of  water  is  not  de* 
composed  by  it,  even  when  the  metal  is  heated  to  full  redness  and  exposed  to  it. 
Glucinum  is  easily  dissolved  by  diluted  hydrochloric  and  sulphuric  adds ;  nitrio 
acid,  whether  diluted  or  concentrated,  acts  but  feebly  upon  it.    It  iSi  however, 
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readily  dissolved  by  a  solution  of  potash,  with  evolution  of  hydrogen,  but  is  not 
acted  upon  by  ammonia.  Gludnum  forms  but  one  oxide ;  there  is  some  doubt 
whether  this  should  be  regarded  as  a  protoxide,  or  as  a  sesquioxide.  Benelins 
adopted  the  latter  view,  but  later  researches  favour  the  supposition  that  it  is  a 
protoxide. 

(677)  Glucina  (GO  =  25*5 ;  8p.  Or.  2*967)  is  extracted  from  the  beryl,  of 
which  it  constitutes  13*6  per  cent :  the  mineral  is  reduced  to  a  very  fine  powder, 
and  fused  with  potassic  carbonate  ;*  treated  with  hydrochloric  acid,  evaporated 
to  dryness,  again  moistened  with  acid  and  treated  with  water;  in  this  way 
everything  except  the  silica  is  dissolved :  the  filtered  liquid  is  mixed  with  an 
excess  of  a  solution  of  ammonia,  which  occasions  a  voluminous  precipitate  con- 
taining both  alumina  and  glucina;  this  precipitate  is  well  washed,  and  the 
glucina  is  dissolved  out  from  the  alumina  by  digesting  the  mass  in  a  solution  of 
ammonic  carbonate.  It  is  again  filtered,  and  upon  boiling  the  dear  liquid, 
glucinic  carbonate  is  deposited  as  a  white  powder,  which,  when  ignited,  leaves 
pure  glucina.  Freshly  precipitated  glucina  forms  with  water  a  somewhat  tena- 
cious mass,  but  it  does  not  harden  like  alumina  when  ignited.  Ebelmen  obtained 
it  in  crystals,  by  operating  at  a  high  temperature,  as  upon  alumina  (73) ;  it 
formed  minute  six-sided  prismatic  crystals  of  the  same  form  as  those  of  zinoio 
oxide.  The  fixed  alkalies  and  their  carbonates  dissolve  glucina  readily ;  but  the 
dilute  solution  in  caustic  potash  deposits  glucina  when  boiled.  Hydrate  of 
glucina  yields  a  bulky,  white,  gelatinous  mass,  which  absorbs  carbonic  acid  from 
the  air.  When  heated  with  solutions  of  the  salts  of  ammonium  it  di^tlacos 
ammonia,  and  is  gradually  dissolved.  Qlucinie  chloride  (GOl,  =  80*5)  is  pre- 
pared in  the  same  way  as  aluminic  chloride :  it  sublimes  in  white,  brilliant, 
fusible  needles,  which  are  very  deliquescent ;  a  hydrated  chloride  with  4H,0 
may  be  obtained  in  crystals.  Glucinum  yields  several  sulphates ;  one  of  these 
(GS0^4H,0)  crystalluEeB  in  octohedra ;  the  other  sulphates  are  amorphous  sub- 
salts.  It  does  not  form  an  alum  with  potasric  sulphate,  but  yields  a  double  salt, 
in  which  the  proportion  of  sulphion  is  divided  equally  between  the  two  basyls 
(K,G2S0^,2H,0).  A  glucinic  aluminaU  coloured  with  ferric  oxide  occurs  native 
in  the  gem  ehrysoheryl  (GO,Al,0,).  Glucinic  carbonate  forms  double  salts  with 
the  carbonates  of  potassium  and  ammonium. 

(678)  Chabactebs  of  ths  Glucinic  Salts. — The  salts  of  glucinum  have 
a  sweet  taste  (whence  the  name  glucinum  was  derived,  from  yXvcvc,  sweet),  with 
a  slight  astringency,  and  have  an  acid  reaction  upon  litmus.  They  are  colourless, 
and  are  distingui^ed  from  those  of  aluminum  by  not  yielding  an  alum  with 
potassic  sulphate;  nor  a  blue  when  heated  before  the  blowpipe  with  cobalt 
nitrate ;  and  by  giving  with  amnumie  earhonate  a  white  precipitate  of  glucinic 
carbonate  easily  soluble  in  excess  of  the  alkaline  salt  Poteusic  ferrocyanide 
gives  no  precipitate  in  their  solutions :  a  white  precipitate  of  hydrated  glucina  is 
produced  by  dipotcusic  sulphide^  with  extrication  of  sulphuretted  hydrogen.  If 
a  hot  solution  of  poteusic  fluoride  in  excess  be  added  to  a  hot  solution  of  a 
glucinum  salt,  scales  of  a  sparingly  soluble  double  fluoride  of  glucinum  and 
potassium  are  formed. 

Glucinum  is  always  estimated  in  the  form  of  the  anhydrous  earth. 

§  III.  Yttrium^  Erbium. 

(679)  Yttbiuh  (T  =  617)  is  obtained  by  a  method  similar  to  that  employed 
for  aluminum  and  glucinum.    This  metal  is  not  oxidized  when  heated  to  redness 


*  Debray  finds  it  advantageous  to  substitute  for  the  potassic  carbonate  qnick- 
lime,  in  proportion  of  half  the  weight  of  the  beryl  empk^fed. 
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either  in  air  or  in  aqneons  T&ponr ;  in  oxygen  it  boms  with  superb  aeiiitiDiiioM; 
■olutions  of  the  alkalies  and  the  dilute  adds  dissolve  it  slowly. 

Titria  (TO  =  777)  is  a  very  rare  earth,  found  in  gadoUnUe,  a  hubsbI 
which  occurs  at  Ttterby,  in  Sweden,  and  which  is  a  silicate  of  yttriam,  glncbmiii, 
cerium,  and  iron ;  it  occurs  also  in  yitrotanialite  combined  with  tantahun,  and 
in  one  or  two  other  very  rare  minerals.  It  is  considered  to  be  a  protozide^  and 
forms  a  white  earthy  powder  of  sp.  gr.  4'842 ;  it  is  insoluble  in  the 
alkalies,  but  the  carbonates  of  the  alkali-metals  dissolve  it ;  ammonic 
dissolves  it  still  more  freely. 

The  salts  of  yttrium  are  colourless ;  they  have  a  sweetish  astrin- 
gent taste ;  their  solutions  yield  a  white  precipitate  with  potassic 
ferrocyanide^  and  with  the  soluble  oxalates.  The  most  characteristic 
salt  of  yttrium  is  the  sulphate^  the  crystals  of  which  lose  water  at 
176®  (80®  C),  and  become  milk-white,  without  change  of  form; 
on  being  put  into  water  they  do  not  resume  their  transparency. 

(680)  Mosander  supposed  that  three  bases  had  been  con- 
founded under  the  name  of  yttria:  to  the  more  abundant  of 
these  he  gave  the  name  of  yttria ;  the  other  two  he  distinguished 
as  erbia  and  ierbia.  The  oxide  of  erbium  (£0  =  128*6  ?)  is  feebly 
rose-red,  and  its  salts  have  a  similar  colour  and  a  sweetish 
astringent  taste.  The  solutions  of  these  salts  furnish  when  viewed 
by  transmitted  light  a  spectrum  marked  by  highly  characteristic 
absorption  bands.  The  body  supposed  to  be  terbia  has  since  been 
shown  by  Bahr  and  Bunsen  to  be  a  mixture  of  yttria  and 
erbia.  {Liebiff's  Annal.  cxxxvii.  i.)  Erbia,  according  to  the  same 
observers,  when  introduced  into  a  Bunsen  burner,  glows  with  an 
intense  green  light,  which  when  viewed  through  the  spectroscope 
furnishes  a  continuous  spectrum  crossed  by  brilliant  streaks, 
so  that  erbia  is  the  only  solid  substance  known  which  gives  a 
spectrum,  crossed  by  bright  lines,  not  due  to  the  volatilization  of 
the  substance.  The  solutions  of  its  salts  give  absorption  spectra, 
in  which  the  dark  lines  correspond  exactly  with  those  of  the 
spectrum  of  incandescence. 

§  rV.   Cekium,  Lanthanum,  and  Didtmtom. 

(681)  The  three  metals  noV'tobe  mentioned  need  no  lengthened  description, 
as  they  have  hitherto  been  found  only  in  a  few  rare  minerals,  of  which  eerite,  a 
bydrated  basic  eerie  silicate,  is  the  most  common. 

Cerium  (Ce  =  92)  appears  to  form  two  oxides — a  protoxide,  and  a  sesquiozide, 
both  of  which  yield  salts  with  acids.  The  best  known  of  these  are  cerous  oxalate 
and  the  ceroso-potassic  sulphate,  which  latter  salt  is  insoluble  in  a  solution  of 
potassic  sulphate.  Cerous  oxalate  (CeC,0^,3H,0)  has  been  given  in  doaes  of 
from  0*13  to  0*26  grm.,  or  from  2  to  4  grains,  with  good  effect,  in  some  cases 
of  obstinate  vomiting,  and  in  some  forms  of  pyrosis.  The  eerie  seequioxide  has 
a  yellowish  tinge,  and  its  salts  are  yellow  or  red. 

(682)  Lahtbanuh  (so  named  from  Xardavw,  to  lie  hid)  (La  =  92)  was  dis- 
covered  by  Mosander,  in  1841.   It  forma  only  one  oxide,  which  is  buff-oolound. 
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and  freely  soluble  in  diluted  ni^o  aoid.     It  forms  oolourlees,  astringent  salts, 
which  give  a  white  precipitate  with  the  soluble  oxalates. 

DiDTMiUM  (so  named  firom  d/2v/ioc>  twin,  in  reference  to  its  dose  association 
with  lanthanum)  (Di  =  96)  is  scarcely  known  in  the  metallic  form :  it  fumuhes 
but  a  single  oxide,  whidi  is  of  a  dark-brown  colour,  when  anhydrous :  in  the 
hydrated  state  it  b  insoluble  in  solutions  of  potash  and  ammonia :  but  it  absorbs 
carbonic  acid  from  the  air.  It  furnishes  a  sparingly  soluble  white  oxalate,  and 
yields  rose- white  double  sulphates  with  the  sulphates  of  potassium,  sodium,  and 
ammonium.  Its  solutions,  when  viewed  through  a  prism  by  transmitted  light, 
show  a  strong  absorption  line  in  the  yellow,  and  another  in  the  green  (Part  I. 
p.  166).  A  detailed  description  of  this  spectrum  is  given  by  Bahr  and  Bunsen 
(Liebig*»  Ann,  cxxxvii.  19).  Didymium  salts  are  pink  or  violet-coloured,  and 
are  not  precipitated  at  ordinary  temperatures  by  ammonic  hydrosulphide. 
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These  metals  are  all  volatile^  and  bum  in  air  with  a  powerful 
flame  when  strongly  heated.  They  furnish  but  one  basic  oxide, 
and  yield  very  soluble  chlorides  and  sulphates;  magnesic  sul- 
phidq  is  to  some  extent  soluble ;  zincic  and  cadmic  sulphides  are 
insoluble.  These  metals  have  a  strong  tendency  to  form  basic 
carbonates ;  their  corresponding  salts  are  isomorphous. 

§  I.  Magnesium:  (Mg''=a4'3).     ^P'  ^-  ^743- 

(683)  Magnesium  is  usually  classed  with  those  metalsthe  oxides 
of  which  furnish  the  alkaline  earths^  but  it  is  much  more  analogous 
to  zinc  in  its  properties  than  to  any  other  element.  Magnesium 
is  an  abimdant  ingredient  of  the  crust  of  the  earth.  It  is  found 
in  combination  in  large  quantities  as  a  magnesio-caldc  carbonate, 
forming  magnesian  limestone,  or  dolomite.  It  is  contained 
abimdantly  in  sea-water  as  chloride,  and  in  many  springs  as 
sulphate.  It  likewise  enters  more  or  less  extensively  into  the 
formation  of  many  rocks,  and  of  a  great  variety  of  minerals. 
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Freparaium,  i . — ^Biimj  obtoined  nuigiietiom  in  the  meidliD  tank  hf  heiUig 
its  anhydrooB  chloride  with  potassinm  in  a  porcelain  or  pbtinnm  emctbla.  WhM 
cold,  the  contents  of  the  veesel  were  digested  in  cold  water,  bj  whieh  tte  potacifl 
chloride  and  ondecompoeed  magnesic  chloride  were  dissolved  out.  Tba  mstil 
wns  led  as  a  grey  powder,  which  conld  be  melted  into  globoka. 

2. — Deville  and  Caron  (Compies  Rendus,  xliy.  394)  obtain  the 
metal  as  follows : — 600  grms.  (or  i^  lb.)  of  pnre  magnesie 
chloride  are  mixed  with  100  grms.  of  fused  sodic  chloride^  and  100 
of  pure  calcic  fluoride^  both  in  fine  powder.  100  grms.  of  sodium 
in  small  fragments  are  carefully  mingled  with  the  iK>wder — the 
whole  is  thrown  into  a  clay  crucible  at  a  full  red  heatj  and 
it  is  then  instantly  covered.  When  the  mixture  has  become 
tranquil^  the  cover  is  removed,  and  the  fused  mass  is  stirred  with 
an  iron  rod,  in  order  to  render  it  homogeneous  throughout,  and 
to  obtain  a  clean  surface  upon  the  liquid.  Globules  of  magnesium 
are  then  distinctly  visible.  The  crucible  is  allowed  to  cool  par- 
tially, and  the  metallic  globules  are  united  by  means  of  the  iron 
rod;  the  melted  mass  is  then  poured  upon  a  shovel,  and  the 
magnesium,  amounting  to  about  45  grms.  (1}  ounces),  is  separated 
from  the  slag.  The  magnesium  may  be  placed  in  a  porcelain 
tray  and  collected  into  one  mass  by  melting  it  in  a  current  of 
hydrogen ;  after  which  it  may  be  purified  by  remelting  in  a  bath  of 
mixed  magnesic  chloride,  sodic  chloride,  and  calcic  fluoride.  It  etiD, 
however,  usually  retains  portions  of  carbon,  silicon,  and  nitrogen, 
from  which  it  may  be  purified  by  careful  distillation  in  a  cnmnt 
of  hydrogen.  Sonstadt  prefers  to  decompose  the  magneaio-aodic 
chloride  by  means  of  sodium  ;  and  he  then  distils  the  metal  inaa 
iron  crucible  arranged  as  in  the  ordinary  mode  of  distilling  zinc; 
fig.  353.  He  prepares  it  by  this  method  for  commercial, pur- 
poses on  a  considerable  scale. 

3. — Bunsen  (Liebig**  Annal,  IzxziL  137)  proenree  magnesiom  by  the  elea* 
trolytic  decompo8ition  of  magnesic  chloride ;  thie  salt  he  melts  in  a  deep  covered 
porcelain  cmcible  divided  by  a  vertical  diaphragm  of  porcelain,  which  extendi 
half-way  down  the  crucible ;  the  electrodes  are  made  of  carbon,  and  are  intro- 
duced through  two  openings  in  the  lid,  the  negative  electrode  being  notdied  to 
receive  the  reduced  magnesium  which  lodges  in  the  cavities:  the  cmeibla  is 
brought  to  a  red  heat,  and  is  filled  with  the  melted  chloride,  which  then  is 
readily  decomposed  by  to  cells  of  the  zinc  carbon  battery  (266).  The  prindpal 
difficulty  in  this  operation  arises  from  the  small  density  of  the  reduced  netol, 
which  rises  to  the  surface  of  the  fused  salt,  and  is  liable  to  reozidation. 

Properties. — Magnesium  is  a  malleable,  ductile  metal  of  the 
colour  of  silver ;  it  takes  a  high  polish,  and  preserves  it  nearly  aa 
well  as  zinc  at  ordinary  temperatures  in  dry  air ;  but  in  a  moist 
atmosphere  it  becomes  slowly  oxidized.  Its  fracture  appears 
sometimes  to  be  crystalline,  at  other  times  fibrous.  It  has  about 
the  same  degree  of  hardness  as  calc*spar.     At  a  moderate  red 
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heat  it  may  be  melted.  It  may  be  converted  into  wire  by  heat- 
ing the  metal  in  the  cylinder  of  a  press  until  it  softens^  and  then 
forcing  it  through  holes  in  a  die  which  forms  the  bottom  of  the 
press ;  the  wire  may  be  converted  into  a  flattened  ribbon  by 
passing  it  between  heated  rollers.  When  ignited  in  dry  air  or  in 
oxygen  gas^  magnesium  takes  fire  and  becomes  oxidized;  in  the 
form  of  wire  it  bums  easily,  emitting  a  light  of  dazzling  bril- 
liancy, which  has  lately  been  employed  as  an  artificial  light  for 
photographic  purposes;  the  magnesia  which  is  produced  exhibits 
no  sign  of  fusion.  Deville  and  Caron  have  shown  that  magne- 
sium is  nearly  as  volatile  as  zinc,  and  that  it  may  be  distilled  by 
heating  it  strongly  in  a  current  of  hydrogen.  A  portion*  of  the 
metal  is  carried  away  in  suspension  by  the  gas,  and  if  the  latter 
be  kindled  as  it  issues  &om  the  apparatus,  it  bums  with  a  beau- 
tiful and  highly  luminous  flame.  Magnesium  is  but  slowly  acted 
upon  by  cold  water,  but  it  is  rapidly  dissolved  if  the  water  be 
slightly  acidulated.  It  is  also  &eely  soluble  in  a  solution  of  sal 
ammoniac.  When  thrown  into  strong  hydrochloric  acid  it  bursts 
into  flame ;  yet  a  mixture  of  concentrated  sulphuric  and  fuming 
nitric  acid  has  no  action  upon  it  unless  it  be  heated.  Wlicn 
heated  in  chlorine  and  in  the  vapour  of  bromine,  of  iodine,  or  of 
sulphur,  it  bums  brilliantly.  Magnesium  unites  directly  with 
nitrogen,  forming  a  transparent  crystallized  nitride  (MggN^),  which 
is  decomposed  rapidly  by  water  into  magnesia  and  ammonia 
(Deville).  Geuther  and  Briegleb  obtained  a  greenish  yellow 
amorphous  nitride  of  similar  composition,  by  heating  the  metal  in 
pure  and  dry  nitrogen :  it  is  immediately  decomposed  by  water. 

Magnesium  reduces  not  only  the  more  easily  reducible  metals 
from  acidulated  solutions  of  their  salts,  but  also  precipitates  iron, 
zinc,  nickel,  and  cobalt  in  the  metallic  form  with  evolution  of 
hydrogen.  Salts  of  arsenic  and  antimony  are  converted  into 
arseniuretted  and  antimoniuretted  hydrogen;  but  the  salts  of 
manganese  and  aluminum  are  not  reduced  by  it. 

(684)  Magnesia  (MgO=40'3) ;  Sp.  Gr.  3-6;  Camp,  in  100 
parts,  Mg,  60*28 ;  O,  39*72. — The  only  known  oxide  of  magnesium 
is  a  bulky,  white,  tasteless,  infusible,  and  nearly  insoluble  powder, 
which  when  placed  upon  moistened  turmeric-paper  turns  it  dis- 
tinctly brown.  It  is  usually  procured  by  strongly  igniting  the 
artificial  carbonate  in  a  crucible,  but  it  may  also  be  obtained  by 
ignition  of  the  magnesic  nitrate ;  in  this  case  it  assumes  a  much 
denser  form.  Magnesia,  when  mixed  with  water,  gradually  com- 
bines with  it,  and  forms  a  hydrate  (H^MgO^),  which  absorbs  car- 
bonic acid  slowly  from  the  air :  no  sensible  elevation  of  tempc- 

II.  L   L 
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ratnre  occurs  during  the  process  of  hydration.     A  natiye  hjdnte 
of  similar  composition  occurs  in  crystalline  scales. 

(68  5)  Magnesic  Sulphide  or  Sulphide  ofmagnetium  (MgS  =  56*3)  is  but 
Bparingly  soluble  in  water.  It  may  be  obtained  as  a  hydrate  by  precipitating  a 
boiling  solution  of  magnesic  sulphate  with  dipotassic  sulphide,  when  it  foils  as  a 
white  mucilaginous  mass. 

(686)  Magnesic  Chlortde^  or  Chloride  ofmagnerium  (MgClj= 
95*3;  Sp,  Gr,  2*177;  cryst.  with  6H2O,  1*562)  is  contained  abun- 
dantly in  sea  water.     It  may  be  obtained  in  the  anhydrous  con- 
dition by  dissolving  i  part  of  magnesia  in  hydrochloric  acid>  and 
adding  3  parts  of  sal  ammoniac  in  solution^  after  which  the  mix- 
ture is  evaporated  to  dryness ;  by  this  means  a  double  chloride  of 
magnesium  and  ammonium  is  formed  (H^NCl^MgClj),  which  ma? 
be  evaporated  without  loss  of  acid,  whilst  the  solution  of  mere 
magnesic  chloride  is   partially   decomposed  during   evaporation: 
when  the  double  salt  is  ignited  in  a  covered  crucible,  the  sal  am- 
moniac is  expelled,  and  pure  magnesic  chloride  remains,  which 
at  a  red  heat  fuses  to  a  transparent  liquid,  and  forms  a  silky- 
looking  mass  of  confused  crystals  on  cooling.     Magnesic  chloride 
is  deliquescent,  and  gives  out  heat  whilst  undergoing  solution  in 
water;  by  evaporation  at  a  low  temperature  it  may  be  obtained 
in   crystalKne   needles  with  6H3O.      It  is  soluble  in  alcohol:  it 
forms  double  chlorides  with  the  chlorides  of  the  metals  of  the 
alkalies.     If  heated  strongly  in  a  current  of  dry  ammoniacal  gas, 
magnesic    chloride    is    volatilized,    and    a    white    sublimate  of 
(MgCl2,4H3N)  is  obtained  (Clark). 

Dimafffiesic  oxydichloride  (MgO,MgClj). — Attention  has  re- 
cently been  called  to  this  substance  by  M.  Sorel,  who  finds  that 
when  mixed  with  water  it  possesses  the  remarkable  property  of 
'  setting,^  like  plaster  of  Paris  (652),  so  that  it  can  be  applied  to 
similar  purposes ;  but  furnishes  a  material  much  harder  and  more 
durable  than  ordinary  plaster,  and  susceptible  of  a  high  polish.  It 
may  be  mixed  with  15  or  20  times  its  weight  of  other  dry  pow- 
ders without  losing  its  power  of  setting  when  mixed  with  s 
proper  proportion  of  water. 

(687)  Magnesic  Sulphate,  or  Sulphate  of  magnem 
(MgSOp7Hj,0=i20*3  +  i26) ;  Sp.  Gr.  anhydrous,  2*706,  cryit. 
I '660:  Comp.  in  100  parts,  dry,  MgO,  33*50;  SO,,  66*50;  cryst. 
MgO,  16*36;  SO3,  '32*47  ;  HgO,  51*27. — This  is  the  most  impor- 
tant salt  of  magnesium.  It  is  made  in  very  large  quantities  firom 
sea  water,  either  by  precipitating  the  magnesia  by  means  of  lime, 
and  then  dissolving  it  in  sulphuric  acid ;  or  by  first  crystallisiiig 
out  the  greater  part  of  the  common  salt,  after  which,  on  evapo- 
ration, crystals  of  magnesic  sulphate  are  obtained.     Native  mag- 
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nesic  carbonate  is  likewise  sometimes  acted  upon  with  diluted  sul- 
phuric acid^  and  the  salt  obtained  by  evaporation.  The  sulphate 
is  also  procured  in  considerable  quantities  from  magnesian  lime- 
stone :  the  rock  is  burned,  slaked,  and  largely  washed  with  water 
to  remove  part  of  the  lime;  it  is  then  treated  with  sulphuric 
acid,  and  the  magnesic  sulphate  is  separated  from  the  sparingly 
soluble  calcic  sulphate  by  solution  and  recrystallization.  It  is 
also  obtained  in  considerable  quantity  from  the  mother-liquors  of 
the  alum  works.  Magnesic  sulphate  is  a  common  ingredient  in 
mineral  waters.  Its  trivial  name  of  Epsom  salts  is  derived  from 
the  circumstance  Qf  its  being  abimdantly  contained  in  many 
springs  in  the  neighbourhood  of  Epsom,  from  the  waters  of  which 
it  was  at  one  time  obtained.  Magnesic  sulphate  is  soluble  in  3 
times  its  weight  of  water  at  59®  (15®  C),  and  i  J  at  1 00°  C.  Its  solu- 
tion has  a  bitter,  disgusting  taste.  It  crystallizes  readily  in  right 
rhombic  prisms,  which  are  slightly  efflorescent :  when  heated 
moderately,  they  lose  their  water  of  crystallization ;  if  the  heat 
be  intense  and  long  continued,  a  part  of  the  acid  also  escapes.  If 
crystallized  from  a  hot  solution,  oblique  rhombic  prisms  with 
6H2O  are  deposited,  and  the  ordinary  crystals,  when  heated  to 
I25°'6  (52°  C),  become  opaque  and  lose  iHgO.  Crystallized  mag- 
nesic sulphate  loses  6  of  its  7  atoms  of  water  at  a  temperature 
below  302°  (150®  C),  but  it  retains  i  atom  even  at  392®  (200°  C.) 
This  last  atom  may  be  displaced  by  an  equivalent  of  an  anhydrous 
salt,  such  as  potassic  sulphate,  with  which  it  forms  a  double  salt, 
possessed  of  the  same  crystalline  form  as  magnesic  sulphate 
(MgSOpKgSO^ .  6H2O)  of  sp.  gr.  2*076.  Ammonic  sulphate 
forms  with  magnesic  sulphate  a  similar  double  salt. 

(688)  Magnesic  Nitrate,  or  Nitrate  of  magnesium  (Mg2N0,.6H,0  = 
148  +  J08 ;  Sp,  Gh,  1*464),  is  deliquesoeut,  and  soluble  in  alcohol;  it  crystal- 
lizes with  difficulty. 

(689)  Magnesic  Carbonate  (MgC03  =  84*3;  Sp.  Gr.  3*056) 
occurs  native  as  a  white,  hard,  amorphous  mineral,  called  mag^ 
nesite.  It  is  procured  artificially  by  precipitating  a  boiling 
solution  of  a  magnesium  salt  with  potassic  carbonate,  and  dis- 
solving the  precipitate  in  carbonic  acid  water ;  as  the  gas  escapes, 
the  salt  is  deposited  as  a  trihydrate,  in  transparent  hexagonal 
prisms  (MgC03,3H20) :  by  exposure  to  air  the  crystals  effloresce 
and  are  converted  into  a  protohydrate  (MgC03,H20).  The  anhy- 
drous carbonate  may  be  obtained  by  introducing  a  test-tube 
containing  a  solution  of  magnesic  sulphate  into  a  strong  glass 
tube  containing  a  solution  of  sodic  carbonate,  sealing,  .tl^^  tube. 
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and  then  allowing  the  two  solutions  to  mix.    Crystals  of  magncnc 
carbonate  are  deposited  slowly. 

Magnena  alba,  the  common  white  magnesia  of  the  shopi, 
is  made  by  precipitating  a  boiling  solution  of  magnesic  sul- 
phate by  a  hot  solution  of  sodic  carbonate.  The  magnesic  sul- 
phate is  allowed  *to  remain  slightly  in  excess^  otherwise  the 
precipitate  contains  a  little  sodic  carbonate.  It  is  deposited  as  s 
whitC;  lights  bulky  powder^  composed  of  hydrated  magnesia 
(MgH^Oj)  combined  with  a  quantity  of  hydrated  carbonate 
(MgCOjjHgO),  the  amount  of  which  may  vary  from  2  to  4  atoms 
to  I  atom  of  the  hydrated  magnesia ;  it  is  very  sparingly  soluble 
in  water.  A  quantity  of  carbonic  acid  is  expelled  from  the 
mixture  during  the  preparation  of  this  compound. 

Dolomite,  when  its  structure  is  crystalline^  usually  consists  of 
magnesic  and  calcic  carbonate  in  the  proportion  of  i  atom  of 
each  (MgCa2C03)^  though  sometimes  the  proportion  of  calcic 
carbonate  conwiderably  exceeds  i  atom.  A  solution  of  calcic 
sulphate  decomposes  magnesic  carbonate  at  ordinary  tempen^ 
tures^  and  thus  spring  water  originally  charged  with  calcic  sul- 
phate may,  by  filtration  through  a  bed  of  dolomite,  become 
impregnated  with  magnesic  sidphate. 

A  very  pure  magnesic  carbonate  is  manufactured  from  dolo- 
mite by  a  process  introduced  by  Pattinson.  In  this  operadon 
the  mineral  is  finely  ground  and  sifted^  and  exposed  to  a  low  red 
heat  for  2  or  3  houi*s,  by  which  the  magnesic  carbonate  is  de- 
composed. It  is  then  introduced  into  a  strong  iron  cylinder 
lined  with  lead,  where  it  is  mixed  with  water,  and  carbonic  anhy- 
dride is  forced  in  imder  a  pressure  of  2  or  3  atmospheres,  till  it 
ceases  to  be  absorbed ;  the  magnesic  carbonate  becomes  dissolved 
as  the  so-called  bicarbonate,  leaving  the  calcic  carbonate :  the  clear 
liquid,  when  boiled,  evolves  CO^  and  deposits  the  magnesic  carbo- 
nate, which  is  drained,  and  dried  in  a  stove  at  a  low  temperature. 

By  mixing  a  solution  of  magnesic  nitrate  with  an  excess  of  a 
saturated  solution  of  hydropotassic  carbonate,  and  allowing  the  so- 
lution to  stand  for  some  days,  a  remarkable  double  salt  is  deposited 
in  regular  crystals,  composed  of  (MgC03,KHC05,4HjO),  but 
which  is  decomposed  by  redissolvirig  it  in  water.  The  correspcwd- 
ing  sodiimi  salt  is  more  stable. 

A  native  magnesic  borate  [3MgO,4B203],  named  boracUe,  is 
found  crystallized  in  cubes ;  it  is  rendered  electric  by  heat. 

(690)  Magnesic  Silicates. — Silica  and  magnesia  may  bs 
artificially  combined  in  many  proportions.  A  large  nimiber  of 
minerals  are  formed^  either  wholly  or  partially,  of  magnesic  sili- 
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cates.  Olivine  or  chrysolite  [a(MgPe)0,Si03]  is  a  crystallized 
orthosilicate^  usually  of  a  green  colour^  obtained  from  basaltic 
and  volcanic  rocks ;  it  frequently  accompanies  masses  of  meteoric 
iron.  Talc  is  a  very  soft  slaty  mineral,  which  has  a  formula 
[4MgO,5SiOJ.  Steatite,  French  ChcUk,  or  Soapstone,  is 
(3MgO^Si02).  Picrosmine  is  a  hydrated  metasilicate^  [2(MgO, 
SiOo),H30].  Meerschaum  is  another  hydrated  silicate,  of  which 
the  formula  is  (2MgO,3Si02,4H30).  Serpentine  (2  [(MgFe)0,SiOJ 
MgO^^HjO)  is  another  hydrated  magnesic  silicate,  in  which  a 
portion  of  the  magnesia  is  often  displaced  by  ferrous  oxide.  Ser- 
pentine frequently  occurs  in  compact  masses,  which  take  a  high 
polish,  and  from  the  beauty  of  its  variegated  colours,  it  is  often 
employed  for  ornamental  purposes.  It  is  readily  attacked  by 
acids,  and  occurs  in  sufficient  abundance  to  be  employed  as  a 
source  of  the  salts  of  magnesium. 

The  double  magnesic  silicates  are  still  more  numerous.  Augite 
or  pyroxene  is  one  of  these :  it  is  a  crystalline  mineral,  often  found 
in  basalt  and  lava,  and  is  a  silicate  of  calcium  and  magnesium, 
portions  of  which  metals  are  often  displaced  by  iron  and  man- 
ganese [(CaMgPeMn)0,Si02].  Hornblende,  or  amphibole  is  a 
silicate  and  aluminate  of  magnesium,  calcium,  and  iron,  with  a 
variable  proportion  of  the  fluorides  of  calcium  and  potassium 
[5(MgCaFeMn)0,6Si02  .^(KCa)P2].  It  occurs  sometimes  in 
dark  green  or  black  crystals,  at  other  times  massive,  disseminated 
through  many  rocks,  such  as  syenite  and  porphyry,  and  frequently 
in  basalt  and  lava.  Asbestos  and  amianthus  commonly  consist  of 
a  fibrous  variety  of  amphibole. 

(691)  Phosphates  op  Maonesium. — Hydro-magnesic  phos* 
phate  (H,Mg'',PO^ .  7H2O),  is  an  efflorescent,  sparingly  soluble 
salt,  which  crystallizes  in  fine  tufts  of  six-sided  acicular  prismSj 
when  a  solution  of  a  magnesian  salt  is  mixed  with  the  solution 
of  the  common  hydrodisodic  phosphate. 

Ammonio-magnesic  phosphate  {JA^'}1^,V0^ .  611  fi=^  I37*3  + 
108),  or  triple  phosphate,  as  it  was  formerly  called,  is  a  more  im- 
portant compound  than  the  foregoing  one.  It  is  prepared  by 
mixing  hydrodisodic  phosphate,  mingled  with  ammonic  chloride, 
with  a  magnesium  salt ;  by  agitation  this  compound  is  deposited 
in  minute  crystalline  grains :  it  furnishes  a  very  delicate  test  of  the 
presence  of  magnesium :  it  is  insoluble  in  water  containing  free 
ammonia,  but  it  is  taken  up  in  appreciable  quantities  by  pure  water, 
and  still  more  by  solution  of  muriate  of  ammonia.  It  is  frequently 
met  with  as  a  constituent  of  urinary  calculi,  both  in  man  and  in  the 
lower  animals.    Ammonio-magnesic  phosphate  is  readily  soluble  in 
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acids;  ammonia  precipitates  it  from  such  solutions  nnclianged; 
when  ignited;  it  parts  with  its  water  and  ammonia^  and  glows  like 
alnmina  and  zirconia  as  it  suddenly  contracts  in  bulk.  Tbe 
ignited  residue  contains  36*21  per  cent,  of  MgO,  and  63*79  of 
PjjOg.  It  is  frequently  employed  for  the  determination  of  the 
amount  of  magnesia  in  the  course  of  analysis. 

(692)  Characters  of  the  Magnesium  Salts. — ^The  salts  of 
magnesium  are  colourless  and  have  a  bitter  taste.  Many  of  the 
magnesic  minerals  possess  a  silky  lustre^  and  feel  unctuous  to  the 
touch.  Compounds  of  magnesium  may  be  recognized  before  the 
blowpipe,  by  the  pink  tinge  which  they  acquire  when  heated  with 
cobalt  nitrate. 

In  solution  they  give  no  precipitate  with  the  acid-carbonaia 
of  the  alkalUmelah  till  boiled ;  but  a  white  magnesic  carbonate 
when  mixed  with  potdssic  or  sodic  carbonate,  unless  an  ammonium 
salt  be  present,  which  interferes  with  the  precipitation.  An^ 
monic  triphosphate  gives  with  them  a  white  crystalline  granular 
precipitate  of  ammonio- magnesic  phosphate,  which  is  easily 
soluble  in  acids.  Ammonic  oxalate  mixed  with  sal  ammoniaCi 
gives  no  precipitate  with  the  magnesian  salts,  neither  do  the 
soluble  mlphates.  The  fixed  alkalies  throw  down  a  white  gela- 
tinous hydrate  of  the  earth,  which  is  insoluble  in  excess  of  the 
precipitant.  Lime-water  produces  a  similar  precipitate.  Ammatua 
produces  but  a  very  incomplete  precipitation  of  magnesia  from 
its  solutions  ;  the  gelatinous  precipitate  which  it  occasions  becomes 
redissolved  on  the  addition  of  a  solution  of  ammonic  chloride, 
and  a  double  salt  of  magnesium  and  ammonium  is  formed. 

(693)  Characters  of  the  Metals  of  the  First  Group 
(Metals  of  the  Alkalies). — The  salts  of  these  metals  when  in  solu- 
tion are  distinguished  by  the  following  characters : — i.  By  the 
absence  of  any  precipitate  on  the  addition  of  a  solution  of 
potassic  or  sodic  carbonate :  in  the  case  of  lithium,  if  the  salt 
exceed  two  per  cent,  of  the  solution,  a  precipitate  of  lithic  car- 
bonate is  liable  to  occur.  2.  By  the  absence  of  any  precipitate 
when  sulphuretted  hydrogen  or  ammonic  hydrosulphide  is  added 
to  the  solution.  3.  By  the  occurrence  of  a  precipitate  with 
platinic  chloride  in  the  case  of  ammonium  or  of  potassium  salts  ;* 
and  by  the  formation  of  prismatic  crystals  of  the  platinic  sodio- 
chloride  when  evaporated  in  the  presence  of  sodium  salts. 


*  Rabidium  and  cseeium  would  also  be  found  in  this  precipitate  (607,  608), 
if  either  of  these  metals  be  present. 
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(694)  Estimation  of  Potassium  and  Sodium, — If  the  relative 
proportions  of  the  potassium  and  sodium  be  not  required^  their 
combined  weight  is  usually  ascertained  in  the  form  of  sulphates. 
They  may  in  most  cases  be  readily  obtained  in  this  condition  by 
treating  the  solution  with  sulphuric  acid^  evaporating  to  dryness, 
and  fusing  the  mass  in  a  platinum  crucible  in.  which  a  fragment 
of  ammonic  sesquicarbonate  is  suspended.  The  excess  of  sid- 
phuric  acid  is  thus  readily  dissipated,  and  the  amount  of  the  acid 
combined  with  the  potassium  and  sodium,  is  determined  by  pre- 
cipitation with  baric  chloride.  When  ammonium  salts  are  pre- 
sent with  those  of  potassium  and  sodium,  the  amount  of  ammonia 
may  be  determined  by  distilling  it  off  in  the  maimer  already  de- 
scribed (626). 

In  order  to  determine  the  quantity  of  potassium  and  sodium 
in  a  mixture  of  the  salts  of  the  two  metals,  they  should  be  con- 
verted into  the  state  of  chlorides,  and  heated  to  low  redness  to 
expel  moisture  and  all  ammoniacal  salts,  allowed  to  cool,  and 
weighed;  a  certain  proportion  of  these  mixed  chlorides  (07  or 
0*8  grm.  will  sufiSce)  is  then  mixed  with  an  excess  of  the  platinic 
sodio-chloride,  evaporated  to  dryness  over  a  steam  bath,  and  the 
excess  of  the  platinic  sodio-chloride  removed  by  washing  with 
alcohol  of  specific  gravity  0*860.  The  crystalline  residue  is  collected 
on  a  filter  and  weighed.  One  hundred  parts  contain  30*53  of 
potassic  chloride,  and  correspond  to  16*02  of  potassium,  or  to 
19*29  of  anhydrous  potash.  The  quantity  of  sodic  chloride  is 
obtained  by  deducting  the  weight  of  the  potassic  chloride  from 
that  of  the  mixed  chlorides  employed. 

(695)  The  conversion  of  the  alkali-$netals  into  the  condition  of 
chlorides,  previous  to  precipitation  by  the  platinic  chloride,  if 
they  are  not  already  in  that  form,  is  rather  troublesome.  TSiey 
may  be  first  changed  into  sulphates  by  evaporating  the  solution 
with  a  slight  excess  of  sulphuric  add,  and  igniting  the  residue ; 
the  sulphates  thus  obtained  are  to  be  dissolved  in  water  and  mixed 
with  a  solution  of  baric  chloride  in  slight  excess.  The  sulphuric 
acid  is  thus  precipitated  as  baric  sulphate,  and  the  alkalies  are 
converted  into  chlorides;  but  the  excess  of  barium  in  the  liquid 
must  still  be  got  rid  of.  A  mixture  of  caustic  ammonia  and  am- 
monic sesquicarbonate  is  therefore  added  to  the  solution  after 
it  has  been  filtered  from  the  baric  sulphate.  The  excess  of  barium 
is  thus  thrown  down  as  carbonate,  and  the  baric  carbonate  may 
then  be  removed  by  filtration.  Once  more  the  solution  is  to 
he  evaporated  to  dryness  in  a  platinum  dish,  and  the  residue 
gently  ignited  to  expel   the  ammoniacal  salts.     The  remaining 
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mass  now  contains  nothing  but   the  mixed  sodic   and  potassic 
chlorides. 

(696)  Characters  of  the  Metals  of  the  Second  Group 
(Metals  of  the  Alkaline  Earths,  including  Magnesium) : — i.  Tbt 
salts  of  these  metals  when  in  solution  give  a  white  precipitate  on 
the  addition  of  solution  of  sodic  or  potassic  carbonate. — a.  They 
yield  no  precipitate  with  ammonic  hydrosulphide  nor  with  sul- 
phuretted hydrogen. — 3.  Lime-water  occasions  no  precipitate, 
except  in  cases  in  which  magnesium  salts  are  present^  or  in 
which  the  solution  contains  free  carbonic  acid. 

(697)  Separation  of  the  Alkaline  Earths  from  the  AlkaSes.— 
Supposing  a  solution  to  contain  salts  of  the  alkalies  and  of  the 
alkaline  earths,  the  quantities  of  each  base  may  be  determined  in 
the  following  manner : — An  excess  of  a  mixture  of  ammonia  and 
ammonic  sesquicarbonate  is  added  to  the  solution;  the  ammo- 
nium thus  combines  with  the  radicle  of  the  acid  previously  in 
union  with  the  earths,  whilst  the  carbonic  acid  converts  the  earths 
into  carbonates ;  the  liquid  is  filtered  from  the  precipitate,  thcR 
evaporated  to  dryness,  and  heated  to  expel  the  ammoniacal  salts. 
The  dry  residue  is  afterwards  washed  with  water,  which  dissolves 
out  the  salts  of  the  alkali-metals :  and  from  this  liquid  the  propor- 
tions of  potassiimi  and  sodium  can  be  ascertained  in  the  manner 
already  described  (694).  A  little  magnesia  is  apt  to  accompany 
the  salts  of  the  alkali-metals :  its  presence  may  be  detected  and 
its  quantity  determined  by  the  addition  of  lime-water  to  the 
solution ;  hydrated  magnesia  is  precipitated,  and  may  be  collected, 
weighed,  and  added  to  the  amount  obtained  from  the  portion 
which  was  precipitated  as  carbonate.  The  precipitation  must  be 
effected  in  a  stoppered  bottle,  to  exclude  the  carbonic  acid  of  the 
atmosphere,  which  would  precipitate  a  portion  of  lime  with  the 
magnesia.  The  excess  of  lime  may  be  got  rid  of  by  the  addition 
of  oxalic  acid,  which  occasions  a  precipitate  of  calcic  oxalate 
that  can  be  separated  on  a  filter,  but  need  not  be  weighed. 
The  earthy  carbonates  must  now  be  dealt  with  in  the  following 
manner : — 

(698)  Separation  of  Barium,  Strontium,  Calcium,  and  Mag- 
nesium from  each  other. — ^The  alkalies  having  been  separated  in 
the  manner  just  described,  the  carbonates  of  the  metals  which  in 
the  preceding  operation  were  not  dissolved  by  water  are  taken  up 
with  diluted  nitric  acid,  and  the  liquid  is  largely  diluted.  Sul- 
phuric acid  is  then  added  so  long  as  it  occasions  a  precipitate. 

If  the  liquid  originally  contained  no  alkaline  salts,  it  will  not 
be  necessary  to  convert  the  earths  into  carbonates,  but  the  solu- 
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tion  may  be  simply  diluted,  acidulated  with  nitric  acid^  and  mixed 
with  sulphuric  acid,  as  before. 

This  precipitate  may  consist  of  baric  and  strontic  sulphates. 
It  must  be  collected,  washed  with  boiling  water  and  weighed, 
then  fused  with  thrice  its  weight  of  sodic  carbonate,  by  which  it 
will  be  decomposed;  double  decomposition  occurs,  baric  and 
strontic  carbonates  and  sodic  sulphate  being  formed.  The  baric 
and  strontic  carbonates,  being  insoluble,  are  separated  from  the 
soluble  sodic  sulphate  by  washing,  and  the  carbonates  of  the  two 
earths  are  converted  into  chlorides  by  the  action  of  diluted  hydro- 
chloric acid.  The  baric  and  strontic  chlorides  are  evaporated  to 
dryness,  weighed,  and  may  then  be  separated  with  tolerable  ex- 
actness by  the  action  of  alcohol,  which  dissolves  the  strontic 
chloride,  but  leaves  the  barium  salt  unacted  upon.  Hydrofluo- 
silicic  acid  may  also  be  employed  to  separate  the  two  earths ;  in 
the  course  of  two  or  three  hours  the  whole  of  the  barium  is  pre- 
cipitated by  it,  whilst  the  strontium  remains  in  solution. 

The  acid  liquid  from  which  the  bariimi  and  strontiimi  have 
been  separated  is  rendered  slightly  alkaline  by  ammonia,  and  the 
calcium  precipitated  as  oxalate,  by  means  of  ammonio  oxalate : 
this  precipitate,  after  being  well  washed,  is  heated  to  didl  redness, 
and  is  estimated  as  calcic  carbonate.  If  the  proportion  of 
magnesium  be  large,  a  little  of  the  calcium  salt  is  retained  in 
solution. 

The  filtrate,  which  may  still  contain  magnesium,  is  mixed 
with  hydrodisodic  phosphate,  briskly  stirred,  and  allowed  to  stand 
for  twelve  hours,  to  give  time  for  the  granular  crystalline 
ammonio-magnesic  phosphate  to  subside :  it  is  collected  on  a 
filter,  washed  with  water  which  contains  fi^e  ammonia,  and  esti- 
mated, after  ignition,  as  magnesic  pyrophosphate. 

It  will  generally  be  found  more  convenient  in  separating 
the  metals  of  the  alkaline  earths  from  those  of  the  alkalies,  in 
the  first  place  to  precipitate  the  bariimi  and  strontium  by  sul- 
phuric acid  from  the  dilute  acidulated  solution ;  then  to  neutra- 
lize by  ammonia,  and  separate  the  calciimi  by  the  addition  of 
ammonic  oxalate;  to  evaporate  the  solution  containing  the  salts 
of  magnesium  and  of  the  metals  of  the  alkalies  to  dryness,  heat- 
ing, to  expel  salts  of  ammonium ;  then  to  redissolve  the  residue 
in  water,  and  separate  the  whole  of  the  magnesia  at  once  by  the 
addition  of  lime-water  in  a  stoppered  bottle,  in  the  manner 
already  described. 

(699)  Collection  of  precipitates. — Certain  precautions  in  manipulation  are 
required  in  transferring  a  solution  to  a  filter,  in  order  to  avoid  loss.    In  pouring 
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a  liquid  from  one  Teuel  to  aoother,  a  glim  rod  should  be  moisteaed  with  dii- 
tilled  naUr  and  brought  agaiuxt  the  eigf  of  the  vesael  from  which  the  Uqnid  it 
to  be  poured,  a«  Khowa  ia  fig.  3J0.  Bj 
this  mt^ns,  when  the  ponriag  U  ended, 
if  the  rod  be  (till  kept  in  oontaet  with 
the  edge,  the  U«t  diop  ii  prerented  &na 
roDDing  down  the  outside  of  th«  jar  m 
basin ;  the  rod  maj  then  be  placed  in  tilt 
vessel  until  %  similar  operstion  !■  agiii 
required.  Ailer  the  whole  of  the  liquid 
.  haa  been  poured  off,  the  portion  whidi 
adberee  to  the  rod  and  to  the  aide*  of  the 
Teaul  ia  waahed  dawn  by  a  Jet  of  water 
from  the  washing  bottle,  fig.  351,  *nd 
the  wasbinga  are  added  to  the  rest  of  the 
decanted  liquid. 

{700)  Wru&inff  <^  Prteipitafti.— 
In  washing  precipiUtee,  the  qh  of  a  flask  {irorided  with  two  tubea  pMaing 
tlirongh  the  cork,  as  represented  in  fig.  3ii.  faoilitatee  the  operation.  The 
tube  a,  passes  jost  through  the  cork ;  the  longer  tale, 
b,  re«cbe«  almoat  to  the  bottom  of  the  fliuk ;  it  ter> 
minates  at  c  in  a  fine  orifice;  on  fondng  air  from  the 
lungs  through  the  tube  a,  the  water  ia  expelled  at  t, 
and  maj  be  directed  upon  the  filter. 

It  ia  necessary  that  the   filter   should  fall  coa- 

pletely  within  the  funnel,  and  that  before  an;  ot  the 

liquid  for  filtration  is  poured  into  it,  the  paper,  «Aa 

it  has  been  placed  in  the  funnel,  should  be  moistened 

with  distilled   water.     In   washing  a  precipitate,  the 

Etreain  of  water  should   be  direi:ted  upon  the  upper 

I   edges   of   tlie  filter,  tio   as   to  waxh  down   the  salinB 

'  particles,  which,  by  evaporation  of  the  liquid,  have  a 

tendency   to   accumulate  there   as   the  solution  riKs 

under  the  influence  of  capillary  action. 

In  cases  where  gelatinous  precipitates,  like  hjdrated  oxide  of  iron  or  alumina, 
are  to  be  waahed  continuously  for  a  long  period,  a  simple  contrivance  by  Gaj* 
Lussac  will  be  found  very  useful ;  it  is  merely  a  bottle  of  distilled  water,  a., 
fig.  353,  which  by  means  of  a  siphon,  supplies  the  wattr  at  a  regulated  level  in 
the  funnel,  d ;  b  represents  a  tube  open  at  both  ends,  which  reaches  nearly  to 
the  bottom  of  the  bottle,  1.;  c  ie  a  siphon  with  limbs  of  equal  length,  whieh 
passes  a  little  deeper  into  the  bottle  than  b ;  the  limb  which  dips  into  the  funnel  ' 
has  its  lower  extremity  a  little  recurred,  to  direct  the  pure  water  upwards,  and 
the  siphon  can  be  filled  by  blowing  gently  into  the  bottle  through  the  tube  b. 
The  funnel,  d,  is  placed  so  that  the  upper  edge  of  the  filter  shall  be  a  little  above 
the  level  of  the  tower  end  of  c.  Under  these  ciruumstances  the  filter  can  never 
overflow.  As  soon  as  the  surface  of  the  liquid  in  the  liinuel  falls  just  below  the 
level  of  the  lower  extremity  of  i,  the  siphon  curries  over  a  small  quantity  rf 
water,  and  bubbles  of  air  rise  in  the  bottle,  1,  to  supply  its  place.  Tbia  proocM 
goes  on  continuously  as  the  water  flows  from  the  hlcer,  until  1.  is  empty. 

In  order  to  ascertain  whether  a  precipitate  has  been  sufficiently  washed,  B 
drop  of  the  liquid  which  pasaee  through  is  evaporated  on  a  slip  of  glass :  it  on^ 
to  leave  no  appreciable  stain  or  residue. 

In  collecting  a  precipitate  from  a  filter,  the  paper  should  be  dried  thoroughly ; 
alter  which  the  portion  that  can  be  readily  detiwhed  from  the  paper  ahould  b« 


allowed  to  fdl  into  the  platJDDin  w  poroelaio  eaptnU  id  which  it  in  iabmded  to  per- 
form the  i^ition.  The  c^nle  ii  to  be  placed  upon  a  imootfa  aheet  of  paper,  and 
the  filter  being  held 

at  one  comer  with  a  Fia.  353. 

pair  of  foreepa,  or 
■UHpended  in  a  coil 
of  plstiDDiD  wire,  i* 
bumed  in  soch  a  wa; 
that  the  athe*  (hall 
£J1  into  the  platiDum 
capsule:  anypartjclet 
of  aah  whicjt  maj  (kll 
upon  the  paper  are 
carefully  tranaferred 
to  the  capanle. 

It  muat  not  be 
forgotten  that  filter- 
ing-psper  itael  f  leavei 
tracee  of  aah  when 
bnmt ;  bnt  the  a* 
raountofthiaingood 
■pecimena  ahonid  not 
exceed  about  3  gruna 
in  1000.  Before 
naing  any  paper  for 
the  pnrpoeea  of  ana- 
lyaia,  the  quantity  of 
aah  (uiualljr  consint* 
ing  of  ailica,  lime,  and  tiacea  of  ferrio  oxide)  which  a  giren  weight  of  it  eSbrda 
when  tnimt  must  be  aaoertuned.  In  each  analytical  experiment  the  weight  of 
the  filter  employed  being  approximatirely  known,  it  ia  eaiiy  to  eetimate  the  amount 
of  anh  which  it  would  yield  (at  moat  but  a  few  hundredtba  of  a  grain)  and  to 
deduct  this  &om  the  groaa  weight  of  the  predpitate.* 

§  II.  Zinc  :  (Zii"  =  65'o.)     Sp.  Gr.  68  to  7-1 ;  Fuaing-pt.  'j-jf 
(412°  C.) ;  BoiltT^-pt.  1904°  (1040°  C);  Atomic  and 
Mol.  Vol.  of  Vapour,  ["7"!:   ^fl-  tot.  65. 
(701)  Zinc,  or  spelter,  as  it  ia  often  called  in  conunerce,  has 
been  known  ia  tlie  metallic  form  since  the  time  of  Paracelsus. 
Its  ores  occur  in  considerable  abundance,  though  it  is  never  met 
with  in  the  native  state.     Much  of  the  zinc  of  commerce  is  sup- 
plied from  Silesia,  where  the  ore  wrought  is  calamine ;  the  com- 
mon  or    rhomboidal   calamine    (zincic    carbonate)    is   the   most 
important  variety,  though  the   prismatic   or  electric  calamine,  a 
hydrated  basic  zincic  silicate,  is   found  oflen  in  the  Carinthian 
ores  :  it  is  much  more  difficult  of  reduction.     Zincic  carbonate  is 
also  cxtensiTcly  worked  in  Belgium,  where  it  is  fiaund  mixed  with 

*  lu  delicate  inquiries  it  ia  deiirable  firat  to  waeh  the  filter  with  dilute  oitrie 
acid  (i  of  acid  to  30  of  water),  by  which  nearly  everything,  except  the  ailica,  ia 
remored,  then  waahing  well  with  diatilled  water. 
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clay.  In  the  Mendip  Hills,  in  Somersetshire,  the  ziucic  carbo- 
nate is  associated  with  ma^esian  limestone.  Blende,  or  zinoc 
sulphide,  is  worked  in  England  to  some  extent ;  it  usti&llf  accom- 
panies plumbic  sulphide  (or  galena}  in  the  mountain  limestone. 
In  New  Jersey  red  oxide  of  zinc  has  been  found  in  large  quanti- 
ties both  massive  and  crystallized ;  the  colour  is  due  to  admixtnie 
with  oxides  of  manganese  and  iron.  It  forma  a  valuable  ore,  and 
is  easily  reduced.  In  the  year  i860,  4357  tons  of  zinc  were  ex- 
tracted from  English  mines. 

{702)  Extraction  of  Zinc  from  its  Ores. — In  the  extraction  of 
zinc,  whether  from  blende  or  from  calamine,  the  ore  is  crushed 
between  rollers,  and  undergoes  a  process  of  roasting ;  in  the  case 
of  blende  a  preliminary  mechanical  treatment  is  reqtdred,  in 
order  to  separate  the  galena  as  completely  as  possible,  as  the 
presence  of  lead  would  occasion  rapid  destruction  of  the  crucibles 
during  the  subsequent  reduction  of  the  metal.  The  roasting  of 
blende  is  tedious,  and  requires  to  be  carefully  performed ;  the 
sulphur  bums  away  as 
sulphurous  anhydride, 
and  the  zinc  becomes 
oxidized  ;  2ZnS  +  3O, 
yield  aZnO  +  aSO,.  Ca- 
tamine  also  yields  zincic 
oxide  when  roasted, 
whilst  carbonic  anhy- 
dride and  water  are  ex- 
pelled. The  roasted  ore 
from  either  source  u 
mixed  with  half  its 
weight  of  powdered  coke 
or  anthracite,  and  intro- 
duced into  crucibles  of 
peculiar  construction, 

The  method  of  rednetioi 
practufd  I  a  EngUnd  a^rt 
one  of  the  fevr  inatances  in 
which  diBtilUtion  per  deteof 
tunt  IB  still  practised  — a  dr- 
calor  furnace,  nomewhst  ai- 
milar  to  thtt  lued  in  mmking 
glaaa  u  employed  in  thii 
furnace  six  large  day  era- 
ciblei,  (three  of  which  are  le- 
prtvented  iu  the  nection  at  a,  a,  ±,  fig.  553.)  each  I  33  metret  or  4  feet  high 
and  076  metre  <«  3^  feet  iu  diiuneter,  are  arranged,  three  on  each  aide  of  the 
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firelius;  one  of  theM  craoible*  is  shown  in  iection  in  the  &gaxe.  In  the 
bottom  of  each  cracible  u  an  opening,  and  to  this  U  tttouhed  a  short  iron  pipe, 
which  pB88M  oat  through  the  bottom  of  the  furnace;  to  thi«  iron  tube  a  second 
wider  tube,  b,  about  3'44  metres  or  eight  feet  long,  is  foateued  in  inoh  a 
Qianner  ai  to  be  readily  Temoveable;  beneath  the  open  end  of  this  tube  a 
sheet-iron  vessel,  c,  is  placed  to  receive  the  zino.  The  bottom  of  the  cnu-ible 
is  then  loosely  plugged  with  large  pieces  of  coke,  and  a  charge  oontuntng 
from  loo  to  3^0  kiloa.  (from  4  to  5  cwL)  of  the  mixture  of  calcined  ore 
and  coal  is  introduced  into  each  pot,  and  the  corer  is  carefully  luted  on.  Car- 
bonic oxide  is  first  erolred  abuodantly,  and  bnras  with  a  blue  flame  at  the  mouth 
of  the  short  iron  tube ;  in  a  few  hours  the  oolour  of  the  flame  changes  to  brown, 
when  the  cadmium,  which  is  more  Tolatile  than  lino,  comes  over,  and  may  be 
condensed.  When  the  colour  of  the  flame  changes  to  bluiah-whit«,  the  zinc  ii 
distilling  nearly  pure.  The  flame  in  then  extinguished  by  attaching  the  longer 
tnbe,  and  the  metal  becomes  condensed  partly  in  powder,  partly  in  stalaotilio 
masses,  and  Mis  down  into  the  iron  reMel*,  c,  c,  placed  for  its  reception.  The 
zino,  being  rolatila  at  very  high  temperatures,  bulla  and  distils  an  the  operation 
proceeds.  In  order  to  prevent  the  pipe,  b,  from  becoming  ahoked,  it  is  oooa- 
aionally  removed,  ucd  the  zinc  detached  from  it. 
The  crude  metal  is  mingled  with  a  good  deal  of 
oxide :  it  is  therefore  re-melted,  skimmed,  and  cast  { 
into  ingots;  or  (if  intended  for  rolling)  into  sheets,  ^ 
aod  then  laminated  at  a  temperature  o!  about  248° 
(110°  C).  Calamine,  which  contains  j2  per  cent.  E 
of  metal,  does  not  yield  on  an  average  above  30 ; 
tbegreater part oftheiincicsilicate, whichcalamine  | 
•ImoFt  alwayH  oontuns,  escaping  decompoiiition 

(703]  In  Silesia  the  distillation  is  eflected  11 
muffle-shaped  earthen  retorts,  which  are  ranged  in  I 
two  rows  on  the  same  plane  in  a  long  furoace,  luck  | 
to  back:  the  outer  end  of  each  retort  is  provided  ' 
with  two  apertures ;  the  lower  one  is  employed  for  J 
introducing  the  charge,  and  is  afterwards  carefully  | 
luted  up,  whilst  the  upper  one  is  for  receiving  a  bent  I 
earthen  pipe  which  carries  ofl*  the  metal  as  it  distils 

(704)  In  Belgium  the  distillation  is  managed  I 
quite  differently.     The  ores  treated  in  thatcouDtry  ? 
are  of  two  kinds,  both  occurring  in  a  matrix  of  clay   ^ 
above  a  bed  of  dolomite :  one  ia  a  red  variety,  c 
tuning  about  33  percent  of  zinc,  with  a  good  deal   ^ 
of  oxide  of  iron,  but  admitting  of  reduction  at  a 
moderate  temperature;  the  other  is  a  white  ore, 
aliio  a  calamiue,  which  contains  about  46  per  oent 
of  zinc,  and  requires  a  much  higher  temperatur 
for  its  reduction.  These  ino  species  of  ore  are  kept  | 
distinct  from  each  other  duiing  the  process  of  am 
ing.     The  calamine,  having  been  washed  to  remove  j*- 
the  clay,  is  roasted,  during  which  operation  it  losen 
■bout  15  per  cent,  of  water  and  carbonic  unhy 
dride.     Aiter  this  it  is  reduced  to  a  fine  powder 
and  thoroughly  mixed  with  half  itn  weight  of  coal 
dust :  this  mixture  is  tlien  introduced  into  clay  re- 
torts about  t^ree  feet  eight  inches  (I'l  metre)  long  and  si 
in  diameter;  each  retort  it  charged  with  about  40  lb.  0 
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of  coal  and  roasted  ore.  Forty-two  of  these  retorts  are  arranged  in  mn  ardied 
famace,  in  rows  of  six,  placed  one  above  another.  The  backs  of  the  retorts  mt 
On  notches  in  the  wall,  e,  fig.  354,  and  are  supported  on  a  slightly  higher  level 
than  the  open  extremities,  which  rest  in  front  upon  iron  plates,  f^f*  To  each 
retort  an  open,  somewhat  conical,  cast-iron  pipe,  c,  is  Inted;  this  aenrea  at  t 
receiver  for  the  distilled  metal,  and  upon  each  of  these  receivers  is  fitted  a  tecoDd 
receiver  of  sheet  iron,  d,  with  an  opening  at  the  extremity  for  the  eveape  of  gat. 
The  fire  by  which  the  retorts  are  heated  is  shown  at  ▲.  In  sach  a  fornaoe  two 
charges  may  be  worked  ofi*  in  twenty-four  hours.  ^During  the  operation  the 
small  adapters,  d,  d,  are  withdrawn  once  in  two  hours,  and  the  liquid  sine  which 
has  condensed  in  the  receivers  is  raked  out  into  a  large  ladle  and  cast  into  ingolL 
When  the  distillation  is  complete,  the  residues  in  the  retorts  still  retain  nearly 
25  per  cent  of  zinc,  which  is  chiefly  in  the  form  of  silicate ;  this  portion  is 
entirely  wasted  (Piot  and  Murailhe,  Ann,  des  3£ines,  TV,  v.  i6j). 

The  retorts  in  the  upper  part  of  such  a  furnace  necessarily  reoelTO  less  heat 
than  those  in  the  lower  part,  and  hence  this  process  is  particularly  well  adapted 
to  the  Belgian  ores,  because  the  poorer  ones,  which  require  less  heat,  can  be 
employed  in  charging  the  upper  retorts. 

(705)  Preparation  of  pure  Zinc, — Commercial  zinc  contains  a 
small  amount  of  lead  and  of  iron ;  minute  quantities  of  tin  and 
cadmium  are  also  often  present^  besides  occasionally  traces  of 
arscnicum  and  of  copper.  Carbon  is  also  mentioned  among  its 
impurities^  but  Eliot  and  Storer^  in  their  elaborate  examination 
of  the  ordinary  impurities  of  this  metal^  did  not  find  it  in  any  of 
the  13  specimens  which  they  examined^  though  traces  of  sulphur 
were  always  present.  The  best  method  of  obtaining  the  metal  in 
a  state  of  purity  consists  in  transmitting  sulphuretted  hydrogen 
through  a  strong  and  somewhat  acid  solution  of  zincic  sulphate, 
filtering  from  any  precipitate  which  may  be  formed ;  and  after 
boiling  the  solution,  in  order  to  expel  the  sulphuretted  hydrogen, 
precipitating  the  zinc  in  the  form  of  carbonate  by  the  addition  of 
sodic  carbonate.  The  carbonate  is  to  be  washed  and  redissolved 
in  pure  sulphuric  acid  and  submitted  to  electrolytic  decomposi- 
tion, or  else  the  dried  carbonate  may  by  ignition  be  converted  into 
zincic  oxide,  which  must  be  distilled  in  a  porcelain  retort  with 
charcoal  prepared  from  loaf  sugar. 

(706)  Properties, — Zinc  is  a  hard,  bluish-white  metal,  which, 
when  a  mass  of  it  is  broken  across,  exhibits  a  beautiful  crystalline 
fracture.  It  is  rather  brittle  at  ordinary  temperatures,  but  be- 
tween 212®  and  302°  (ico°  and  150°  C),  it  is  possessed  of  con- 
siderable ductility  and  malleability,  and  it  may  be  laminated  and 
wrought  with  ease :  at  a  temperature  a  little  higher  than  this,  it 
again  becomes  so  brittle  that  it  may  be  pulverized  in  a  mortar. 
It  fuses  at  about  773®  {412°  C),  and  at  a  bright  red-heat  it  may  be 
yolatilized :  the  temperature  of  its  boiling-point  is  estimated  by 
Deville  at  1904°  (1040°  C.)  :  if  its  vapour  be  exposed  to  the  air, 
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it  bums  with  great  splendour  and  is  converted  into  oxide^  which 
is  deposited  in  copious  white  flocculi.  Zinc  soon  tarnishes  when 
exposed  to  a  moist  atmosphere^  and  becomes  covered  with  a  thin, 
closely-adliering  film  of  oxide,  by  which  the  metal  beneath  is 
protected  from  further  change.  This  property  renders  zinc  valu- 
able  for  a  variety  of  economical  and  domestic  purposes.  It 
combines,  however,  readily  at  ordinary  temperatures  with  chlorine, 
bromine,  and  iodine,  if  moistened  with  water;  it  is  also  easily 
attacked  by  all  the  mineral  acids,  and  is  employed  to  decompose 
diluted  sulphuric  acid  when  hydrogen  is  required.  A  strong  so- 
lution of  potash  likewise  acts  upon  zinc  if  boiled  upon  it ; 
hydrogen  being  liberated,  whilst  the  zinc  is  dissolved  in  the  alka- 
line  solution ;  Zn-f2KH0  becoming  H3-fK30,ZnO.  Zinc  pre- 
cipitates most  of  the  basylous  metals  less  oxidizable  than  itself  in 
the  metallic  state  from  their  solutions. 

(707)  Uses. — ^The  uses  of  zinc  are  daily  extending.  Prom  its 
durability,  cheapness,  and  lightness,  it  is  frequently  employed  as 
a  substitute  for  lead  in  roofing.  It  is  employed  as  the  oxidizable 
metal  in  the  construction  of  the  voltaic  battery.  Sheet  iron 
coated  with  zinc,  or  galvanized  iron  as  it  is  often  called,  is  also 
used  for  roofing ;  the  iron  gives  strength,  whilst  the  zinc  protects 
it  from  oxidation,  and  it  is  not  combustible  like  zinc  alone.  Gal- 
vanized iron  is  prepared  by  cleaning  sheet  iron  thoroughly  as  in 
making  tin-plate  (8ii),  and  plunging  the  metal  into  a  bath  of 
molten  zinc,  covered  with  sal  ammoniac ;  the  surface  of  the  zinc 
is  by  this  means  kept  free  from  oxide,  which  is  dissolved  by  the 
sal  ammoniac,  and  the  two  metals  unite  readily.  A  tougher  and 
superior  article  is  obtained  by  first  coating  the  iron  plate  with  a 
very  thin  film  of  tin  by  a  voltaic  action,  and  then  immersing  the 
metal  in  the  melted  zinc. 

Zinc  has  a  considerable  power  of  dissolving  iron,  in  consequence 
of  which  it  corrodes  the  iron  pots  in  which  it  is  melted :  an  alloy 
of  zinc  with  a  small  proportion  of  iron  is  formed,  which  is  less 
fusible  than  zinc,  and  crystallizes  in  large  plates  on  cooling. 

Zinc  forms  several  valuable  alloys.  Of  these,  brass  is  the  most 
important :  it  consists  of  about  2  parts  of  copper  to  i  of  zinc. 
Grerman  silver  is  brass  containing  a  portion  of  nickel,  to  which 
its  white  colour  is  due.  Of  late  years  zinc  in  powder  has  been 
employed  as  the  basis  of  a  pigment  well  adapted  to  resist  the 
action  of  the  weather.  Zincic  oxide  has  likewise  been  substi- 
tuted for  red  lead  with  advantage  in  the  preparation  of  glass  for 
optical  purposes  (599). 

(708)  ZiNCic  Oxide,  or  Oxide  of  zinc  (ZnO=8i) ;  Sp.  Gr. 
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5*612  :  Comp.  in  loo  parts y  Zn,  80-24;  0>  1976. — ^It  is  possible 
that  the  film  which  is  formed  upon  the  surface  of  metallic  odc 
by  exposure  is  a  suboxide  ;  but  only  one  well  ascertained  oxide 
of  the  metal  is  known^  and  this  is  regarded  as  a  protoxide :  this 
oxide  is  occasionally  deposited  in  furnace  flues  in  yellowish  six- 
sided  prisms ;  but  it  is  generally  obtained  in  the  form  of  a  white 
flocculent  powder.  K  zinc  be  thrown  in  small  quantities  at  s 
time  into  a  capacious  clay  crucible  previously  heated  to  white- 
ness, it  bums  with  a  brilliant  flame  and  deposits  large  white  flakes 
of  the  oxide ;  but  when  thus  prepared,  it  is  mechanically  mixed 
with  particles  of  the  metal^  from  which  it  may  be  separated  by 
levigation  with  water;  the  hea\der  metallic  portions  subside 
quickly  and  leave  the  oxide  in  suspension.  The  process  of  manu- 
facturing this  oxide  when  it  is  required  as  a  pigment^  known  as 
zinc  white,  consists  in  distilling  zinc  from  clay  retorts  into  cham- 
bers through  which  a  current  of  air  is  maintained.  The  volatilized 
metal  bums  at  the  high  temperature  to  which  it  is  exposed  under 
these  circumstances,  and  the  oxide  is  deposited  in  a  scries  of  con- 
densing chambers.  It  has  been  attempted  to  introduce  this  white 
pigment  as  a  substitute  for  white  lead,  but  though  the  colour  is 
permanent,  and  of  a  pure  white,  it  does  not  combine  chemically 
with  the  oil  necessary  as  a  vehicle  for  distributing  the  colour,  and 
hence  it  soon  peels  ofi^,  and  allows  moisture  to  penetrate.  An 
impure  oxide,  sold  imder  the  name  of  tuttyy  is  obtained  from  the 
flues  of  furnaces  in  which  brass  is  melted. 

Zincic  oxide  becomes  yellow  when  heated,  but  recovers  its 
whiteness  as  the  temperature  falls.  It  is  readily  soluble  in  acids. 
The  hydrated  oxide  (ZnHgOg)  is  precipitated  from  the  solutions 
of  the  salts  of  zinc  by  the  addition  of  potassic  or  sodic  hydrate, 
as  well  as  by  ammonia ;  it  is  redissolved  by  an  excess  of  the 
alkaline  liquid. 

•  (709)  ZiNcic  Sulphide,  Sulphide  of  zinc,  or  Blende  (ZnS=97); 
Sp,  Gr.  4*i;  Comp,  in  100  parts,  Zn,  67-01;  S,  32*99. — ^Tlds 
compound  is  one  of  the  most  abundant  minerals  of  zinc.  When 
pure  it  is  of  a  pale-brown  colour,  but  generally  it  is  nearly  black 
from  admixture  with  sulphide  of  iron.  It  sometimes  occurs  mas- 
sive, but  is  usually  crystallized  in  rhombic  dodecahedra,  though  it 
occurs  in  other  forms  of  the  regular  system.  Metallic  zinc  does 
not  unite  readily  with  sulphur  :  but  if  heated  rapidly  in  mixture 
with  cinnabar  (mercuric  sulphide),  the  mercury  is  volatilized, 
and  zincic  sulphide  is  formed  with  almost  explosive  violence. 
Zincic  sulphide  does  not  fuse  when  heated :  when  roasted  in  the 
air  it  absorbs  oxygen ;  at  a  low  temperature  a  large  portion  of  it 
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is  converted  into  zincic  snlpliate,  but  at  a  higher  temperature  sul- 
phurous anhydride  is  formed,  and  zincic  oxide  is  left.  The  sul- 
phide is  only  slightly  attacked  by  sulphuric  and  hydrochloric 
acids,  but  nitric  acid  and  aqua  regia  dissolve  it  readily.  When 
the  salts  o^  zinc  are  mixed  with  hydro-ammonic  sulphide,  a 
white,  gelatinous,  hydrated  zincic  sulphide  is  precipitated,  which 
absorbs  oxygen  quickly  from  air,  and  is  readily  dissolved  by  acids. 

(710)  Zincic  Chloride,  or  Chloride  of  zinc  (ZnCl2=i36); 
Sp,  Gr  2753. — ^^^^  **^*  °^*y  ^®  procured  by  heating  the  metal 
in  chlorine  gas,  but  it  is  generally  obtained  by  dissolving  the 
metal  in  hydrochloric  acid ;  the  acid  is  decomposed,  its  chlorine 
tinites  with  the  zinc,  forming  zincic  chloride,  which  is  retained  in 
solution,  whilst  its  hydrogen  escapes  in  the  gaseous  form.  When 
this  solution  is  heated,  it  loses  water  till  the  temperature  rises  to 
482®  (250°  C.) ;  it  then  becomes  anhydrous,  but  remains  fluid, 
and  may  be  heated  to  above  700^  (371^*2  C.)  without  emitting  an 
inconvenient  amount  of  fumes ;  hence  it  is  sometimes  employed 
as  a  hot-bath  for  maintaining  objects  at  a  high  but  measurable 
and  regulated  temperature.  At  a  red  heat  it  distils.  Pure  zincic 
chloride  is  a  white,  very  deliquescent  substance,  fusible  at  about 
icx)®  C. ;  it  is  powerfully  corrosive  when  applied  to  the  skin. 
Under  the  name  of  Burnet f»  Disinfecting  Fluid,  its  solution  has 
been  largely  used  as  an  antiseptic,  and  as  a  preservative  of  wood 
and  vegetable  fibre  against  decay.  Zincic  chloride  is  soluble  in 
alcohol. 

Zincic  chloride  absorbs  ammoniacal  gas  freely.  It  also  unites 
with  zincic  oxide  in  several  proportions,  and  forms  a  number  of 
oxychlorides.  Zincic  chloride  forms  double  salts  with  the  chlo- 
rides of  the  alkali-metals ;  a  concentrated  solution  of  zinco-ammo- 
nic  chloride  (2H^NCl,ZnCl3)  is  used  for  the  purpose  of  removing 
the  film  of  oxide  from  the  surface  of  metals,  such  as  zinc,  iron, 
or  copper,  which  are  to  be  united  by  the  operation  of  soldering. 

(711)  Zincic  Sulphate,  or  Sulphate  of  zinc  (ZnS0^7H30= 
161  + 126) ;  Sp,  Gr.,  anhydrous,  3*681  ;  cryst.  1*931),  is  obtained 
in  large  quantities  as  a  residue  in  the  ordinary  process  of  pro- 
curing hydrogen  by  the  action  of  diluted  sulphuric  acid.  It  may 
also  be  prepared  by  roasting  zincic  sulphide  at  a  low  temperature, 
lixiviating  the  mass  and  crystallizing.  It  crystallizes  in  colour- 
less four-sided  prisms,  which  constitute  the  white  vitriol  of  com- 
merce. In  a  dry  air  it  is  efflorescent ;  it  is  soluble  in  2^  parts  of 
water  at  59®  (15^  C),  and  melts  in  its  water  of  crystallization 
when  heated ;  it  may  be  obtained  crystallized  with  6,  5,  2,  and 
I  atom  of  water,  by  varying  the  temperature  at  which  the  crystals 
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are  allowed  to  be  formed.  Zincic  sulphate  is  used  medicdnalljin 
small  doses ;  it  is  likewise  prepared  largely  for  the  calico  printer. 
It  forms  double  sulphates  with  potassium  and  with  ammoniiuiii 
which  crystallize  with  6Hfi.  Several  basic  zincic  sulphates  may 
also  be  obtained. 

(712)  ZiNcic  Carbonate^  or  Carbonate  of  zinc  {ZaCO^^siz^; 
Sp.  Gr.  4'4 ;  Comp.  in  100 parts,ZnO,  64*8  ;  CO^  35*2  ;  or  Zn,  5a; 
COj^  48)^  is  found  native^  both  massive  and  crystallized^  in  forms 
derived  from  the  rhombohedron.  It  is  usually  of  a  greyish  or 
yellowish  colour^  forming  one  variety  of  calamine,  which  is  so 
named  from  its  property  of  adhering^  after  fusion,  in  the  form  of 
reeds,  to  the  base  of  the  furnace.  It  readily  loses  carbonic  anhy- 
dride when  ignited.  No  neutral  zincic  carbonate  can  be  obtained 
from  the  salts  of  the  metal  by  double  decomposition.  When  s 
hot  solution  of  a  zincic  salt  is  precipitated  by  a  boiling  solution 
of  an  alkaline  carbonate,  a  hydrated  oxycarbonate  is  formed,  con- 
sisting of  (8ZnO,3CO, .  611  fi ;  Schindler).  Several  other  basic 
zincic  carbonates  may  be  formed. 

The  other  variety  of  calamine  becomes  electric  by  heat ;  it  ii 
a  hydrated  orthosilicate  (2ZnO,SiOyH20). 

(713)  Characters  of  the  Salts  of  Zinc. — ^The  sine  salts 
are  colourless ;  their  solutions  have  an  astringent,  metallic  taste, 
and  act  rapidly  and  powerfully  as  emetics. 

They  are  distinguished  by  giving  no  precipitate  in  acid  solu- 
tions with  sulphuretted  hydrogen^  though  the  acetate,  even  when 
acidulated  with  acetic  acid,  gives  a  white  hydrated  sulphide  when 
the  gas  is  transmitted :  they  yietd  a  white  hydrated  sulphide  of 
zinc  with  hydro-ammonic  sulphide,  a  white  hydrated  oxide  with 
caustic  potash,  soda,  or  ammonia,  soluble  in  excess  of  the  alkali; 
a  white  basic  zincic  carbonate  with  the  carbonates  of  the  alkaU' 
metals,  soluble  in  excess  of  the  solution  of  ammonic  carbonate, 
but  not  in  that  of  potassic  or  sodic  carbonate ;  they  also  yield  a 
white  precipitate  with  potassic  ferrocyanide. 

Before  the  blowpipe,  in  the  reducing  flame  on  charcoal,  the 
metal  is  reduced  and  volatilized,  burning  into  white  fiimes  of 
zincic  oxide.  If  placed  on  charcoal  and  moistened  with  a  solu- 
tion of  cobalt  nitrate,  the  compounds  of  zinc  when  heated  in 
the  oxidating  flame  leave  a  green  residue,  which  is  not  fusible. 

(714)  Estimation  of  Zinc, — Zinc  is  best  precipitated  for  analysis 
by  potassic  carbonate,  the  whole  solution  being  evaporated  down 
to  dryness ;  the  residue,  which  contains  the  zincic  carbonate,  is 
washed  with  boiling  water^  dried,  and  converted  by  ignition  into 
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zincic  oxide^  which  is  weighed.  The  oxide  contains,  in  loo  partSi 
8o'24  of  z^c.  K  ammoniacal  salts  be  present,  an  excess  of  the 
potassic  carbonate  should  be  used  sufficient  to  decompose  the 
ammoniacal  salts  completely,  the  ammonia  being  wholly  expelled 
as  carbonate  during  the  process  of  evaporation.  The  foregoing 
process  is  not  applicable  to  the  separation  of  zinc  from  any  but 
the  alkali-metak. 

(715)  Separation  of  Zinc  from  the  Alkalies  and  Alkaline  Earths. 
' — ^This  may  be  effected  by  the  addition  of  hydro-ammonic  sul- 
phide to  the  solution  after  it  has  been  neutralized  by  ammonia ; 
the  zinc  is  thus  precipitated  as  hydrated  sulphide :  it  must  be 
washed  with  a  solution  of  sulphuretted  hydrogen,  to  prevent  its 
oxidation,  then  redissolved  in  hydrochloric  acid,  and  evaporated  to 
dryness  with  excess  of  potassic  carbonate  :  the  soluble  salts  must 
be  washed  from  the  zincic  carbonate,  which  is  to  be  converted 
into  oxide  by  ignition,  and  then  weighed. 

The  separation  of  zinc  from  aluminum  and  glucinum  may  be 
effected  by  dissolving  all  the  bases  by  means  of  an  excess  of 
caustic  potash,  and  adding  hydro-ammonic  sulphide :  in  this 
case  zincic  sulphide  is  alone  precipitated :  it  may  be  collected 
and  its  amount  determined  in  the  manner  just  described. 

§  III.  Cadmium:  (Cd''=ii2);  Sp,  Gr.  8*6  to  8*69;  Fusing-pt, 

442^  {27,  f '8  C.) ;  Boiling-pL  1580^  (860°  C.) ;  Theoretic 

Sp.  Gr.  of  vapour,  ^86^ ;  Observed,  ^'^4;  Atomic 


andMol.  Vol.  of  Vapour, \    \    ];*  ReL  wt.  56. 


(716)  Cadmium  was  discovered  by  Stromeyer,  in  1 818.  It  is 
occasionally  foimd  as  cadmic  sulphide,  accompanying  the  ores  of 
zinc,  and  is  obtained  as  an  accidental  product  during  the  extrac- 
tion of  the  latter  metal.  Being  more  volatile  than  zinc,  the 
greater  part  of  the  cadmium  sublimes  among  the  first  portions  of 
the  distilled  metal,  from  which  it  may  be  extracted  by  dissolving 
them  in  sulphuric  acid,  and  precipitating  the  cadmium  as  sulphide 
by  means  of  sulphuretted  hydrogen :  the  sulphide  may  be  dissolved 
in  strong  hydrochloric  acid,  precipitated  by  ammonic  sesquicar- 
bonate,  and  reduced  in  an  earthen  retort  by  ignition  with  char- 
coal ;  the  metal  distils  over  at  a  h^at  below  redness. 

Cadmium  is  of  a  white  colour,  resembling  tin,  and,  like  it, 
creaks  when  a  rod  of  it  is  bent ;  it  is  so  soft  that  it  leaves  its 


•  This  vapour  (as  well  probably  as  tbat  of  zinc  and  the  other  metiillic  djads; 
IB  anomalous  iu  volume,  i  atom  of  each  metal  yielding  2  volumes  instead  of 
I  volume. 
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traces  upon  paper^  and  possesses  considerable  malleability  and 
ductility;  when  heated  to  about  176^  (80°  C),  it  becomes  Teiy 
brittle^  and  may  be  powdered  in  a  mortar  with  fieicility.  Cadmium 
fuses  at  442^  (227^*8  C.)^  and  may  be  obtained  in  octohedral  C171- 
tals  as  it  cools.  In  the  atmosphere  it  imdergoes  little  change, 
but  when  thrown  into  a  red-hot  crucible  it  takes  fire,  depositing 
brownish-yellow  fumes  of  oxide.  It  is  dissolved  with  evcdution 
of  hydrogen  when  heated  in  sulphuric  or  hydrochloric  add 
slightly  diluted ;  nitric  acid  dissolves  it  still  more  fireely. 

The  addition  of  cadmium  to  the  more  fusible  metals  gene- 
rally yields  an  alloy  of  low  fusing-point,  without  destroying  the 
toughness  or  malleability  of  the  compound.  An  alloy  consisting 
of  15  parts  of  bismuth,  8  of  lead,  4  of  tin,  and  3  of  cadminm, 
furnishes  a  silver- white  alloy  of  sp.  gr.  9*4 :  it  softens  between 
131®  and  140^  (55®  and  60^  C),  and  at  about  60®  C.  is  completdy 
liquid ;  it  expands  a  little  as  it  solidifies.  This  alloy  is  somewhat 
ductile,  and  may  be  filed  readily  without  clogging  the  tool ;  it 
preserves  its  brilliancy  in  the  air.  An  alloy  consisting  of  i  part 
of  cadmium,  6  parts  of  lead,  and  7  of  bismuth,  melts  at  1 79^*6 
(82^  C). 

(717)  Cadmig  Oxids,  or  Oxide  of  cadmium  (CdO=  128);  8p.  6^.6-93; 
Comp.  in  100  parts,  Cd,  87*5 ;  0,  12*5. — This  oxide  is  obtained  tun  a  l>rowii 
anhydrous  powder,  by  baming  the  metal  in  air,  or  by  igmting  cadmio  nitrate; 
it  is  not  fusible  or  volatile  in  the  furnace.  A  white  hydrated  eadmic  oxide 
CdO,H,0,  may  be  obtained  by  decomposing  its  salts  by  a  fixed  alkali ;  ammonii 
in  excess  redissolves  it,  but  the  potassic  and  sodic  hydrates  have  no  such  effect ; 
even  the  anhydrous  oxide  is  soluble  in  ammonia.  Ammonic  sesquicarbooate 
does  not  dissolve  eadmic  oxide  either  in  the  anhydrous  or  the  hydrated  form. 

Cadmic  Sulphide  (CdS  =  144)  constitutes  the  mineral  known  as  ffreenoekiie, 
which  occurs  crystallized  in  six-sided  prisms.  It  may  be  formed  artifidally  bj 
transmitting  a  current  of  sulphuretted  hydrogen  through  a  solution  of  a  sidt  of 
cadmium ;  it  greatly  resembles  orpiment  in  appearance,  but  is  distinguished  from 
it  by  its  want  of  volatility  when  heated,  and  by  its  insolubility  in  ammonia  and 
in  the  sulphides  of  the  alkali-metals.  It  forms  a  bright  yellow  pigment  highly 
valued  both  for  the  purity  and  permanence  of  its  tint. 

Cadmic  Chloside,  or  Chloride  of  cadmium  (CdCl,,2H,0)  cryatalliies 
easily.  The  iodide  (sp.  gr.  4*576)  may  be  also  obtained  without  difficulty  in 
crystals  which  have  a  pearly  lustre.  It  is  anhydrous,  and  fuses  readily  00  the 
application  of  heat.  This  salt  is  easily  obtained  by  digesting  metallic  eadmiimi 
in  water  with  free  iodine,  and  evaporating  the  solution;  it  is  employed  fiar 
iodizing  collodion  for  photographic  purposes  (i27il). 

(718)  Characters  of  the  Salts  of  Cadmium. — ^The  cadmic 
salts  are  colourless,  and  resemble  those  of  zinc.  They  may  be 
readily  distinguished  by  the  yellow  precipitate  of  cadmic  sulphide 
which  they  yield  with  mlphwretted  hydrogen  in  acid  solutions ; 
this  precipitate  is  insoluble  either  in  ammonia  or  in  the  alkaline 
sulphides^  or  in  potassic  cyanide^  but   soluble   in  boiling  dilated 
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sulphuric   acid.     Caustic  potash  and  soda  give  a  precipitate  of 

white   hydrated  oxide^  insoluble  in  excess  of  the  precipitant; 

ammonia,  a  similar  precipitate  very  soluble  in  excess ;  carbonates 

of  potassium,  sodium,  and  ammonium,  a  white  carbonate^  insoluble 

in  excess ;  oxalic  acid,  a  white  precipitate^  soluble  in  ammonia ; 

potassic  ferrocyanide,  a  yellowish- white    precipitate,   soluble  in 

hydrochloric  acid. 

Before  the  blowpipe  they  are  decomposed,  and  on  the  cool  part 

of  the  charcoal  a  ring  of  brown  cadmic  oxide  is  deposited,  due  to 

the  reduction  and  subsequent  combustion  of  the  metal. 

Estimation  qf  Cadmium, — Cadmium  is  readily  separated  from  all  the  fore- 
going metals  by  the  action  of  snlpharetted  hydrogen,  which  causes  a  precipitate 
of  yellow  cadmic  sulphide  from  an  acidulated  solution  of  the  salts  of  this  metal. 
This  precipitate  is  redissolyed  in  nitric  acid,  decomposed  by  an  excetw  of  sodic 
carbonate,  evaporated  to  dryness,  washed  from  the  soluble  salts,  and  the  resulting 
cadmic  carbonate  is  heated  to  redness,  by  which  it  is  converted  into  oxide ;  it  is 
then  weighed :  loo  grains  of  cadmic  oxide  contain  87*5  of  the  metal. 
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The  metals  of  this  dass  include  those  which  are  distinctly 
magnetic ;  uraniimi,  however^  appears  to  be  diamagnetic.  They 
decompose  water  at  a  red  heat,  and  are  soluble  with  evolution  of 
hydrogen  in  hydrochloric  and  diluted  sulphuric  acid.  They  form 
seyeral  oxides^  two  at  least  of  which^  except  in  the  case  of  cobalt 
and  nickel^  are  soluble  in  acids.  Sulphuretted  hydrogen  in  solu- 
tions acidulated  with  the  mineral  acids  does  not  precipitate  the 
metals  of  this  group.  Corresponding  salts  of  these  metals  are 
isomorphous  (see  page  331). 

§  I.  Cobalt:  (Co'' =59).     8p.  Gr.  8'95. 

(719)  Cobalt    appears   to  have  been   first  recognized    as  a 
distinct  metal  by  Brandt^  in  1733.     ^^  generally  occurs  in  com* 
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bination  with  arsenic^  as  speiss-oobalt  or  tin-white  oobdLt  (CoAi|)y 
but  occasionally  it  is  found  as  cobalt  glance^  which  is  s  oampomid 
of  the  arsenide  and  the  sulphide  of  the  metal  (CoSAs).  CoUt 
is  nerer  met  with  in  the  native  state^  except  as  an  ingredient  in 
meteoric  iron  in  small  proportions.  The  black  oxide  has  been 
found  to  some  extent  in  the  Western  States  of  America,  mixed 
with  cobalt  sulphide^  and  with  variable  proportions  of  tbe 
oxides  of  nickd^  manganese,  iron,  and  copper.  The  ores  of  tius 
metal  occur  chiefly  in  the  primitive  rocks,  and  are  usually  very 
complicated;  they  contain  nickel,  iron,  and  often  bismuth  and 
copper,  mineralized  either  by  sulphur  or  by  arsenic,  or  by  both 
together. 

Extraction, — It  is  not  easy  to  obtain  cobalt  in  a  state  of 
purity.  On  a  small  scale  the  ore  may  be  treated  as  follows : — 
It  is  first  roasted  at  a  low  but  gradually  rising  temperature,  in 
order  to  expel  the  greater  portion  of  the  arsenic :  after  whidi  it 
is  dissolved  in  aqua  regia,  and  evaporated  to  dryness  to  drive  off 
the  excess  of  acid ;  it  is  then  redissolved  in  water,  and  a  current  of 
sulphuretted  hydrogen  is  transmitted  through  the  solution.  Bis- 
muth, copper,  and  the  remainder  of  the  arsenic  are  thus  precipi- 
tated as  sulphides.  The  filtered  liquor  is  boiled  to  expel  the 
excess  of  the  gas,  and  a  slight  excess  of  nitric  acid  is  added  to 
the  boiling  liquid,  to  convert  the  ferrous  into  ferric  salts ;  when 
cold,  it  is  diluted  and  supersaturated  with  ammonia ;  the  iron  is 
precipitated  as  sesquioxide,  carrying  with  it  a  little  cobalt,  but 
the  bulk  of  the  cobalt  remains  dissolved,  with  any  nickel  whid 
the  ore  may  have  contained. 

The  exact  separation  of  cobalt  from  nickel  is  tedious.  Two 
methods  have  been  proposed,  one  by  Rose,  the  other  by  liebig 
(737).  Rosens  method  is  the  following: — The  two  metals  are 
thrown  down  firom  the  ammoniacal  liquid  as  sulphides,  by  the 
addition  of  ammonic  hydrosulphide.  The  sulphides  are  redis- 
solved in  nitric  acid,  the  solution  is  then  largely  diluted,  and 
acted  upon  by  a  current  of  chlorine ;  after  this  it  is  digested  in 
a  closed  vessel  for  12  hours  upon  powdered  baric  carbonate.  The 
chlorine  converts  the  cobalt  into  sesquioxide,  which  is  gradually 
precipitated  by  the  baric  carbonate,  and  remains  mixed  with  the 
excess  of  this  carbonate  employed.  This  precipitate  is  again 
dissolved  in  hydrochlorib  acid :  the  barium  is  removed  by  adding 
sodic  sulphate,  and  the  cobalt  precipitated  as  protoxide  by  caustic 
soda:  the  precipitate  must  then  be  well  washed  with  boiling 
water,  and  reduced  in  a  current  of  hydrogen  gas,  which  leaves  the 
metal  in  the  form  of  a  black,  highly  magnetic  powder.     When 
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nickel  is  to  be  separated  firom  cobalt  for  purposes  of  analysis^ 
T.  H.  Henry  recommends  the  substitution  of  a  solution  of 
bromine  for  chlorine  gas  in  the  foregoing  process.  Bromine  may 
be  used  instead  of  chlorine  in  many  analogous  cases  with  great 
convenience. 

If  cobaltous  oxide  be  reduced  ia  a  crucible  lined  with  char- 
coal^ a  carbide  of  cobalt  is  formed^  which  may  be  obtained  in  a 
well-fused  button.  The  crucible  may  be  lined  with  charcoal  for 
this  purpose  by  dipping  it  into  water,  and  filling  it  completely 
with  charcoal  finely  powdered,  and  sufficiently  moistened  to 
render  it  coherent  when  firmly  beaten  into  the  crucible ;  a  cylin- 
drical cavity  is  then  scooped  out  of  the  middle  of  the  mass,  and 
its  interior  is  carefully  smoothed  with  a  glass  rod,  after  which 
the  crucible  is  allowed  to  dry  slowly.  Cobalt  nearly  pure  may 
be  procured  by  heating  cobalt  oxalate  in  a  covered  porcelain 
crucible,  enclosed  in  a  second  earthen  one,  with  the  cover  luted 
down ;  the  crucibles  are  then  exposed  for  an  hour  to  the  most 
intense  heat  of  a  forge  :  a  well-fused  button  of  cobalt  may  gene- 
rally be  obtained  ia  this  manner. 

Properties. — ^Metallic  cobalt  is  nearly  as  infusible  as  iron. 
It  is  of  a  reddish-grey  colour,  is  hard,  and  strongly  magnetic. 
Deville  states  that  by  reducing  the  oxalate  in  a  crucible  lined 
with  lime,  he  obtained  a  metallic  button  which  yielded  a  wire  of 
a  tenacity  nearly  double  that  of  an  iron  wire  of  the  same 
diameter.  It  is  dissolved  slowly,  with  evolution  of  hydrogen, 
by  hydrochloric  and  diluted  sulphuric  acids,  and  it  is  freely 
attacked  by  nitric  acid;  when  exposed  to  the  atmosphere,  it 
becomes  slowly  converted  into  oxide.  Cobalt  is  not  used  in  the 
metallic  state  in  the  arts.  Many  of  the  compounds  of  cobalt  are 
remarkable  for  the  beauty  and  brilliancy  of  their  colour,  and  are 
used  as  pigments. 

The  alloys  of  cobalt  are  unimportant.  Its  compounds  with 
arsenic  are  interesting,  as  they  supply  the  greater  part  of  the 
cobalt  employed  in  the  arts.  Tin-white  cobalt  (CoAs^),  when 
pure,  contains  28*57  per  cent,  of  cobalt  and  71 '43  of  arsenicum; 
but  portions  of  the  cobalt  are  frequently  displaced  by  nickel  and 
iron.  The  purest  specimens  of  this  mineral  are  obtained  from 
Tunaberg;  the  ore  from  this  locality  is  the  best  material  to 
employ  in  preparing  the  compounds  of  cobalt.  Arsenide  of 
cobalt  melts  at  a  moderate  red  heat.  Bright  white  cobalt,  or 
cobalt  glance  (CoSAs),  corresponds  in  composition  to  mispickel : 
it  crystallizes  in  cubes,  octohedra,  or  dodecahedra,  and  contains 
35*54  per   cent,  of  cobalt^  45' iS  of  arsenicum^  and  19*28  of 


536  0XIDB8   OF    COBALT — ZAFPKE SMALT. 

sulphur.  These  minerals  are  violently  decompoBed  by  nitiie 
acid  or  by  aqua  regia^  and  are  readily  attacked  when  heated  int 
current  of  gaseous  chlorine.  They  are  also  decomposed  when 
roasted  in  a  current  of  air. 

(720)  Oxides  of  Cobalt. — ^There  are  two  well-marked  oxidei 
of  cobalt,  the  protoxide,  or  cobaltous  oxide,  CoO,  which  ia  the 
salifiable  base  of  the  metal,  and  the  sesquioxide,  CojO^ ;  these  two 
oxides  are  capable  of  uniting  with  each  other  in  different  propor- 
tions. According  to  Schwarzenberg,  an  acid  oxide,  CogOp  may 
be  obtained  in  combination,  by  strongly  igniting  the  protoxide  or 
the  carbonate  with  potassic  hydrate,  in  which  case  a  crystalline 
compound  is  formJd,  which  when  dried  at  looO  C,  eS«sts  of 
K,0,3Co30, .  sUfi. 

Cobaltous  oxide,  or  Protoxide  of  cobalt;  (CoO=75).— Tlii 
oxide,  when  dried  at  a  low  temperature,  is  of  a  greeniah-giej 
colour ;  when  heated  to  dull  redness  in  the  air  it  absorbs  oxygen, 
and  becomes  black,  forming  an  oxide  (C03O  J  corresponding  to  the 
black  or  magnetic  oxide  of  iron,  but  if  more  strongly  heated  it 
again  loses  oxygen,  and  becomes  reconverted  into  the  protoxide, 
which  is  of  a  brown  colour,  and  which  may  be  cooled  in  t 
current  of  carbonic  anhydride  without  absorbing  oxygen  (Russell). 
Cobaltous  oxide  is  soluble  in  acids,  and  forms  solutions  whidi, 
when  concentrated,  arc  of  a  beautiful  blue  colour,  but  thqr 
become  pink  on  dilution.  The  oxide  forms  an  important  artide 
of  commerce,  from  its  employment  for  the  production  of  a  hbe 
colour  in  painting  on  porcelain.  When  describing  the  prepan- 
tion  of  nickel,  a  process  will  be  detailed  which  furnishes  the  oxide 
of  cobalt  fit  for  this  purpose  (729).  Cobaltous  oxide  combines  with 
bases  as  well  as  with  acids.  If  fused  with  potassic  hydrate  it 
forms  a  blue  compound,  which  is  decomposed  by  the  firee  addi- 
tion of  water ;  when  heated  with  magnesic  nitrate,  a  pale  pink 
residue,  formed  by  the  combination  of  the  magnesia  with  oxide 
of  cobalt,  is  obtained ;  with  alumina  it  forms  the  blue  pigment 
known  as  Thenard^s  blue,  and  with  zincic  oxide  the  compound 
constitutes  Rinman^s  green. 

The  zaffre  of  commerce  is  a  very  impure  oxide  of  cobalt, 
procured  by  imperfectly  roasting  cobalt  ore,  mingled  with  2  or  3 
times  its  weight  of  siliceous  sand. 

Smalt  is  a  beautiful  blue  glass  coloured  by  oxide  of  cobalt  j  it 
is  chiefly  manufactured  in  Saxony.  It  is  used  largely  by  papers 
stainers  to  produce  a  blue  colour,  and  it  is  employed  to  some 
extent  by  laundresses  for  correcting  the  yellow  tinge  in  linen. 
In  preparing  smalt,  the  cobalt  ore  is  first  roasted;  but  the  roast- 
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ing  is  arrested  at  a  particular  stage,  the  object  being  to  oxidize 
the  cobalt,  whilst  the  nickel,  copper,  and  iron  remain  in  combina- 
tion with  arsenic  and  sulphur ;  it  is  necessary  to  leave  a  sufficient 
amount  of  arsenic  in  the  mass  to  retain  these  metals,  as  the 
admixture  of  a  very  small  quantity  of  the  oxides  either  of  iron, 
nickel,  or  copper  with  the  glass,  seriously  injures  the  purity  of 
its  colour. 

From  4  to  5  parts  of  the  roasted  ore  in  powder  are  next  mingled  with  lo 
parts  of  ground  calcined  quartz  and  4  parts  of  potassic  carbonate,  and  the  mixture 
is  slowly  melted  in  pots  arranged  in  a  furnace  resembling  that  used  in  making 
ordinary  glass.  The  oxide  of  cobalt  combines  with  the  fused  potassic  silicate ; 
a  deep  blue  glass  is  thus  formed,  whilst  the  mixed  arsenides  and  sulphides  of 
nickel,  copper,  and  iron  fuse,  and  collect  at  the  bottom  of  the  pot,  in  the  form  of 
a  brittle  mass,  of  metallic  appearance,  commonly  known  as  speiss.  The  pot  is 
then  skimmed,  and  the  glass  is  ladled  out,  and  poured  into  cold  water,  by  which 
means  it  is  split  into  innumerable  fragments:  the  speiss  is  cast  into  ingots  and 
used  in  the  manufacture  of  nickel.  The  broken  glass  is  stamped  to  powder,  and 
subsequently  ground  between  granite  stones,  which  are  caused  to  revolve  under 
water,  in  a  vessel  through  which  a  gentle  stream  of  water  is  continually  flowing. 
The  water  as  it  flows  carries  off  with  it  the  powdered  smalt  in  suspension :  it  is 
made  to  pass  through  a  number  of  depositing  vessels,  so  arranged  that  the  over- 
flow from  the  first  shall  pass  into  the  second,  that  from  the  second  into  the 
third,  and  so  one  each  of  these  vessels  is  successively  larger  than  the  one  which 
precedes  it,  so  that  the  period  for  which  the  washings  are  retained  in  each  goes 
on  progressively  increasing,  and  the  particles  deposited  increase  progressively  in 
the  minuteness  of  their  subdivision ;  the  colour  becoming  less  intense,  the  greater 
the  degree  of  subdivision  of  its  particles. 

Another  valuable  pigment  into  the  composition  of  which  cobalt  enters  is  of 
a  pale  blue  colour,  and  is  known  as  Thentur^*  blue.  The  most  approved  method 
of  preparing  it  consists  of  precipitating  cobaltous  nitrate  by  means  of  hydro- 
dipotassic  phosphate,  and  mixing  the  precipitate  whilst  still  moist  with  four  or 
five  times  its  bulk  of  the  gelatinous  mass  obtained  by  adding  sodio  carbonate  to 
a  dilute  solution  of  alum  perfectly  free  from  iron.  The  mixture  is  dried  and 
then  exposed  to  a  dull  red  heat  in  a  covered  crucible.  The  brilliancy  of  the 
colour  is  much  impaired  by  the  reducing  action  of  the  combustible  gases  of  the 
fneL  The  best  praventive  of  this  effect  is  found  to  consist  in  placing  a  little 
mercuric  oxide  at  the  bottom  of  each  crucible ;  by  the  decomposition  of  this 
oxide  an  atmosphere  of  oxygen  is  obtained,  and  the  metallic  mercury  is  dissipated 
in  vapour  (Regnault,  Court  MSm.  de  CJUmie,  voL  iii.  p.  150). 

Itinmutni  green  is  a  pigment  of  analogous  composition,  containing  oxide  of 
cobalt  combined  with  zincic  oxide. 

Hydrated  cobaltous  oxide  (CoO^HjO)  is  precipitated  by  the 
addition  of  solution  of  potash  or  of  soda  to  solutions  of  any  of  its 
salts.  The  pale  blue  precipitate  which  is  first  formed  is  a  basic 
cobalt  salt,  but  if  an  excess  of  alkali  be  used,  it  quickly  becomes 
violet,  and  finally  rose-coloured,  which  is  the  true  colour  of  the 
hydrated  oxide :  these  changes  occur  most  rapidly  if  the  liquid  be 
warmed.  It  becomes  of  a  dingy  green  if  exposed  while  moist  to 
the  air,  owing  to  the  gradual  absorption  of  oxygen.  The  hydrated 
protoxide  is  readily  dissolved  by  a  solution  of  ammonic  sesqui* 
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carbonate^  and  also  by  excess  of  ammonia^  especially  in  the  pro* 
sence  of  a  neutral  ammonium  salt. 

Cohaltic  oxide,  or  Sesquioxide  cf  cobalt  (Oo,0,  =  i66)  may  be  prepTed  lij 
suspending  the  hydrated  protoxide  of  the  metal  in  water,  and  tnnsmittag  a 
current  of  chlorine  through  the  liquid ;  cobaltoua  chloride  ia  formed  aod  dii- 
aolved,.  whiLit  a  hlack  hydrated  cohaltic  oxide  is  precipitated,  Co,0,,3H,0.  Tht 
reaction  may  be  thus  expressed:  3(CoO,H,0)  +  Cl,  =  Co,0,.3H,0  +  CoCl^  If 
the  cobaltous  oxide  be  suspended  in  a  solution  of  potash  instead  of  in  pure  witff, 
the  whole  of  the  cobalt  is  converted  into  sesquioxide.  It  may  be  rendend  an- 
hydrous by  a  careful  application  of  heat,  but  if  strongly  heated  it  beeomea  eon* 
▼erted  into  a  black  oxide  (OoO,Co,0,),corresponding  with  the  magnetie  oxide  of  inn. 
This  magnetic  oxide  is  sometimes  deposited  in  small,  hard,  anhydrooSy  brillimt, 
steel-grey  octohedra  when  a  pure  aqueous  solution  of  roseocobaltic  chloride  (721) 
is  boiled.  In  this  form  it  is  insoluble  in  nitric  acid,  in  hydrochlorie  acid,  and 
in  aqua  regia :  it  is  but  slowly  attacked  by  heating  it  with  oil  of  yitriol  or  with 
hydropotassic  sulphate.  The  basic  powers  of  the  sesquioxide  are  extremely 
feeble.  Cold  sulphuric,  nitric,  hydrochloric,  phosphoric,  and  acetic  acida  disMlTS 
the  hydrated  oxide,  but  the  salts  are  gradually  converted  at  ordinary  temperatuRi 
into  those  of  the  protoxide,  and  this  change  is  immediately  effected  if  the  lolii- 
tions  are  heated. 

(721)  Ammoniacal  Compounds  of  Cobalt. — ^When  a  solution  of  a  co- 
baltous salt  in  ammonia  is  exposed  to  the  air,  it  absorbs  oxygen  rapidly,  althoogh 
the  hydrated  cobaltous  oxide  alone  exhibits  this  tendency  to  a  small  extent  only. 
If  the  hydrated  oxide  be  dissolved  in  a  solution  of  ammonic  chloride  oootaining 
free  ammonia,  the  absorption  of  oxygen  proceeds  quickly,  and  a  lemarkaUe 
violet-red  colour  g^radually  developes  itself  in  the  liquid.  If  at  this  stage  the 
liquid  be  supersaturated  with  hydrochloric  acid  in  the  cold,  a  heavy  brick-nd 
crystalline  powder  is  precipitated,  the  roseocohaltie  chloride  (CoCl,,5H,N,H,0; 
G^nth  and  Gibbs) ;  and  this  compound,  if  boiled,  is  converted  into  a  purple  pre- 
cipitate of  purpureocohaliic  chloride  (CoCI,5H,N;  Genth  and  Gibbe),  which 
separates  in  crystals,  leaving  the  solution  nearly  colourless :  this  precipitate  may 
be  dissolved  by  heating  it  in  water  slightly  acidulated  with  hydrochloric  acid, 
and  as  the  liquid  cools,  beautiful  ruby -red  octohedral  crystals  are  formed 
(F.  Clandet).  This  remarkable  compound  is  quite  insoluble  in  boiling  hydro- 
chloric acid,  and  may  be  employed  as  a  means  of  obtaining  chemically  pure  oobah : 
at  a  red  heat  it  loses  ammonia  and  ammonic  chloride,  leaving  cobaltous  chloride. 
The  latter  may  be  reduced  to  the  metallic  state  by  passing  a  current  of  hydrogen 
gas  over  it  in  a  tube  heated  to  redness.  When  digested  with  water  upon  argentic 
oxide,  the  chlorine  is  withdrawn  from  the  new  compound,  whilst  the  oxygen  of 
the  oxide  takes  its  place;  a  red  strongly  alkaline  liquid,  purpureooobaltic  oxide, 
is  thus  produced,  which  unites  with  acids,  and  forma  a  peculiar  class  of  salts : 
this  alkaline  solution  emits  no  smell  of  ammonia. 

Fremy,  in  an  elaborate  series  of  researches  on  the  ammoniacal  compounds  of 
cobalt,  has  shown  (Ann,  de  Chimie,  III.  xxxv.  257)  that,  independently  of  the 
ammoniacal  compounds  obtained  with  the  ordinary  salts  of  the  metal,  and  of 
the  compounds  above  described,  three  other  sets  of  salts  may  be  procured, 
which  he  regards  as  compounds  of  different  oxides  of  cobalt  with  various  propor- 
tions of  ammonia :  the  first  of  these  bases  he  names  oxycohaltia.  Its  salts  crys- 
tallize readily ;  they  have  for  the  most  part  an  olive  colour,  and  may  be  dissolved 
in  a  solution  of  ammonia  without  change,  but  when  placed  in  cold  water  they 
are  decomposed  with  evolution  of  oxygen  and  deposition  of  a  green  basic  salt : 
the  salts  of  this  base  appear  to  contain  a  dioxide  of  cobalt,  which,  however, 
eannot  be  isolated*     The  second  base,  from  the  yellow  colour  of  its  laltsy  he 
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erms  luteocohaltia ;  this  base  has  been  isolated ;  it  baa  a  strongly  alkaline  re* 
motion,  and  its  salts  crystallize  easily.  The  third  base  is  termed  fiucohaltia ; 
it  forms  brown  uncrystallizable  salts.  The  base  of  Claudet's  salts,  which  Fremy 
termed,  from  the  red  colour  of  its  compounds,  roseocohaltia,  is,  according  to 
Gibbs  and  Genth,  a  mixture  of  two  isomeric  bases,  one  of  which,  roseocohaltia, 
neutralizes  3  atoms  of  a  monobasic  acid ;  the  other,  purpureocobaltia,  neutralizes 
only  2  atoms  of  acid.  Further  details  regarding  the  preparpition  of  these  dif- 
ferent compounds  are  also  contained  in  a  paper  by  Gibbs  and  Genth  {CAem,  Oaz, 

1857,  p.  141),  who  have  described  an  additional  series,  to  which  they  give  the 
name  of  salts  of  xantAocobalt,  from  the  brilliant  yellow  colour  of  these  com- 
pounds. The  xanthocobaltic  chloride  (Co,CK;i^,  i  oH,N,2N0,H,0)  may  be  obtained 
in  crystals  by  decomposing  the  sulphate  of  this  base  with  a  solution  of  baric 
chloride;  and  the  sulphate  (Co,0,,ioH,N,2N0,2S0,,H,0)  is  easily  procured  by 
transmitting  a  rapid  current  of  nitrous  acid  through  an  ammoniacal  solution  of 
oobaltous  sulphate^  taking  care  to  preserve  the  alkalinity  of  the  liquid  by  the 
oocasional  addition  of  ammonia.  The  solution  gradually  assumes  a  dark  yellowish- 
brown  colour,  and  if  left  to  evaporate,  spontaneously  deposits  the  sulphate  of  the 
new  base  in  the  form  of  thin  plates  derived  from  the  right  rhombic  prism. 

All  the  compounds  of  each  of  these  bases,  when  boiled  with  a  solution  of 
caustic  potash  or  of  soda,  are  decomposed^  and  hydrated  cobaltic  oxide  is  precipi- 
tated, whilst  ammonia  is  expelled. 

The  following  table  will  afford  a  general  comparative  view  of  these  different 
classes  of  salts,  including  the  double  salts  which  ammonia  forms  with  the  prot- 
oxide of  the  metal ;  they  are  probably  compounds,  of  very  complex  constitution, 
formed  on  the  ammonium  type  :— 

I.  Double  Salts  qf  Ammonia  and  Protoxide  qf  Cobalt. 

ITitrate       ...     Co2NO,.6H,N,2H,0 
Chloride     ...     CoCl,,     6H,N,3H,0. 

2.  Salt*  qf  Oxycobaltia, 

Nitrate       ...     (CoO,J^,0.)5H;^,H,0 
Sulphate     ...     2[(CoO,,SO,)5H,N],3H,0. 

3.  Salts  pf  Luteocobaltia. 

Nitrate       ...     Co3NO,,6H,N 
Chbride     ...     CoCl,,    6H,N. 

4.  Salts  qf  Fuscobaltia, 

Nitrate       ...     Co,0,,2N,0,.8H,N,3H,0 
Chloride     ...     Co,Cl,0,       8H,N,3H,0. 

5.  SdUs  qf  XanthoeobdUia. 

Nitrate       ...     Co,0,,aN,0,,ioH,N,2N0,H,0 
Chloride     ...     Co,OCl,,        ioH,N,2N03,0. 

6.  Salts  qf  Boseocohaltia  (Gibbs  and  Oentk), 

Nitrate       ...     Co,6NO,,ioH,N,2H,0 
Chloride     ...     Co,Cl,,     ioH,N,2H,0. 

7.  Salts  qf  Purpureocobaltia. 

Acid-sulphate     Co,0,4S0^ioH,N,5H,0 
Chloride     ...     Co,Cl,,        ioH,N. 
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(72a)  Sulphides  of  Cobalt. — ^Three  sulpliides  of  this  metil 
may  be  procured^ — a  protosulphide^  CoS ;  a  sesquisulphide,  Cki^S,; 
and  a  disulphide^  CoS^.  The  latter  may  be  obtained  by  heatiBg 
cobaltous  carbonate  with  sulphur^  not  allowing  the  temperature  to 
rise  too  high.  The  most  important  of  these  is  the  protasu^iMde, 
which  may  be  procured  in  a  hydrated  condition  by  precipitatmg 
a  solution  of  cobaltous  acetate  by  sulphuretted  hydrogen^  or  by 
mixing  any  neutral  solution  of  a  cobalt  salt  with  ammonic 
hydrosulphide.  In  this  form  it  speedily  absorbs  oxygen  firom  the 
air^  and  becomes  converted  into  cobaltous  sulphate.  If  a  mixture 
of  cobaltous  oxide  with  potassic  persulphide  (the  liver  of  sulphur) 
be  fused  in  a  covered  crucible,  fused  sidphide  of  cobalt  is  obtained 
at  the  bottom  of  the  crucible.  The  sesquisulphide,  which  is  oc- 
casionally met  with  in  octohedra  of  a  grey  colour^  may  be 
obtained  by  heating  cobaltic  oxide  to  about  500^  (260^  C.)>  id  a 
current  of  sulphuretted  hydrogen. 

(723)  Cobaltous  chloride,  OT  Chloride  of  cobalt  (CoCl^ssijo; 
Sp,  Gr,  2*937)  is  obtained  as  a  lilac-coloured  anhydrous  mass^  by 
passing  chlorine  over  metallic  cobalt ;  it  is  volatile  at  a  high  tem- 
perature.    By  dissolving  cobaltous  oxide  or  carbonate  in  hydro- 
chloric acid^  the  hydrated  chloride  may  be  obtained  in  ruby-red 
octohedral  crystals  with  6Hfi,  of  sp.  gr.  i'84,  which  are  readily 
soluble  in  water  and  in  alcohol ;  its  aqueous  solution  when  con- 
centrated^ or  when  mixed  with  an  excess  of  strong  hydrochloric 
acid^  is  of  a  deep  blue  colour^  but  on  dilution  it  becomes  pink. 
This  dilute  solution  may  be  used  as  a  sympathetic  ink ;  charac- 
ters traced  with  it  on  paper^  though  invisible  when  cold^  become 
blue  by  heat^  and  again  fade  as  the  hygroscopic  moisture  of  the 
paper  is  restored  firom  the  air :  the  colours  of  this  ink  may  be 
varied  at  pleasure ;  the  addition  of  a  small  proportion  of  a  ferric 
salt  renders  it  green ;   a  salt  of  zinc  produces  a  red^  and  one  of 
copper   a  yellow  tint.     Anhydrous   cobaltous   chloride   absorbs 
4  atoms  of  ammonia^  and  if  its  solution  be  mixed  with  an  excess 
of  ammonia  it  deposits  crystals,  consisting  of  CoCly3[(H^N)jO.] 
(724)  Cobaltous  Sclphate,  or  Sulphate  of  cobalt    (Ck>SO^ 
71130=  1554-126;  Sp,  Gr,  anhydrous,  3*531)  is  isomorphous  with 
magnesic  sulphate.    The  anhydrous  salt  contains  38'o6  of  metallic 
cobalt,  or  48'38  of  the  protoxide. 

Cobaltous  Nitrate,  or  Nitrate  of  cobalt  (Co  2  NOj,6HjO= 
1834-108;  Sp.  Gr,  i'83),  is  prepared  by  dissolving  the  oxide  in 
nitric  acid.  It  is  a  deliquescent  salt,  which  is  sometimes  em- 
ployed as  a  reagent  for  the  blowpipe :  a  firagment  of  the  com- 
pound under  examination  is  supported  either  upon  charcoal^  or 
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upon  a  bent  platinum  wire,  and  moistened  with  a  minute  quan- 
tity of  a  strong  solution  of  the  cobaltous  nitrate.  When  treated 
in  this  way,  many  of  the  compounds  of  magnesium  yield  a  pale 
pink-coloured  mass  after  ignition ;  those  of  zinc  give  a  green  re« 
sidue,  and  those  of  aluminum  a  blue. 

K  a  concentrated  solution  of  potassic  nitrite  be  gradually 
added  to  a  solution  of  cobaltous  nitrate  acidulated  with  nitric  or 
with  acetic  acid,  a  beautiful  orange-yellow  compound  is  precipi- 
tated in  microscopic  four-sided  prisms  with  pyramidal  summits : 
it  is  sparingly  soluble.  According  to  A.  Stromeyer,  it  consists 
of  [CooOg,aN305,6KNOj,aH20],  and  contains  iy6  of  metallic 
cobalt.  Minute  quantities  of  cobalt  in  admixture  with  nickel 
may  be  discovered  by  its  means. 

A  hydrated  tricobaltaus  arsemate  (CogaAsO^SHjO),  is  found 
native,  in  minute  crystals,  and  is  known  as  cobalt  bloom, 

(725)  Cobaltous  Cabbonates — Cobalt  resembles  magnesium, 
sine,  nickel,  and  copper,  in  the  circumstance  that  when  solutions 
of  its  normal  salts  are  mixed  with  a  solution  of  sodic  or  potassic 
carbonate,  the  precipitate  which  falls  is  not  a  normal  carbonate, 
but  a  mixture  of  normal  carbonate  with  hydrated  cobaltous  oxide. 
If  the  two  solutions  be  mixed  when  hot,  the  red  precipitate  is  said  to 
have  the  formula  (5CoO,2C02 .  4H2O) .  If  the  salts  be  mixed  at  the 
ordinary  temperature,  the  precipitate  is  of  a  brighter  red,  and  has  a 
composition  (4CoO,aCOj .  7H2O).  If  either  of  these  precipitates 
be  boiled  with  an  excess  of  sodic  carbonate,  it  assumes  an  indigo- 
blue  colour,  and  is  converted  into  the  compound  4CoO,C03 .  4HjO, 
which  absorbs  oxygen  and  becomes  greenduring  washing. 

A  true  normal  carbonate  [3C0CO3 .  aH^O]  is  formed  by 
digesting  either  of  the  basic  cobaltous  carbonates  with  the  so- 
called  bicarbonate  of  sodium  or  ammonium. 

(726)  Chabactebs  op  the  Salts  of  Cobalt. — ^The  crystallized 
cobaltous  salts  are  red ;  when  anhydrous  they  are  usually  lilac- 
coloured.  Their  solutions  when  in  a  very  concentrated  form  are 
blue ;  at  a  particular  stage  of  dilution  they  are  red  when  cold, 
but  become  blue  on  heating  them,  the  red  colour  returning  as  the 
liquid  cools :  when  mixed  with  a  larger  proportion  of  water  they 
exhibit  a  delicate  rose  colour,  and  this  tint  is  perceptible  even 
when  the  solution  is  very  much  diluted.  They  have  an  astringent 
metallic  taste. 

Before  the  blowpipe  the  compounds  of  cobalt  are  easily  recog- 
nized by  the  intense  blue  colour  which  they  communicate  to  a 
bead  of  borax  in  the  oxidating  flame. 
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In  solution  the  salts  which  this  metal  forms  with  the  minenl 
acids  give  no  precipitate  with  ndpJwretted  hydrogen,  if  the  liquid 
be  slightly  acidulated  with  sulphuric  or  hydrochloric  acid  ;  but  the 
cobalt  is  completely  precipitated  by  it  from  a  dilute  neatral  sofai* 
tion  of  the  acetate.  With  hydro-ammofdc  sulphide  they  yield  t 
black  sulphide.  Potassic  carbonate  gives  a  rose-coloured  basic 
carbonate^  which  is  soluble  in  ammonic  sesquicarbonate.  Cauttie 
potash  precipitates  a  blue  basic  salt^  which  by  excess  of  tiie 
alkali  becomes  rose-coloured.  Ammonia  produces  a  similar  tttdd, 
but  readily  dissolves  the  precipitate^  forming  a  brownish  solutioii 
which  absorbs  oxygen  rapidly  from  the  air^  and  becomes  red. 
The  s(duble  oxalates  give  a  sparingly  soluble  pink  cobahom 
oxalate^  soluble  in  nitric  acid  and  in  ammonia.  Potassic  ferro^ 
cyanide  gives  a  dirty  green,  and  potassic  ferricyanide  a  bulky 
reddish-brown  precipitate ;  the  latter  reaction  occurring  even  in 
ammoniacal  solutions. 

(727)  Estimation  of  Cobalt.  —  Cobalt  is  often  estimated  ii 
the  metallic  form.  Supposing  that  no  compound  of  any  oUier 
metal  susceptible  of  precipitation  by  sulphuretted  hydrogen 
be  present,  the  solution  is  to  be  neutralized  by  means  of 
potassic  carbonate,  mixed  with  a  solution  of  potassic  acetate, 
and  the  cobalt  precipitated  as  sulphide  by  a  current  of  sulphu- 
retted hydrogen,  the  precipitate  allowed  to  settle  in  a  beaker 
closed  by  a  glass  plate,  then  collected  on  a  filter  and  washed. 
The  alkalies  are  prevented  from  efiecting  the  complete  precipitsr 
tion  of  cobalt,  as  well  as  of  iron,  nickel,  copper,  and  many  other 
metals,  by  the  presence  of  certain  kinds  of  organic  matter,  such 
as  that  derived  from  the  paper  of  the  filter ;  special  precautions 
are  therefore  required  to  avoid  this  accident.  For  this  purpose 
the  neck  of  the  funnel  with  the  filter  and  its  contents  is  intro- 
duced into  a  small  flask,  a  hole  is  made  with  a  glass  rod  in  the 
bottom  of  the  filter,  and  the  precipitate  is  washed  into  the  flask ; 
the  filter  after  being  moistened  with  concentrated  nitric  acid,  is 
again  washed ;  it  is  then  dried,  burnt,  and  the  ash  added  to  the 
contents  of  the  flask,  which  are  now  boiled  with  nitric  acid  until 
the  cobaltous  sulphide  is  dissolved.  The  liquid  so  obtained  is 
diluted  and  poured  ofi*  from  any  particles  of  undissolved  sulphur, 
and  the  solution  of  cobalt  may  be  evaporated  to  dryness,  then 
mixed  with  sulphuric  acid  to  convert  it  into  sulphate,  and  the 
excess  of  acid  expelled  by  a  moderate  heat.  100  parts  of  cobal- 
tous sulphate  indicate  38  06  of  the  metal.  After  the  sulphide 
has  been  brought  into  solution  by  the  nitric  acid,  the  cobalt  may 
also  be  precipitated  in  the  form  of  hydrated  oxide  by  an  excess  of 
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pure  potash ;  the  oxide  is  then  thoroughly  washed  with  boiling 
water^  dried^  ignited,  and  weighed :  the  black  oxide  thus  procured 
consists  of  CojO^  and  corresponds  to  73*44  of  metallic  cobalt. 
Some  chemists,  however,  prefer  to  reduce  this  oxide  by  heating  it 
in  a  weighed  tube,  in  a  current  of  dry  and  pure  hydrogen ;  but 
the  process  is  not  to  be  recommended,  as,  if  after  the  operation 
the  tube  be  weighed  full  of  hydrogen,  the  weight  is  too  little,  and 
if  the  hydrogen  be  displaced  by  atmospheric  air,  the  finely  divided 
reduced  metal  is  apt  to  become  partially  oxidized. 

(728)  Separation  of  Cobalt  from  the  Mttalt  of  the  Alkalies 
and  Alkaline  Earths,  and  from  Aluminum. — This  is  readily  efiected 
by  converting  the  cobalt  into  acetate,  and  transmitting  sulphu- 
retted hydrogen,  as  has  been  already  mentioned  in  the  preceding 
paragraph.  Another  plan  consists  in  the  addition  of  ammonic 
hydrosulphide  to  the  solution  previously  neutralized  by  ammonia. 
If  alumina  be  present,  it  will  accompany  the  cobalt,  but  if  this 
precipitate  be  redissolved  in  acid,  and  again  thrown  down  by 
means  of  caustic  potash  in  excess,  the  alumina  will  be  retained ; 
the  cobaltous  oxide  is,  however,  apt  to  carry  down  traces  of 
alumina ;  these  may  be  removed  by  treating  the  precipitated  oxide 
by  means  of  a  mixture  of  ammonia  and  ammonic  chloride^ 
which  dissolves  the  cobalt,  but  leaves  any  traces  of  alumina 
which  may  have  accompanied  it.  The  cobalt  is  again  precipi- 
tated by  ammonic  hydrosulphide. 

The  separation  of  cobalt  from  zinc  is  not  easy.  One  of  the 
best  methods  consists  in  precipitating  the  two  metals  together  in 
the  form  of  sulphides,  dissolving  this  precipitate  in  nitric  acid,  and 
then  adding  an  excess  of  potassic  carbonate,  and  evaporating  to 
dryness.  After  the  mixed  carbonates  of  zinc  and  cobalt  have 
been  well  washed,  they  are  heated  in  a  bulb-tube  in  a  current  of 
dried  hydrochloric  acid :  in  this  process  the  carbonic  acid  is  ex- 
pelled, and  the  metals  are  converted  into  chlorides,  whilst  water 
is  formed.  The  open  end  of  the  tube  is  in  this  case  bent  down- 
wards at  a  right  angle,  and  the  aperture  is  made  to  dip  into  a 
small  quantity  of  water  contained  in  a  fiask :  the  zincic  chloride^ 
which  is  volatile,  is  carried  forward  in  the  current  of  gas ;  a  por- 
tion of  it  is  condensed  in  the  bend  of  the  tube,  and  the  remainder 
is  dissolved  in  the  water  placed  for  its  reception.  Cobaltous 
chloride  alone  remains  in  the  bulb.  The  portion  of  the  tube  in 
which  the  zincic  chloride  has  been  condensed  is  cut  ofi"  when  the 
operation  is  complete,  and  is  allowed  to  fall  into  the  fiask.  The 
zinc  and  the  cobalt  are  then  easily  determined  separately  by  the 
usual  methods. 
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§  II.  Nickel:  (Hi'' =59).     Sp.  Gr.  8-82. 

(729)  Nickel  is  a  metal  the  peculiar  characters  of  vrtiA 
were  first  recognized  in  1751  by  Cronstedt:  it  has  a  remariciUe 
analogy  with  cobalt,  and  always  occurs  associated  with  it  in  nature, 
both  as  a  constituent  of  meteoric  iron,  and  in  its  ores,  whidi 
present  a  composition  similar  to  those  of  cobalt.  It  is  moit 
abundant  in  the  form  of  kupfemickel  (arsenide  of  nickel),  and  is 
extracted  either  from  this  ore  or  from  speiss,  which  is  an  impure 
arseniosulphide  of  nickel,  formed  during  the  manufacture  of  smalt 
(720). 

Preparation, — As  the  metal  itself  is  now  extensively  used  in 
alloys,  of  which  German  silver  is  one  of  the  most  important,  great 
pains  have  been  taken  to  procure  it  in  a  state  of  comparatiTe 
purity,  and  several  processes  have  been  proposed. 

I. — According  to  Louyet,  the  method  by  which  nickel  ia  ex- 
tracted from  speiss  at  Birmingham  on  the  large  scale  is  as  follows  >-^ 
The  speiss  is  first  fused  with  chalk  and  fluor-spar,  the  metallife- 
rous mass  so  obtained  is  reduced  to  powder,  and  roasted  fortwcbc 
hours  to  expel  the  arsenic ;  the  residue  is  next  dissolved  in  hydro- 
chloric acid ;  the  solution  is  diluted,  and  the  iron  converted  into 
a  ferric  salt  by  the  cautious  addition  of  bleaching  powder.  Milk 
of  lime  is  then  carefully  added  so  long  as  ferric  oxide  falls,  which 
carries  down  with  it  the  last  portions  of  arsenic  :  this  precipitate 
is  well  washed,  and  the  liquid,  which  retains  all  the  cobalt  and 
nickel,  is  treated  with  a  current  of  sulphuretted  hydrogen ;  the 
sulphides  of  copper,  bismuth,  and  lead,  are  thus  precipitated,  and 
are  thoroughly  washed.  All  the  nickel  and  cobalt  still  remains 
in  the  liquid ;  this  liquid  is  boiled  to  expel  sulphuretted  hydrog^, 
neutralized  with  lime,  and  is  again  treated  with  chloride  of  lime : 
the  whole  of  the  cobalt  is  thus  thrown  down  as  sesquioxide :  after 
which  the  whole  of  the  nickel  is  separated  from  the  solution  in 
the  form  of  hydrated  protoxide  by  adding  milk  of  lime  so  long 
as  any  precipitate  is  produced. 

2. — Nickel  may  be  obtained  pare  npon  a  small  scale,  by  disfiolving  the 
roasted  ore  in  aqua  regia,  evaporating  to  expel  the  excess  of  acid,  redissolviog  in 
water,  and  transmitting  a  current  of  sulphuretted  hydrogen.  The  filtered  liquid 
is  boiied  with  nitric  acid,  to  convert  the  iron  into  a  ferric  salt ;  the  solutioo  it 
precipitated  by  an  excess  of  caustic  ammonia,  filtered  from  the  ferric  oxide,  and 
to  the  blue  liquid  caustic  potash  is  added  until  the  blue  tint  nearly  disappears ; 
a  pale  green  precipitate,  consisting  of  hjdrated  nickel  oxide  and  potash,  is  thoi 
obtained,  which  must  be  well  washed  with  hot  water  to  remove  the  potaah,  and 
then  reduced  by  ignition  in  a  current  of  hydrogen  gas :  when  obtained  in  this 
manner  it  is  generally  p}Tophoric.  If  heated  for  an  hour  by  means  of  a  black- 
smith's  forgtf,  in  a  crucible  lined  with  charcoal,  a  well- fused  button  of  carbide  of 
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nickel  is  prodaoed.  A  button  of  the  pure  metal  maj  howerer  be  procured  by 
heating  nickel  oxalate  intensely  in  a  crucible  with  a  Inted  cover,  without  anj 
other  reducing  agent  than  the  carbonic  oxide  i^imished  by  its  own  decomposition. 
3. — It  may  iJso  be  obtained  in  lamina?  by  the  electrolysis  of  a  solution  of  the 
ammonio-nickel  sulphate  (NiS0^,(H^N),S0^,6E[,0). 

Properties. — Pure  nickel  is  a  brilliant^  silrer-white,  hard^  but 
ductile  metal^  little  more  fusible  thau  iron^  wbicb^  according  to 
Deville^  it  even  surpasses  in  tenacity.  At  ordinary  temperatures 
it  is  susceptible  of  magnetism,  but  it  loses  this  property  almost 
entirely  if  heated  to  a  point  exceeding  626^  (330^  C.),  though  it 
recovers  its  magnetic  power  on  cooling.  Nickel  becomes  oxidized 
by  exposure  to  a  current  of  air  at  a  high  temperature.  The  metal 
is  easily  attacked  at  ordinary  temperatures  by  chlorine  or  bromine 
if  suspended  in  water.  It  is  also  readily  dissolved  by  nitric  acid 
and  by  aqua  regia^  and  is  dissolved  slowly  with  evolution  of 
hydrogen  by  diluted  sulphuric  or  by  hydrochloric  acid.  Owing 
to  the  remarkable  whitening  power  which  nickel  exerts  on  brass, 
it  is  now  much  used  in  the  manufacture  of  packfong,  or  German 
silver,  a  compound  of  sine,  nickel,  and  copper,  in  which  the  pro- 
portions of  the  metals  may  vary  considerably.  A  good  alloy  con« 
sists  of  5  equivalents  of  copper,  3  of  zinc,  and  2  of  nickel,  or,  in 
100  parts,  of  51  of  copper,  30*6  of  zinc,  and  18*4  of  nickel.  Pack- 
fong  is  of  a  yellowish- white  colour,  and  when  freshly  polished 
closely  resembles  silver  in  appearance.  Tuienag  is  the  name  given 
by  the  Chinese  to  a  similar  alloy,  consisting  of  8  parts  of  copper, 
6^  of  zinc,  and  3  of  nickel. 

The  native  arsenides  of  nickel  are  important,  as  they  form 
tiie  princij>al  ores  of  the  metal.  Kvpferrdckel  (NiAs)  is  true 
nickel  arsenide ;  it  contains  44  parts  of  nickel  to  56  of  arsenicum ; 
part  of  the  arsenicum  in  this  ore  is  sometimes  displaced  by  an 
equivalent  amount  of  antimony.  It  has  a  reddish  colour  and  a 
metallic  lustre.  It  is  not  attacked  by  hydrochloric  acid,  but  is 
soluble  in  nitric  acid,  and  is  decomposed  when  heated  in  air  or  in 
a  current  of  chlorine.  Arsenical  nickel  (NiAs,)  is  another  native 
ccnnpound  of  the  two  metals :  by  ignition  in  closed  vessels  it  loses 
half  its  arsenicum,  and  becomes  converted  into  kupfemickel.  A 
compound  of  nickel  with  arsenicum  and  sulphur,  corresponding 
to  mispickel,  and  known  as  nickel  glance  (NiSAs),  is  also  found 
native. 

(730)  OxiDBS  07  NiCKiL. — ^Nickd  forms  two  oxides ;  a  prot- 
oxide, NiO,  and  sesquioxide,  Ni^O,.     The  first  only  forms  salts. 

Nickelaus  oxide ,  or  Protoxide  of  nickel  (NiO =75);  Sp.  Gr. 
5*75  f  Comp,  in  100  parts,  Ni,  78*67 ;  O,  ai*33. — ^This  oxide  may  be 
obtained  in  the  anhydrous  form  l^  igniting  tiie  nitrate  or  the 
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carbonate  of  the  metal  in  a  covered  crucible^  wlien  it  is  left  of  is 
oliye-green  colour.  It  may  be  precipitated  fitim  its  salts  hj 
potassic  hydrate,  as  a  bulky  light-green  hydrate  (NiO^H^O  ?),  sad 
may  be  obtained  crystallised  by  decomposing  the  aolutian  of 
nickel  carbonate  in  ammonia  by  ebullition.  Nickeloiis  oxide 
is  readily  soluble  in  acids,  forming  salts  which  have  a  pale  gieea 
colour.  It  yields  insoluble  compounds  with  potash  and  with  sods, 
which,  however,  may  be  decomposed  by  frequent  waahings  wiA 
boiling  water.  Baryta,  strontia,  and  several  other  bases  also  fiorm 
with  it  insoluble  compounds ;  ammonia  dissolves  it,  forming  a  de^ 
blue  solution.  A  solution  of  ammonic  chloride  also  dissolves  it 
slowly. 

The  sesquiaxide  (Ni,0,  ^  166)  is  a  black  powder  which  msy  be  procond  m 
a  hydrate  with  3^fi,  bj  treating  the  hjdrated  protoxide  with  m  aoliitiao  of 
chloride  of  soda.  It  does  not  combine  with  adds,  and  gives  off  a  portioa  of  iti 
ozjgen  by  ignition,  or  by  heating  it  with  nitric  or  sulphuric  actds,  which  fim 
with  it  salts  of  the  protoxide. 

(731)  Sulphides  of  Nickel. — ^Three  of  these  compounds  sre 
known ;  a  subsulphide,  a  protosulphide,  and  a  disulphide.  Hie 
protostilphide  (NiS  =  9i)  occurs  native  as  millerite  in  greyish  or 
yellowish  capillary  crystals,  which  are  insoluble  in  hydrochloiic, 
but  soluble  in  nitric  acid :  it  may  be  formed  artificially  by  fbsioii 
of  sulphur  with  nickel.  It  may  also  be  procured  by  fusing 
a  persulphide  of  one  of  the  alkali-metals  with  diarsenide  €d 
nickel,  and  is  left  in  yellow  crystalline  scales.  A  black  hydrste 
of  this  sulphide  is  produced  when  a  salt  of  nickel  is  precipitated 
by  ammonic  hydrosulphide ;  in  this  form  it  absorbs  oxygen 
from  the  air,  and  is  gradually  converted  into  nickel  sulphate. 
The  subsulphide  (Ni^S)  may  be  formed  by  reduction  of  nickd 
sulphate  by  means  either  of  charcoal  or  of  hydrogen  gas.  The 
disulphide  (NiS^)  is  left  as  a  steel-grey  powder  on  treating  with 
water  the  mass  obtained  by  heating  to  redness  an  intimate  mix- 
ture of  nickel  carbonate,  potassic  carbonate,  and  sulphur. 

(73:1)  Nickel  Chloride,  or  Chloride  of  nickel  (NiCl3=i3o), 
is  formed  by  dissolving  the  oxide  in  hydrochloric  acid.  Its 
solution,  on  evaporation,  yields  green  hydrated  crystals  with 
pHjjO;  by  heat  it  may  be  obtained  as  a  yellowish-brown  an* 
hydrous  mass,  which  at  a  high  temperature  is  volatile,  and  con- 
denses in  yellow  crystalline  scales,  which  are  dissolved  slowly  by 
boiling  water.  If  heated  in  a  current  of  air,  a  portion  of  tl^ 
chlorine  is  expelled,  and  a  corresponding  quantity  of  nickeloiis 
oxide  is  formed. 

(733)  Nickel  Sulphate,  or  Sulphate  of  nickel  (NiSO^ 
711^0=155  +  126). — ^This    salt  may  be  obtained    by    dissolving 
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metallic  nickel^  or  its  oxide  or  carbonate,  in  sulphuric  acid.  It 
crystallizes  in  green  rhombic  prisms,  which  require  3  parts  of  cold 
water  for  solution :  the  prismatic  crystals,  when  exposed  to  light, 
are  converted  into  small  regular  octohedra,  aggregated  together 
in  the  form  of  the  original  crystal,  which  becomes  opaque.  It 
may  be  obtained  in  octohedra  at  once  with  611  fi  {sp.  gr,  2*03 7), 
by  crystallizing  at  a  temperature  between  59®  and  77®  (15°  and 

A  potassia-nickel  sulphate  (NiS0^,E,S0^.6H,0 ;  sp,  gr.  anhydrous^ 
2*897,  cryst,  2*190)  may  be  formed  by  adding  caustic  potash  to  the  impure 
solution  of  spei^,  and  by  repeated  crystallizations  may  be  freed  from  all  un- 
pnrities  except  traces  of  iron  and  cobalt :  it  was  at  one  time  used  as  a  means  of 
purifying  nickel  fur  commercial  purposes.  Other  double  sulphates  of  nickel  may 
be  formed.  Each  atom  of  nickel  sulphate  in  the  solid  form  absorbs  6  atoms 
of  ammoniacal  gas.  An  insoluble  basic  sulphate  is  obtuned  by  adding  to  a 
solution  of  the  normal  sulphate  a  quantity  of  potassic  hydrate  insufficient  for  its 
complete  decomposition. 

(734)  Nickel  Cabbonates. — ^There  are  several  basic  nickel  carbonates, 
of  a  green  colour.  The  normal  carbonate  is  precipitated  as  a  crystalline  powder, 
when  a  solution  of  nickel  nitrate  b  poured  into  a  large  excess  of  a  solution  of 
hydrosodic  carbonate  (bicarbonate  of  soda). 

(735)  Characters  of  the  Salts  op  .Nickel. — ^The  salts  of 
this  metal  are  of  a  delicate  green  colour^  both  when  in  the  solid 
state  and  when  in  solution ;  they  redden  blue  litmus  feebly.  They 
have  a  sweetish  astringent  metallic  taste^  and  when  taken  inter- 
nally excite  vomiting. 

B^ore  the  blowpipe,  the  salts  of  nickel  give  in  the  oxidating 
flame  with  borax  a  reddish-yellow  glass^  which  becomes  much 
paler  as  it  cools.  The  addition  of  a  potassium  salt  colours  the 
bead  blue.  In  the  reducing  flame^  greyish  particles. of  reduced 
nickel  are  disseminated  through  the  bead. 

In  solution^  sulphuretted  hydrogen  gives  no  precipitate  if  the 
liquid  be  acidulated  with  sulphuric  acid;  but  it  precipitates  a 
diluted  solution  of  nickel  acetate^  if  nearly  neutral^  very  per- 
fectly when  aided  by  a  gentle  heat.  Hydro-ammonic  sulphide 
gives  a  black  sulphide  slightly  soluble  in  excess  of  the  precipitant^ 
forming  a  dark-brown  solution.  Ammonia  gives  a  pale  green 
precipitate,  soluble  in  excess  of  ammonia,  forming  a  bright  blue 
solution,  from  which  an  excess  of  potash  precipitates  a  green 
compound  of  nickelous  oxide  and  potash.  Potassic  and  sodic 
hydrates  throw  down  a  pale-green  bulky  hydrated  nickelous  oxide^ 
insoluble  in  excess  of  the  alkali.  The  carbonates  of  the  alkali^ 
metals  give  a  pale  apple-green  precipitate  of  basic  nickel  car- 
bonate, which  is  readily  soluble  in  ammonic  sesquicarbonate. 
Potassic  ferrocyanide  gives  a  greenish  white,  and  potassic  ferricy- 
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anide  a  veUowish-green  precipitate,  both  of  wUch  mae  aoliihfe  k 
bydrochloric  acid.  Hydnhpota$nc  axaiaie  in  a  neutral  aohitiaBy 
if  not  too  dilate,  causes  the  deposition  of  a  greenish-white 
sparingly  soluble  nickelo-potassic  oxalate  solnUe  in  cxeos  of 
ammonia. 

(736)  Estimation  of  Nickel. — ^Nickel  is  best  estimated  in  Ae 
form  of  protoxide,  which,  when  precipitated  by  means  of  caartie 
potash,  requires  patient  washing  with  hot  water  to  remore  the 
adhering  alkali :  100  parts  of  nickelous  oxide  contain  78*67  of 
the  metal. 

Separatum  of  Nickel  firnn  the  Alkaliee  and  Earths,  amd  from 
Zinc. — For  this  purpose  the  same  processes  as  those  adopted  fer 
the  separation  of  cobalt  (728)  may  be  employed. 

(737)  Separation  from  Cobalt. — ^The  following  method,  adnsed 
by  Liebig  and  slightly  modified  by  Hadow,  is  the  best  for  this 
purpose.  The  nitric  solution  of  the  cobalt  and  nickel  haymg 
been  freed  from  all  other  metab  except  potassium  or  sodinm,  afier 
being  nearly  neutralised  with  potassic  carbonate,  is  mixed  with 
an  excess  of  hydrocyanic  acid,  and  then  with  pure  caustic  potash, 
after  which  the  mixture  is  left  exposed  to  the  air  in  a  shallow 
open  dish  for  a  few  hours.  During  this  time  oxygen  is  absorbed, 
and  the  liquid  acquires  a  pale  yellow  colour.  A  tripotassic  eo- 
balticyanide  (K^CJoCy^)  is  formed,  and  a  nickelo-potassic  cyanide 
(2KCy,NiCy2)  is  produced  at  the  same  time.  The  formation  of 
the  cobalticyanide  may  be  traced  as  follows  :  oobaltous  cyanide  is 
first  formed;  2HCy  +  CoO=CoCy,+  HjO,  and  this  cyanide,  by 
exposure  to  air  with  an  excess  of  potassic  cyanide  and  hydrocyanic 
acid,  yields  tripotassic  cobalticyanide,  whilst  oxygen  is  absorbed 
and  water  is  separated;  4CoCyg  +  12  KCy  +  4HCy  -f  Oj=s 
^lLfioCY^'\'lYifi.  The  nickelo-potassic  cyanide  is  yery  simply 
formed ;  for  with  nickel  no  compound  corresponding  to  the  co- 
balticyanide is  obtained;  4KCy-fNiO  +  HjO=2KCy,NiCy,+ 
2KHO.  If  the  strongly  alkaline  solution  be  now  boiled  and  a 
solution  of  mercuric  nitrate  be  added  in  slight  excess,  so  as  to 
produce  a  precipitate  which,  from  its  yellowish  colour,  shows  that 
the  mercuric  oxide  is  in  excess,  the  nickel  salt  is  decomposed, 
hydrated  nickelous  oxide  is  precipitated,  and  mercuric  cyanide  ii 
produced ;  2KCy,NiCy,  ^  HgO + H^O = 2KCy,HgCyj + NiOH^O. 

Potassic  cobalticyanide  is  not  decomposed  by  mercuric  oxide, 
but  remains  in  solution,  and  may  be  filtered  from  the  nickelous 
oxide,  which  requires  to  be  carefully  ignited  in  a  platinum  cm* 
cible  till  it  ceases  to  lose  weight.  After  cautiously  neutralizing 
the  filtrate  with  nitric  acid,  the  cobalt  may  then,  by  the  addition 
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of  a  solution  of  mercorous  nitrate,  be  precipitated  as  a  white 
mercurous  cobalticyanide :  the  precipitate  is  collected,  dried,  and 
ignited  in  a  porcelain  crucible,  when  pure  cobaltous  oxide  is  left. 
K,  instead  of  precipitating  the  mixed  cyanides  by  means  of 
mercury,  a  solution  of  chloride  of  soda  be  added  in  excess  to  the 
boiling  alkaline  liquid,  in  quantity  sufficient  to  destroy  the  free 
potassic  cyanide,  the  nickel  is  precipitated  of  an  intense  black 
as  sesquioxide ;  in  this  form  it  may  be  readily  washed,  and  by 
ignition  it  may  be  converted  into  the  protoxide,  in  which  state  it 
may  be  weighed.  Ti*aces  of  nickel  which  escape  discovery  by 
other  methods  may  thus  often  be  detected  in  cobalt.  Care  must 
be  taken  to  ascertain  the  absence  of  manganese,  as  it  would  go 
down  with  the  nickel,  accompanied  by  traces  of  iron^  if  the  latter 
metal  were  present. 

§  III.  Uranium:  (U=rao)-     Sp.  Gr.  18*4. 

(738)  Uranium  is  a  metal  the  compounds  of  which  are  but 
sparingly  distributed  over  the  surface  of  the  earth.  It  was  origi- 
nally discovered  by  Klaproth,  in  pitchblende,  which  contains  nearly 
80  per  cent,  of  the  black  uranium  oxide  (aUO,U205) ;  the  re- 
mainder of  the  mass  consists  of  variable  quantities  of  copper,  lead, 
iron,  arsenicum,  and  frequently  of  cobalt  and  nickel.  Uraniie, 
which  is  a  mineral  of  micaceous  structure,  of  rarer  occurrence, 
consists  of  a  hydrated  calcic  diuranic  diphosphate  {CB,"7,{\Jfi^Y' 
aP0^8H20].     Chalcolite   lCvi''2(Ufi^''2T?0^811fi]  is  a  similar 

mineral,  in  which  copper  takes  the  place  of  calcium. 

In  order  to  extract  uranium  from  pitchblende,  the  mineral  is  heated  to  red* 
ness,  and  thrown  whilst  red-hot  into  water,  after  which  it  admits  of  being  readily 
pulverized :  Ebelmen  then  treats  the  ore  in  the  following  manner : — The  fine 
powder  is  washed  with  diluted  hydrochloric  acid,  heated  with  charcoal,  and 
digested  in  strong  hydrochloric  add,  by  which  the  earthy  matters  and  most  of 
the  iron,  arsenic,  and  sulphur  are  removed :  the  washed  residue  is  roasted  and 
then  treated  with  nitric  acid ;  the  solution  thus  obtained  is  evaporated  nearly  to 
dryness,  to  expel  the  excess  of  acid,  and  is  dUuted,  by  which  means  most  of  the 
ferric  arseniate  is  precipitated.  Sulphuretted  hydrogen  is  then  transmitted 
through  the  filtered  solution,  and  the  liquid  is  filtered  from  the  sulphides  of 
copper,  lead,  and  arsenic  thus  thrown  down ;  after  which  it  is  again  evaporated 
until  crystals  of  uranic  nitrate  begin  to  be  formed.  This  salt  is  decomposed  by 
heating  it  to  redness,  and  the  uranium  oxide  which  is  left  is  mingled  with  char^ 
coal  and  heated  in  a  glass  tube  through  which  a  cunent  of  dry  chlorine  is 
passing ;  carbonic  anhydride  and  carbonic  oxide  are  thus  formed,  and  a  volatile 
green  uranous  chloride  (UCl^  sublimes.  This  chloride,  when  heated  with  potas* 
sium  in  a  platinum  crucible,  yields  potassic  chloride  and  metallic  uranium: 
intense  heat  is  evolved  during  the  reaction  of  the  potassium  on  the  uranous  chlo- 
ride, and  the  resulting  metal  is  partially  fused.  The  isolation  of  metallic  uranium 
is  due  to  P^ligot  {Ann,  de  Chimie,  III.  v.  5),  the  substance  originally  supposed 
to  be  the  metal  having  been  proved  by  him  to  be  its  protoxide. 
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Uranium  as  thus  obtained  is  of  a  steel- wliite  colour :  it  appem 
to  be  slightly  malleable ;  it  is  not  oxidized  hj  exporaie  to  air  or 
to  water  at  ordinary  temperatures :  but  if  heated  in  the  air  it  buns 
brilliantly :  sulphuric  and  hydrochloric  acids  dissolre  it  with  ex- 
trication of  hydrogen  gas.  In  its  chemical  relations  it  in  some- 
what analogous  to  iron  and  manganese. 

(739)  Uranium  Oxides. — Uranium  forms  two  princijwl  oxides, 
a  protoxide,  or  uranous  oxide,  \50,  and  a  sesquioxide,  or  urame 
oxide,  U3O3;  besides  these  a  suboxide  (U^Oj?)  appears  to  exist: 
two  intermediate  oxides  may  also  be  obtained^  the  black  oxide, 
aUO^UjOg,  and  the  ffreen  oxide,  U0,Uj03. 

The  protoxide,  or  uranous  oxide  (UO=i36),  may  be  obtained 
in  several  ways :  one  of  the  easiest  consists  in  igniting  nranic 
oxalate  in  closed  vessels,  or  in  a  current  of  hydrogen.  In  its  an- 
hydrous state  the  dilute  acids  are  without  action  upon  it,  but  its 
hydrate,  which  may  be  obtained  in  reddish-brown  floccnii,  by 
adding  ammonia  to  a  solution  of  uranous  chloride,  UCI^,  is  readily 
soluble  in  the  acids ;  it  forms  green  crystallizable  salts^  which  have 
a  strong  tendency  to  absorb  oxygen. 

The  black  oxide  (:zU0,Uj03)  may  be  procured  by  heating  the 
protoxide  to  bright  redness,  and  suddenly  cooling  it,  or  by  ignit- 
ing uranic  nitrate.  It  furnishes  a  pure  and  intense  black,  highly 
prized  for  colouring  porcelain. 

The  green  oxide  (UO,U203;  9p.  gr.  7*31),  which  corresponds 
in  composition  to  the  magnetic  oxide  of  iron,  is  procured  by  heat- 
ing the  black  oxide  moderately  in  a  current  of  oxygen  or  in  the 
open  air ;  by  more  intense  ignition  it  becomes  re-converted  into 
the  black  oxide,  and  is  again  partially  re -oxidized  as  it  cools. 
It  is  soluble  in  hot  concentrated  sulphuric  acid,  but  does  not 
form  distinct  salts. 

The  sesquioxide,  or  uranic  oxide  (U^Oj),  partakes  of  the  cha- 
racter both  of  an  acid  and  of  a  base.  It  is  with  difficulty  obtained 
in  a  pure  state.  By  exposing  uranic  oxalate  to  the  sun's  rays,  a 
brownish-violet  powder,  which  is  a  hydrate  of  the  green  oxide 
(Uj0^3H20),  is  deposited,  while  carbonic  anhydride  makes  its 
escape :  tins  precipitate  absorbs  oxygen  on  exposure  to  the  air, 
and  becomes  converted  into  a  greenish-yellow  mass,  which,  accord- 
ing to  Ebelmen,  is  a  hydrated  sesquioxide  (\Jfi^2Jlfi).  The 
sesquioxide  may  be  obtained  id  the  anhydrous  state  as  a  brick-red 
powder,  by  heating  this  hydrate  to  a  temperature  not  exceeding 
57^°  (300®  C.)  Uranic  oxide  reacts  readily  with  acids,  and  forms 
salts  of  a  bright  yellow  colour.  Pfligot  found  that  the  oxide 
(UO)  evinced  a  strong  tendency  to  unite  with  elementary  bodies 
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like  a  metal^  and  hence  he  proposed  to  call  it  uranyl,  and  he  ex- 
plained the  fact  that  the  normal  uranic  salts  are  all  formed  bj  the 
action  of  uranic  oxide  upon  two  atoms  of  a  monobasic  acid  instead 
of  on  six  atoms.  Uranic  nitrate^  for  instance,  which  furnishes  long 
striated  prisms,  consists,  eyen  when  crystallized  from  a  strongly 
acid  solution,  of  (Uj0j)"aN0j,6H,0.  Numerous  uranic  double 
salts  have  also  been  formed ;  uranico-potassic  sulphate  consists  of 
{E^(Ufl^''2S0^2Ufi).  K  an  attempt  be  made  to  procure 
uranic  oxide  by  decomposing  the  solutions  of  these  salts  by  the 
addition  of  an  alkali,  an  insoluble  yellow  precipitate,  consisting 
of  a  compound  of  the  sesquioxide  with  the  alkali,  frequently 
called  a  uranate  of  the  base,  falls ;  potassic  uranate  has  the  for- 
mula, 'KjdfOjJfi^  and  the  other  similar  compounds  have  a  cor- 
responding composition;  this  compound  cannot  be  decomposed 
even  by  boiling  water :  the  commercial  yellow  oxide  is  a  hydrate 
retaining  about  2  per  cent,  of  ammonia,  from  which  heat  expels 
the  water  and  ammonia,  and  also  converts  the  sesquioxide  into 
the  black  or  the  green  oxide.  The  compounds  of  uranic  oxide 
with  the  earths,  however,  stand  a  strong  heat  without  decompo- 
sition, and  are  employed  to  communicate  a  beautiful  and  peculiar 
yellow  to  glass. 

(740)  Ubanittm  Chlobidjes. — Uraniam  fomu  two  chlorides,  one  (^,01,) 
oorresponding  to  the  saboxide,  and  another,  UCl,,  corresponding  to  uranoos  oxide, 
besides  an  oxychloride  (UOCl).  The  diehloride  (UCl,),  uranous  eklaride 
(P^ligot's  protochloride)  is  a  green,  volatile,  deliquescent  compoand,  which  is  de- 
composed by  water ;  the  method  of  preparing  it  has  already  been  described  (738). 
If  dry  hydrogen  gas  be  transmitted  over  uranoos  chloride,  while  it  is  being 
heated  to  redness  in  a  glass  tube,  a  sesquiekloride  (U,C1^  is  prodaoed ;  it  crys- 
tallizes in  slender  dark-brown  needles,  which  are  bat  slightly  volatile ;  they  are 
very  soluble  in  water,  and  form  a  deep  purple  solution,  from  which  ammonia 
throws  down  a  brown  suboxide ;  this  oxide  absorbs  oxygen  from  the  air  rapidly. 
An  oxychloride  (UOCl),  or  (U,0,,UC1^,  somewhat  analogous  to  chlorochromio 
add  (789),  is  formed  by  passing  chlorine  over  uranous  oxide,  constituting  P^ligot's 
chloride  qf  uranyl :  it  is  deliquescent,  and  forms  a  yellow  solution  with  water ; 
with  the  chlorides  of  the  alkali-metals  it  yields  remarkable  double  salts ;  the 
double  salt  with  potassic  chloride  consists  of  (KC1,U0C1,H,0),  and  crystallizes  in 
rhombic  tables  of  a  greenish-yellow  colour. 

(741)  Characters  op  the  Uranium  Compounds. — i.  The 
uranous  salts  have  a  green  colour^  and  have  a  strong  tendency  to 
form  double  salts  with  salts  of  the  alkali-metals  which  contain  the 
same  acid  as  themselves.  In  solutions  of  the  uranous  salts^ 
ammonia  and  the  alkalies  give  a  gelatinous^  bladdsh-brown  pre- 
cipitate of  hydrated  uranous  oxide :  this  precipitate  absorbs  oxygen 
and  becomes  yellow  from  the  formation  of  uranic  oxide^  which 
unites  with  the  excess  of  alkali.  Sulphuretted  hydrogen  produces 
no  precipitate;  but  ammonic   hydrosulphide    occasions  a  black 
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deposit  of  sulplude  of  uraniam.  Ammame  oxalaie  giTei  i 
greenish- white  precipitate  of  uranous  oxalate.  SolntioiiR  of  the 
green  salts  of  uranium  absorb  oxygen  rapidly^  and  are  oonyerted 
by  nitric  acid  into  uranic  salts^  even  without  the  aid  of  heat 

2. — The  uranic  salts  are  yellow.  Their  solutioiis  give  with 
ammonia  a  yellow  precipitate,  consisting  of  ammonic  uranate: 
with  potassic  fearrocyanxde  they  yield  a  hair-brown  precipitate. 
By  the  action  of  ammonia  they  are  distinguished  at  once  fipom 
the  compounds  of  copper,  which  give  a  blue  solution  on  the  addi> 
tion  of  an  excess  of  ammonia^  though  they  yield  a  precipitate 
with  the  ferrocyanide  similar  in  colour  to  that  furnished  by  the 
salts  of  uranium.  Sulphuretied  hydrogen  produces  no  precipitate; 
but  ammonic  hydrosulphide  gives  a  yellowish- brown  sulphide. 
Carbonates  of  the  alkali-metals  give  a  yellow  granular  precipitate, 
soluble  in  excess  of  the  precipitant ;  these  precipitates  are  doable 
carbonates  of  uranium  and  the  alkali-metal  emjdoyed.  With  m* 
fusion  of  nut-galls  a  dark-brown  precipitate  is  produced. 

(742)  EstinuUion  of  Uranium, — Uraniam  is  usually  estimated  in  the  ftnn 
of  protoxide,  to  which  it  is  reduced  by  heating  the  sesquioxide  to  rednen  in  a 
glass  tube  in  a  current  of  hydrogen ;  the  tube  must  be  sealed  up  whilst  full  of 
hydrogen,  and  weighed  in  this  condition,  to  prevent  the  oxide  from  reabsorbiiig 
oxygen  from  the  air. 

Uranium  is  separated  from  the  alkalies  by  converting  it  into  a  uranic  salt  by 
nitric  acid,  if  not  already  in  that  condition,  and  then  precipitating  it  in  the  Ann 
of  yellow  ammonic  uranate.  If  barium,  strontium,  calcium,  or  magnesium  bt 
present,  the  addition  of  sulphuric  acid  separates  the  first  two  in  the  form  of  sul- 
phates ;  if  calcium  or  magnesium  be  present,  the  solution  is  filtered  from  the 
precipitate,  the  filtrate  evaporated  to  dryness,  and  then  heated  with  alcohol  of 
specific  gravity  0900 ;  the  calcic  and  magnesic  sulphates  remain  unacted  1900, 
while  the  uranic  sulphate  is  dissolved. 

Aluminum,  glucinum,  zinc,  cobalt,  and  nickel  may  be  separated  firom  sn- 
nium  by  adding  hydropotassic  carbonate  in  excess  to  the  acidulated  lolutiaii :  s 
uranico-potassio  carbonate  remains  in  the  liquid,  while  the  earthfl,and  other  metalhe 
oxides,  are  precipitated.  For  the  success  of  this  experiment  it  is  neoeesaiy,  if 
salts  of  ammonium  be  present,  that  they  should  be  expelled,  by  evaporating  the 
solution  to  dryness  and  igniting  the  residue,  before  effecting  the  precipitation  cf 
the  various  bases  with  the  hydropotassic  carbonate. 

§  IV.  Ieon  (Ferrum) :  Fe''=56 ;  Sp.  Gr.  7*844;  Dyad  in 
the  ferrous  Salts,  as  FeCl^ ;  Triad  in  the  ferric  Salts, 

as  FegCV 

(743)  Condition  of  Iron  in  Nature. — Iron  is  more  extensively 
diffused  than  any  other  metal :  not  only  is  it  abundant  in  the 
inorganic  creation^  but  it  is  an  essential  constituent  in  the  blood 
of  the  vertebrate  animals. 

Iron  has  been  occasionally  found  in  the  native  form  accom* 
panying  the  ores  of  platinum ;  but  when  it  occurs  in  the  metallic 
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state  it  is  generally  met  with  in  meteoric  masses  associated  with 
nickel,  cobalt,  and  small  quantities  of  other  metals,  among  which 
are  copper,  manganese,  and  chromium.  Some  of  these  masses 
which  have  fallen  in  an  ignited  state  from  the  atmosphere  are  of 
very  considerable  size.  One  discovered  in  Siberia,  by  PaUas, 
weighed  725  kilos.,  or  1600  lb.,  and  a  block  found  in  the  district 
of  Chaco-Gualamba,  in  South  America,  is  estimated  at  between 
13  and  14  tons  weight.  These  extraordinary  bodies  are  unim« 
portant  as  sources  of  iron. 

Aerolites,  or  meteoric  stoDes,  may  be  Bubdivided  into  three  principal  groups, 
the  first  of  which  consists  of  metallic  masses,  and  these  are  the  most  common : 
the  second  variety  contains  no  metallic  iron,  but  consists  often  of  crystalline 
minerals ;  and  the  third  not  uncommon  form  is  composed  of  a  mixture  of  the 
metallic  and  earthy  variety  in  the  same  specimen.  These  different  kinds  of 
aerolites  are  usually  inclosed  in  a  thin  crust  or  rind  of  a  millimetre  or  two  in 
thickness,  presenting  a  glossy,  pitch-like,  or  veined  surface.  The  crystalline 
minerals  which  have  been  observed  are  of  a  basaltic  nature,  and  consist  of  olivine, 
varieties  of  aagite  and  leucite,  anorthite  and  labradorite ;  in  addition  to  these, 
ohrome  iron,  tinstone,  magnetic  iron  ore,  and  magnetic  pyrites  have  been  found, 
besides  nickeliferous  metallic  iron. 

The  masseb  of  meteoric  iron  themselves  also  display  a  crystalline  structure. 
When  a  polished  surface  of  one  of  these  metallic  masses  is  immersed  in  nitric 
acid,  the  different  portions  of  the  surface  are  unequally  acted  upon,  as  was  first 
noticed  by  Widmannstatt :  and  a  series  of  lines  crossing  each  other  in  three 
different  directions  become  developed;  between  them  are  broad  shallow  spaces, 
less  deeply  etched,  and  narrow  bands  between  these  retain  their  polish  and  resist 
the  aicid ;  these  bands  contain  more  nickel  than  the  rest  of  the  mass. 

The  origin  of  these  meteorites  is  unknown ;  but  it  is  an  opinion  generally 
received,  that  they  are  asteroids  or  planetary  dust,  fragments  of  which  from  time 
to  time  come  within  the  sphere  of  the  earth's  attraction:  these,  by  friction  in 
their  rapid  flight  through  the  earth's  atmosphere,  become  ignited,  and  ultimately 
reach  the  surface  of  the  earth. 

Amongst  the  constituents  of  these  meteorites  twenty-two  elementary  sub- 
stances have  been  found,  but  no  element  not  previously  known  to  be  of  terres- 
trial origin  has  been  discovered.  The  following  are  the  meteoric  elements,  partly 
in  the  earthy,  partly  in  the  metallic  portions : — 


Iron. 

Cobalt. 

NickeL 

Chromium. 

Manganese. 

Copper. 

Tin. 


Arsenicum. 

Phosphorus. 

Nitrogen. 

Sulphur. 

Oxygen. 

Chlorine. 

Bromine. 


Magnesium. 

Calcium. 

Potassium. 

Sodium. 

Aluminum. 

Titanium. 

Silicon. 

Carbon. 

The  metallic  portions  consist  chiefly  of  native  iron,  which  contains  sulphur, 
phosphorus,  carbon,  manganese,  magnesium,  nickel,  cobalt,  tin,  and  copper. 

The  ores  of  iron  are  numerous.  The  most  valuable  are  the 
following : — 

I. — Magnetic  iron  ore,  or  Loadstone  (FeO^FcjOj) ;  Sp.  Gr. 
5*09. — ^This  is  found  in  enormous   masses^  or  even   mountainsj 
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amongst  the  primary  formations.  Much  of  the  best  Swedish  inn 
is  obtained  from  this  material^  which  is  also  abundant  in  North 
America.  Occasionally  it  is  found  in  detached  octohedral  crft- 
tals.  Coal  is  absent  in  those  formations  in  which  this  minenl 
occurs ;  hence  charcoal  is  the  fuel  ordinarily  employed  in  smelt- 
ing it.  This  fuel  contains  a  smaller  amount  of  ash  than  coal ; 
fewer  impurities  are  therefore  introduced  by  it  during  the  smelt- 
ing than  when  coal  is  used;  and  as  the  ore  itself  is  genentUy 
very  pure,  the  metal  which  it  furnishes  is  of  excellent  quality. 
The  heavy  lustrous  black  iron  sand  found  at  Nellore^  in  India, 
and  employed  in  the  manufacture  of  wootz^  consists  chiefly  of 
magnetic  oxide  of  iron. 

2. — Specular  iron  ore,  or  Fer  oligiste ;  8p,  Gr.  5*2. — T^m  is 
an  anhydrous  sesquioxide  of  iron  (Pefi^) :  it  occurs  in  the  primary 
rocks.  The  principal  part  of  the  celebrated  Elba  iron,  and  also 
a  large  quantity  of  Russian  and  of  Swedish  iron,  are  obtained 
from  this  source.    Charcoal  is  in  this  case  also  the  fuel  employed. 

3. — Bed  hcematite  (FcgOj,  sp.  gr.  about  5*0)  is  another  form 
of  the  anhydrous  sesquioxide;  it  is  sometimes  found  massive;  but 
more  generally  in  fibrous  crystalline  nodules.  This  ore  is  largdy 
raised  near  Whitehaven  and  in  some  parts  of  Cornwall.  It  is 
seldom  smelted  alone ;  but  it  forms  a  valuable  addition  to  the 
clay  iron-stone  of  the  coal-measures. 

4. — Brown  htBmatiie  {iFtjd^^HjJ) ;  Sp,  Gr.  about  3*9. — This 
is  a  hydrated  sesquioxide  of  iron,  which  generally  occurs  in  fibroin 
or  in  compact  masses.  It  is,  however,  also  met  with  in  the  oolitic 
strata,  in  some  parts  of  France,  in  the  form  of  rounded  masses, 
termed  pea-iron  ore,  mixed  with  a  small  proportion  of  clay.  Modi 
of  the  French  iron  is  obtained  from  this  source.  Brown  haematite 
is  readily  soluble  in  hydrochloric  acid ;  it  is  less  refiractory  in  the 
furnace  than  the  preceding  variety.  The  brown  hsematite,  when 
roasted,  becomes  porous  from  the  loss  of  its  water,  and  is  thus 
rendered  more  manageable.  Mixed  with  variable  proportions  of 
earth  or  clay,  and  sometimes  with  oxide  of  manganese,  this  oxide 
of  iron  forms  the  varieties  of  umber  and  ochres.  It  occurs  prin* 
cipally  in  the  secondary  and  tertiary  deposits. 

5. — Spathic  iron,  or  Ferrous  carbonate  (FeCOg) ;  Sp,  Gr.  3'8.— 
This  is  found  in  crystalline  masses  often  combined  with  magnesic 
carbonate,  and  with  a  considerable  proportion  of  manganese,  as 
in  the  Saxony  ores.  Much  of  the  so-called  natural  steel  is  made 
from  this  ore. 

6. — Clay  ironstone  is  the  chief  source  of  the  enormous  quan- 
tity of  iron  manufactured  in   Great  Britain.     It  is  an  impure 
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ferrous  carbonate^  containing  generally  from  30  to  33  per 
cent,  of  metallic  iron,  mingled  with  varying  proportions  of 
clay,  oxide  of  manganese,  lime,  and  magnesia.  This  argillaceous 
ironstone  occurs  in  bands  broken  up  into  nodules,  or  in  con- 
tinuous seams,  from  5  to  35  centim.  {2  to  14  inches)  thick,  alter- 
nating with  beds  of  coal,  clay,  shale,  or  limestone,  in  the  coal- 
measures,  diflPused  over  large  areas  in  South  Staffordshire,  South 
Wales,  and  some  other  parts  of  Great  Britain.  It  is  also  found 
in  the  United  States,  and  in  Bohemia  and  other  countries  of 
central  Europe.  It  has  a  specific  gravity  ranging  between  2"j 
and  347. 

7. — 7^  black-band  of  the  Scotch  coal-fields  is  also  a  ferrous 
carbonate,  but  the  principal  foreign  matter  in  this  mineral,  which 
often  amounts  to  25  or  30  per  cent.,  is  of  a  bituminous  or  com- 
bustible nature. 

8. — ^A  siliceous  ironstone  containing  both  ferric  oxide  and 
ferrous  carbonate  has  been  found  abundantly  in  the  oolite  in 
the  neighbourhood  of  Northampton.  It  yields  an  inferior  iron, 
owing  to  the  presence  of  a  large  quantity  of  phosphates  in  the  ore. 

9. — ^Another,  but  comparatively  an  unimportant  ore,  of  a  brown 
colour,  known  as  bog-iron  ore,  is  a  mixture  of  hydrated  ferric  oxide 
and  phosphate  in  variable  proportions.  It  occurs  in  marshy  aUu- 
vial  districts,  near  the  surface. 

Iron  pyrites  (PeSg),  though  a  very  abundant  mineral,  was 
formerly  wrought  only  for  the  sake  of  its  sulphur,  because  the 
iron  which  it  furnished  was  not  pure  enough  for  use.  Now, 
however,  by  roasting  the  residue  after  burning,  with  common  salt, 
the  small  quantity  of  copper  and  other  metals,  as  well  as  the 
residual  sulphur,  are  completely  extracted,  and  a  pure  oxide  of 
iron  is  obtained,  largely  used  in  lining  puddling  ftimaces. 

(744)  Smelting  op  Clay  Ironstone. — ^Aft;er  the  ore  has  been 
broken  up  into  masses  about  the  size  of  two  fists,  it  is  generally 
roasted,  in  order  to  expel  water  and  carbonic  acid ;  the  mass  is 
thus  left  in  a  porous  state,  highly  favourable  to  its  subsequent 
reduction  in  the  ftimace.  The  roasting  is  sometimes  performed 
in  kilns,  but  usually  in  heaps  in  the  open  air.  If  this  operation 
is  to  be  effected  in  the  open  heap,  a  plat  of  ground  is  levelled  and 
covered  with  a  layer  of  coal  in  lumps  to  the  depth  of  25  or  30 
centimetres  (10  or  12  inches) ;  this  is  succeeded  by  alternate 
layers  of  the  mineral  and  of  small  coal.  The  quantity  of  coal 
required  in  the  case  of  the  black-band  is  often  very  small,  as  the 
ore  itself  frequently  contains  sufficient  inflammable  matter  to  con- 
tinue burning  when  once  well  lighted.     The  heap,  when  finished. 
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ia  from  4*25  to  4-5  metres  wide,  2*5  to  3  metres  Iiigh  (or  abort 
14  or  15  feet  wide  and  8  or  10  high),  aad  is  of  great  loigA. 
The  fire  is  kindled  at  the  windward  estremity,  and  allowed  to 
spread  graduallf  through  the  mass.  Ilis  preliminaiy  opentka 
occupies  some  months  for  its  completion.  The  roasted  ore  ia  tha 
ready  for  the  smelting. 

The  blast  furnace  employed  for  this  purpose  is  represented  ii 
section  in  fig.  355.    Tbe 
^'°-  355-  internal  cavity  in  ihape 

resembles  a  long  namv 
funnel  inverted  upon  the 
mouth  of  another  sfaotter 
funnel.  These  furnaces 
are  usually  about  ij 
metres  or  50  feet  hi^ 
and  &om  4*25  to  5 
metres,  or  from  about  14 
to  17  feet,  in  diameter  in 
the  widest  part  of  tlw 
cavity.  The  lowest  por- 
tion, r,  or  neck  oi  the 
Jumiel,  is  termed  the 
cmciile  or  hearth,  and  ii 
made  of  very  refractoiy 
gritstone.  In  the  bcaX, 
20  or  25  centimetres  (8  cr 
10  inches)  from  the  floor, 
H,  is  a  longitudinal  aper- 
ture above  the  tymp-atoae, 
L,  for  the  overflow  of 
the  slag,  and  on  the 
sides  are  the  openingi 
for  the  tuyh-ei,  1,  i,  or  blast-pipes,  which  are  connected  with 
powerful  blowing  machines  for  supplying  tax  under  a  pressure 
of  from  2  Lb.  to  3  lb.  upon  the  inch.  A  steady  and  most 
intense  heat  is  thus  uniformly  maintained.  At  the  lowest  pcrint 
of  the  furnace  ia  the  tap-hole,  for  drawing  ofl"  the  melted 
metal  at  suitable  intervals,  and  which,  except  at  such  times,  ii 
dosed  with  sand  and  clay :  k,  a,  are  galleries,  for  allowing  the 
workmen  free  access  to  the  tuyeres  and  lower  portion  of  the  for- 
nacc,  the  base  of  which  is  kept  dry  and  well  drained  by  tbe  arched 
channels,  h.  Above  the  crucible  the  furnace  suddenly  widens, 
forming  the  boihet,  d  ;  the  lining,  c,  is  formed  of  firebricks,  whiti 
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are  continued  up  to  the  throaty  a,  of  the  furnace :  the  whole  is 
cased  in  solid  masonry,  b,  b,  and  supported  by  iron  bands.  When 
working  regularly,  such  a  furnace  is  charged  through  the  opening, 
B,  near  the  top,  at  intervals,  first  with  coal,  and  then  with  a  suit- 
able mixture  of  roasted  ore  and  of  a  limestone  flux  broken  into 
small  fragments.  As  the  fuel  bums  away,  and  the  materials  sink 
down  gradually,  ftesh  layers  of  fuel,  and  of  ore  and  flux,  are 
added ;  so  that  the  fiimace  becomes  filled  with  alternate  layers  of 
each. 

The  principal  substances  which  are  acted  upon  in  such  a  fur* 
nace  are  the  following : — 

1st,  the  oxygen  contained  in  the  air  of  the  blast ;  2nd,  the 
roasted  ore, — consisting  of  oxide  of  iron,  silica  in  the  shape  of 
sand  or  quartz,  clay  or  aluminic  silicate,  and  a  little  magnesia 
and  oxide  of  manganese ;  3rd,  coal  or  coke,— composed  chiefly 
of  carbon,  with  a  small  proportion  of  hydrogen ;  and  4th,  calcic 
carbonate  or  limestone,  which  in  the  heat  of  the  furnace  soon  be- 
comes quicklime. 

(745)  Theory  fiftlie  Blast  Furnace, — The  chemical  changes  may 
be  traced  as  follows,  beginning  at  the  bottom  of  the  furnace : — 
The  oxygen  contained  in  the  air  of  the  blast,  as  soon  as  it  comes 
into  contact  with  the  fuel  in  .  the  crucible,  combines  with  the 
carbon  and  forms  carbonic  anhydride,  attended  with  a  combustion 
of  intense  activity.  The  blast  is  thus  soon  deprived  of  all  its  free 
oxygen  ;  nearly  the  whole  of  the  nitrogen  escapes  unchanged,  but 
the  carbonic  anhydride,  in  its  passage  over  the  ignited  fuel,  is  de- 
composed ;  each  atom  of  the  anhydride  combines  with  an  addi- 
tional atom  of  carbon,  and  becomes  converted  into  carbonic 
oxide ;  for  each  volume  of  carbonic  anhydride  %  volumes  of  car- 
bonic oxide  are  produced.  This  formation  of  carbonic  oxide  is 
attended  with  a  Ifurge  absorption  of  heat,  so  that  the  temperature 
of  the  furnace,  above  the  crucible,  becomes  rapidly  reduced,  and 
a  quantity  of  highly  combustible  gas  is  thus  formed.'^     This  car- 


*  BiinBen  and  Playfair,  in  their  examination  of  the  gases  prodaoed  in  a  hot- 
blast  fbrnaoe  at  Alfireton,  fonnd  that  a  considerable  amoant  of  potassic  ojranide 
was  formed  in  the  hotter  portions  of  the  fnmaoe  (Briiiwk  Aa9oeiaiion  BeporU^ 
1845,  p.  182) :  part  of  the  nitrogen,  derived  probably  both  from  the  blast  and 
from  the  ooal,  had  therefore  entered  into  combination  with  carbon,  and  had 
united  with  the  potassium  contained  in  small  quantities  in  the  ore  and  in  the 
a^es  of  the  coal. 

The  furnace  in  which  these  experiments  were  made  was  12  metres,  or  40 
ftet  deep  from  the  top  of  the  charge  to  the  hearthstone,  and  was  charged  every 
twenty  minutes  with  420  lb.  of  calcined  clay  ironstone,  containing  about  60  per 
cent  of  oxide  of  iron,  390 lb.  of  coal,  and  170  lb.  of  limestone:  eabh  diarge 
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bonic  oxide  becomes  mingled  with  carburetted  hydrogen  and  fiee 
hydrogen^  which  are  derived  from  the  fuel  contained  in  the  npper 
part  of  the  charge^  as  it  gradually  descends  towards  the  fixnis  of 
intense  heat  below.  A  proportion  of  the  gases  which  escape  fcom 
the  opening  at  the  top  of  the  furnace^  varying  from  35  to  40  per 
cent.^  is  combustible ;  the  remainder  consists  principally  of  nitxogen, 
with  a  small  amount  of  carbonic  anhydride.  The  ore  having  been 
rendered  porous  by  the  previous  roasting^  is  easily  penetrated  by 
these  ascending  gases,  by  contact  with  which  the  iron  becomes 
reduced  in  the  upper  part  of  the  boshes^  where  the  heat  is  coni- 
paratively  moderate.  By  degrees  the  reduced  metal^  mixed  with 
the  earthy  matter  of  the  ore,  sinks  down  to  the  hotter  legioiL 
Here  the  earthy  matters  melt  and  become  vitrified ;  whilst  the 
iron,  in  a  minutely  divided  state,  being  brought  into  contact  with 
the  carbon  of  the  fuel,  combines  with  it  and  forms  the  fusible 
compound  well  known  as  cast  iron.     This  carbide  of  iron  mehi^ 


yielded  140  lb.  of  pig-iron.      The  blast  was  under  a  pressure  of  6*75  indm  of 
mercury,  and  had  a  temperature  of  626^  {33^^  0.) 

These  chemists  state  that  at  a  depth  of  if  feet  from  the  tay^no,  or  54  ftst 
from  the  top  of  the  famace,  the  gases  which  they  collected  contained  1*34  per 
cent,  of  cyanogen.  The  following  table  famishes  a  summary  of  the  remilto  whkk 
they  obt^ed: — 

Analysis  qf  Qasesfrom  a  KoUhlast  Furnace. 


Depth  from  the  top 
Heifi^ht  from  tuy&re 

5  feet. 
3a 

8 
%9 

14 

a3 

17 

ao 
17 

»4 
13 

34 

Nitrogen    ...        ... 

Carlxmic  anhydride 
Carbonic  oxide 

Mardigas 

Hydrogen 

Olefiant  gas 
Cyanogen  

55-35 

7-77 
a5*97 
3-75 
tf-73 
043 

O'OO 

54-77 

V'4a 

ao'a4 

823 
6-49 
0-85 
0-00 

50-95 
9'io 

19-3* 
6-64 

13*44 

1-57 
0-00 

55-49 

ia'43 

18-77 
4-31 
7-tfa 
1-38 
0-00 

tfo*4tf 

10-83 

19-48 

440 

4-83 

O'OO 
O'OO 

Jtf-75 

1008 

»5i9 

a-33 

565 

O'OO 

trace. 

58*05 

0*00 

37*43 
0*00 
3-18 

OroO 
1*34 

100-00 

lOO'OO 

100*00 

100-00 

100*00 

100*00 

100*00 

The  process  of  coking,  which  is  effected  in  the  npper  part  of  the  furnace,  did 
not  appear  to  be  complete  until  the  charge  had  reached  a  depth  of  24  fe«t,  but 
was  most  active  at  a  depth  of  1 4  feet ;  the  principal  reduction  of  the  ore  seemed 
to  take  place  just  below  the  point  at  which  the  coking  was  completed :  the  mazi- 
mum  heat  of  this  furnace  occurring  at  about  i  metre,  or  between  3  and  4  6e( 
above  the  tuyere,  or  33  feet  from  the  top. 

In  a  furnace  fed  with  charcoal,  Bunsen  found  the  reduction  of  the  oie  to 
commence  nearer  the  throat  of  the  furnace,  for  in  this  caiw  no  absorption  of  heit 
occurred  similar  to  that  occasioned  by  the  process  of  coking  the  ooal,  whieh 
takes  place  in  the  upper  part  of  the  hot- blast  furnace.  The  body  of  a  ohaieoal 
furnace  consequently  does  not  require  to  be  so  high  as  that  of  a  fumaoe  in  whid 
coal  is  used.  Similar  experiments  by  Ebelmcn  lead  to  conclusions  anbstaotiaUj 
the  same. 
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sinks  down  below  the  tuy^res^  through  the  lighter  vitrified  slags^ 
and  is  protected  by  them  from  the  further  action  of  oxygen.  The 
bulk  of  the  slag  is  5  or  6  times  as  great  as  that  of  the  iron 
produced :  it  floats  above  the  melted  metal,  and  is  allowed 
to  flow  over  continually  at  the  opening  left  for  the  purpose; 
whilst  the  iron  is  run  ofi*  at  intervals  of  I2  or  24  hours,  by  with- 
drawing the  stopping  of  clay  and  sand  from  the  tap-hole  at  the 
bottom. 

The  furnace  slags  constitute  an  imperfect  species  of  glass, 
which  is  sometimes  more  or  less  distinctly  crystalline,  and  which 
varies  in  colour  with  its  composition,  being  usually  opaque  and 
grey,  but  often  tinged  blue,  green,  brown,  or  black.  They  consist 
principally  of  calcic,  magnesic,  and  aluminic  silicates,  with  gene- 
rally a  small  proportion  of  manganous  and  ferrous  silicates.  In 
the  formation  of  these  slags  the  siliceous  matters  of  the  ore  react 
upon,  the  earthy  bases,  lime,  magnesia,  and  alumina,  and  really 
neutralize  them. 

The  general  composition  of  these  slags  may  be  seen  from  the 
subjoined  analyses:  I.  A  slag  obtained  from  Merthyr  Tydvil, 
by  Berthier.  II.  A  cold-blast  slag,  Tipton,  Staffordshire,  by 
D.  Forbes.  III.  A  hot-blast  slag  from  coke-furnace,  by  Percy. 
IV.  Average  of  slag  from  13  blast-furnaces  at  Dowlais,  by  Biley ; 
the  last  three  quoted  from  Percy's  Metallurgy^  vol.  ii.  pp.  497 
and  499. 


CoiiBtitaenta. 

I. 

n. 

in. 

rv. 

Silica    ...          ... 

Alumina 
Ferrous  oxide ... 
Manganous  oxide 
Lime  ... 
Magnesia 
Potash 

Calcic  sulphide 
Phosphoric  anhydride 

••• 

404 

II'2 

3-8 
385 

traces 

39Sa 
1511 

3'03 
3-89 

3253 

3*49 
I '06 

2*15 

37'9i 
1301 

093 
379 

3143 
734 

3'6o 

365 

4307 

14-85 

aS3 

1*37 
38-03 

587 
1-84 

1-90 

traces 

991 

98-76 

99-5<5 

100-35 

The  oxygen  in  the  bases  of  these  slags  is  nearly  equal  in 
amount  to  that  contained  in  the  silica.  Those  quoted  from  Percy 
approach  the  formula,  [i2{CaMgMnFe)0],2Al20j,9SiOj,. 

The  composition  of  No.  I.  may  be  represented  by  the  formula, 
[i5(CaMgFe)0,2Al203,i  iSiOJ . 

There  are  several  points  which  require  nice  adjustment  in  this 
process  of  reduction.  The  slag  must  not  be  of  too  fusible  a  de- 
scription, otherwise  the  iron   falls  to  the   bottom  before  it  has 
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thoroughly  combined  with  the  carbon^  and  is  not  oompkldj 
melted ;  a  sufficiency  of  lime  should  always  be  present  to  neatnk 
lize  the  whole  of  the  silica,  for  unless  this  be  attended  to,  a  tatam 
silicate  is  formed,  and  iron  runs  off  in  waste.  Indeed,  a  sbiD 
excess  of  lime  is  advantageous,  as  it  removes  solphur,  if 
in  the  shape  of  calcic  sulphide.  At  the  same  time  the 
matter  must  not  be  too  abundant,  otherwise  the  woildng  of  die 
fiimace  is  obstructed ;  the  slags  which  are  formed  being  of  a  Im 
fusible  character  are  but  imperfectly  melted,  the  iron  is  entangfail 
within  them,  it  is  again  partially  oxidated  by  the  blast,  and  die 
product  of  the  furnace  is  greatly  diminished.  Experience  hsi 
shown  that  the  slags  (which  are  chiefly  composed  of  the  mixed 
calcic  and  aluminic  silicates)  are  most  fusible  when  the  oxygm  of 
the  silica  amounts  to  double  that  in  the  bases  with  which  it  ii 
combined,  and  when  the  proportion  of  lime  employed  is  sach  si 
would  be  furnished  by  adding  2  parts  of  limestone  for  every  3  of 
clay  contained  in  the  ore ;  the  ratio  of  lime  to  alumina  being 
6CaO  :  AlgOj.  The  lime  is  Here  said  to  act  as  a  flux,  (firom  ftmo,  to 
flow,)  or  materia]  used  to  liquefy  the  clay.  A  slag  of  this  kind,  how- 
ever, can  only  advantageously  be  formed  when  the  ore  is  smelted 
with  charcoal,  a  fuel  which  contains  but  little  sulphur,  and  whick 
allows  the  reduction  to  be  effected  at  a  comparatively  moderate 
temperature.  When  coal  or  coke  is  used  as  the  fuel,  an  excess  of 
lime  is  required  to  carry  off  the  sulphur  introduced  by  the  pyritei 
of  the  coal,  and  the  slag  which  is  produced  under  these  circum- 
stances is  found  to  work  most  advantageously  when  the  proportioa 
of  oxygen  in  the  bases  is  nearly  equal  to  that  of  the  silica.  Ihe 
temperature  of  a  blast  furnace  fed  with  coal  or  coke  is  much  higher 
than  that  of  one  in  which  charcoal  is  used.  Slags  containing 
several  bases  are  more  fusible  than  when  one  or  two  only  are 
present,  the  different  silicates  aiding  the  fusibility  of  each  other. 
For  a  summary  of  an  extensive  experimental  inquiry  into  the  com- 
position and  properties  of  slags,  the  reader  is  referred  to  Percy^s 
Metallurgy f  vol.  i.  pp.  20—49,  and  vol.  ii.  p.  497. 

In  the  process  of  smelting  it  is  also  necessary  to  proportion 
the  supply  of  air  rightly ;  if  too  much  be  thrown  in,  the  fiimaoe 
becomes  unduly  cooled ;  if  too  little,  the  supply  of  oxygen  is  in- 
sufficient for  the  maintenance  of  a  proper  temperature  by  a  due 
amount  of  combustion.  These,  however,  are  points  the  successfiil 
regulation  of  which  can  only  be  acquired  by  experience.  Tie 
stream  of  air  for  the  blast  is  not  supplied  in  intermitting  gusts, 
but  is  equalized  as  much  as  possible :  where  the  cold  blast  is  used, 
this  object  is  attained  by  employing  an  air-chamber  or  reservoir; 
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and  where  the  hot  blast  is  employed,  the  long  pipes  Tequired  for 
heating  the  air  answer  the  same  purpose. 

(746)  The  Hot  Blast. — ^The  mass  of  air  which  passes  through 
one  of  these  furnaces  is  enormous,  being  not  less  than  4750  cubic 
metres,  or  about  6000  kilos,  (nearly  6  tons  weight)  per  hour.  It  is 
evident,  therefore,  that  this  immense  volume  of  air  must  exercise 
an  extraordinary  cooling  eflPect  upon  the  contents  of  the  furnace. 
This  evil  has  been  much  reduced  of  late  years  by  the  introduction 
of  air  which  has  been  previously  heated.  In  this  contrivance, 
which  is  known  as  the  hot  blast,  the  air,  before  it  reaches  the 
furnace,  is  made  to  pass  through  a  series  of  pipes  which  are  main- 
tained at  a  high  temperature,  either  by  means  of  a  separate  fur- 
nace, or  by  a  portion  of  the  waste  heat  of  the  blast  furnace  itself: 
in  the  latter  case  the  hot  gases  are  conveyed  through  flues  which 
pass  from  the  upper  part  of  the  furnace  into  the  chamber  which 
contains  the  pipes ;  the  necessary  draught  being  maintained  by  a 
chimney  furnished  with  a  damper.  A  jet  of  the  blast  as  it  enters 
the  furnace  should  have  a  temperature  sufficiently  high  to  melt  a 
strip  of  lead  when  held  in  it.  The  temperature  of  such  a  jet  as 
it  issues  from  the  tuyere,  is  somewhat  higher  than  617°  (325°  C). 
Mr.  Siemens  has  improved  upon  this  plan  by  transmitting  the 
gases  which  escape  from  the  furnace,  through  what  he  terms  a 
regenerator.  It  is  simply  a  chamber  of  brickwork  filled  with 
fire-briicks  so  arranged  as  to  allow  the  heated  gases  to  circulate 
freely  around  them.  Two  such  chambers  are  prepared ;  as  soon 
as  the  bricks  in  one  of  these  chambers  are  red-hot,  the  current  of 
gas  from  the  furnace  is  cut  off,  and  directed  into  the  other 
chamber,  in  order  to  heat  it.  In  the  meantime  a  current  of  cold 
air  is  forced  through  the  heated  chamber,  and  a  hot  blast  of  from 
1200°  to  1300°  (650°  to  704®  C.)  is  thus  obtained.  Each  chamber 
is  worked  alternately ;  the  one  becoming  heated  whilst  the  other  is 
employed  in  heating  the  blast.  In  this  way  a  large  proportion  of 
the  heat  of  the  waste  gases  may  be  economized.* 

*  This  process,  as  its  value  becomes  appreciated,  will  no  doubt  come  into 
▼ery  extensive  use  in  a  ^eat  variety  of  operations  in  metallurgy.  In  many  cases 
it  effects  an  economy  of  one-half  of  the  fiiel  employed,  and  it  is  possible  to 
obtain  by  ittt  means  a  steady  and  uniform  temperature  from  one  not  exceeding 
that  of  a  full  red,  up  to  the  heat  required  for  welding  iron.  It  is  now  employed 
with  great  success  both  in  gla^s-making  and  in  welding  the  joints  of  wrougbt- 
iron  tubes.  Mr.  Siemens  prefers  to  distil  the  coal  in  fiimaces  through  which 
a  regulated  supply  of  air  is  transmitted,  thus  furnishing  a  mixture  of  gaseous 
hydrocarbons  with  carbonic  oxide  and  the  nitrogen  of  the  spent  atmospheric  air, 
and  these  combustible  gases  are  conveyed  by  a  flue  and  burned  at  the  spot  where 
the  heat  is  required.     The  gases  after  having  done   their  work  are  passed 

II.  o  o 
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The  saying  of  fuel  effected  hy  the  employment  of  tlie  hot  Usit 
is  immense,  and  is  much  greater  than  was  at  first  anticipated:  2{ 
tons  of  coal  are  now  amply  sufficient  for  the  prodoction  of  a  ton 
of  iron^  from  ore  which  would  have  required  8  tons  when  the  cold 
blast  was  used.  This  saving  is  effected  owing  to  the  operatioii  of 
several  causes,  one  of  which  is,  that  raw  coal  may  now  be  used 
in  the  furnace  instead  of  coke :  moreover,  as  a  smaller  quantity  of 
fuel  is  required  in  the  furnace  to  raise  the  injected  air  to  the 
necessary  temperature,  so  also  a  smaller  quantity  of  air  is  needed 
to  maintain  the  combustion :  combustion  takes  place  within  a 
shorter  time,  so  that  the  maximum  heat  of  the  furnace  is  obtained 
lower  down  in  the  '  crucible,^  and  the  upper  portions  of  the  for- 
nace  do  not  become  so  intensely  heated :  the  reduction  of  the  ore 
consequently  takes  place  nearer  to  the  bottom,  and  the  heat  is 
thus  concentrated  and  economized.     Further : — 

In  every  metallurgical  process  a  particular  temperature  most 
be  attained  in  order  to  secure  the  occurrence  of  the  reaction,  or 
of  the  fusion  which  is  desired.  All  fuel  consumed  at  temperatures 
below  that  point  is  ineffective,  and  is  therefore  burned  to  wast& 
It  must  be  remembered  that  in  every  case  of  combustion  wheie 
the  same  chemical  compounds  are  produced,  a  definite  weight  of 
Aiel  always  emits  a  definite  amount  of  heat ;  consequently  it  will 
raise  a  definite  weight  of  air,  and  of  materials  in  the  furnace 
through  a  definite  number  of  degrees  of  temperature : — Say  that 
a  certain  weight  of  fiiel  will  raise  the  temperature  of  a  given 
charge  in  the  furnace  from  59°  to  2579°  (i5°*o  14^5°  C.).  Now, 
the  same  weight  of  fuel  (if  we  neglect  the  quantity  of  heat  ab- 
sorbed by  alteration  of  the  specific  heat  with  rise  of  temperature) 
will  also  raise  the  same  charge  from  66 a°  to  3182®  (33^^  ^ 
1750^  C.)*  Suppose,  now,  that  iron  required  a  temperature  of 
2732®.  {1500°  C.)  for  its  fusion,  no  amount  of  fuel  burned  so  as 
to  produce  a  temperature  of  1415°  C.  would  be  of  any  avail  in 
effecting  the  fusion  of  the  metal,  whilst  a  comparatively  smaD 
quantity,  starting  from  the  initial  temperature  of  350°  C,  would 
produce  the  desired  result. 

Even  in  a  hot-blast  furnace,  however,  the  quantity  of  fiiel  whidi 
is  wasted  is  enormous.  Bunsen  and  Playfair,  from  their  elaborate 
experiments  at  Alfrcton,  make  the  almost  incredible  estimate  that 


throagh  the  regenerator  above  dencribed ;  and  in  the  furnace  where  the  oombof 
lion  id  effected,  a  temperature  can  thus  be  obtained,  limited  at  present  only  by 
the  powers  of  the  fire-brick  to  resist  its  fusing  action.  The  gas  fumaoe,  fivr 
snch  it  is,  has  already,  in  some  cases,  superseded  the  old  coal  furnace  in  glaci- 
making. 
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somewliat  more  than  four-fifths  of  the  total  quantity  of  heat  pro- 
ducible from  the  fuel  consumed  is  lost^  owing  to  the  escape  of  un- 
burned  combustible  matter  in  the  form  of  gases,  such  as  carbonic 
oxide,  carburetted  hydrogen,  and  hydrogen,  which  are  still  fit  for 
use.  Since  the  publication  of  these  researches,  Mr.  Budd  and  other 
ironmasters  have  economized  a  portion  of  the  heat  contained  in 
the  escaping  gases,  in  heating  the  blast  and  in  generating  steam. 

The  iron  obtained  by  the  use  of  the  hot  blast  is  inferior  in 
tenacity  to  cold-blast  iron ;  a  circumstance  which  appears  to  be 
partially  due  to  the  fact  that  the  proportion  of  silicon  is  greater 
in  hot-  than  in  cold-blast  iron ;  it  is  also  to  be  noticed,  that  in  the 
employment  of  the  hot  blast  uncoked  coal  is  used,  a  fuel  which 
contains  more  sulphur,  and  possibly  also  more  phosphorus,  than 
coke,  which  is  required  in  working  with  the  cold  blast. 

A  Aimace  in  full  work  requires  an  hourly  supply  of  1600 
kilos.,  or  rather  more  than  i}  ton  of  solid  material,  ccmsisting  of 
an  average  of  5  parts  of  coal,  5  of  roasted  ore,  and  2  of  limestone. 
The  roasted  clay-iron  ore  yields  on  an  average  35  per  cent,  of  iron, 
and  each  fiimace  when  ii^  full  activity  furnishes  from  8000  to 
lo/xx)  kilos.,  or  about  8  or  10  tons  of  metal  in  the  24  hours. 
Every  morning  and  evening  it  requires  to  be  tapped: -on  these 
occasions  the  iron  is  run  into  shallow  grooves  in  the  sand,  and 
forms  the  cast  iron,  or  pig-iron  of  commerce.  A  good  furnace, 
if  well  managed,  may  be  made  thus  to  work  uninterruptedly 
without  repair  for  many  years.* 

(747)  Varieties  of  Cast  iron. — ^The  iron  as  it  runs  from  the 
furnace,  however,  is  not  a  pure  carbide  or  carburet,  for  in  the 
intense  heat,  not  only  is  the  iron  reduced,  but  portions  also  of 
silicon,  aluminum,  and  calcium,  and  occasionally  other  bodies  de- 
rived firom  the  flux  and  firom  the  fuel.  These  bodies  enter  in 
small  quantity  into  combination  with  the  iron,  the  properties  of 
which  they  modify  materially.  Manganese  generally  accompanies 
the  ores  of  iron  in  greater  or  less  quantity,  and  firequently  com- 


*  The  prodaction  of  iron  in  Great  Britain,  in  1865,  amounted  to  about 
4,8191^54  tons.  It  was  estimated  in  1855,  by  Mr.  Blackwell,  that  the  annual 
production  of  iron  in  different  countries  was  then  as  follows  :— 


Tons. 


England             ...  3,000,000 

France 750,000 

North  America  ...  750,000 

Prussia  ...          ...  300,000 

Austria  ...         ...  250,000 

In  all,  six  millions  of  tons,  of  which  Great  Britain  supplied  one-half. 

o  o  2 


ToDf. 


Belgium   ...  ...  200,000 

Bussia      ...'  ...  200,000 

Sweden     ...  ...  150,000 

Germany  ...  ...  100,000 

Other  states  ...  300,000 
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bines  with  the  reduced  metal.    Cast  iron  differs  greatly  in  qoaUty ; 
the  differences  observed  in  it  depend  in  part  npon  diffeienoes  in 
the  proportion  of  carbon  and  silicon  which  it  contains.     Hie 
composition  of  these  carbides  raries  considerably  within  certam 
limits ;  but  it  does  not  appear  that  iron  is  capable  of  comhiniiig 
with  more  than  about  5  per  cent,  of  carbon.     A  oompoond  rf 
carbon  having  the  composition  of  Fe^C^  or  the  tetraferrocariUe^ 
would  consist  of  94*92  of  iron,  and  5*08  of  carbon ;  and  this  is 
very  nearly  the  composition  of  the  hardest  and  most  fnsiUe  kind 
of  white  cast  iron,  which,  firom  the  circmnstance  of  its  crystallix- 
ing  in  flat  brilliant  tables,  is  termed  by  the  Germans  spiegeieiieK 
(or  mirror  iron) :  according  to  Gurlt,  the  specific  gravity  of  this 
carbide  is  7*65.     Spiegeleisen  is,  however,  not  a  pure  carbide  of 
iron,  but  always  contains  manganese,  in  amount  varying  firom  4 
to  10  or  12  per  cent.     Faraday  and  Stodart  found  the  most 
highly  carburetted  iron  which  they  could  produce  to  consist  of— 
iron,  94*36;  carbon,  5*64.     Gurlt  (Chem.  Gaz.,  1856,  p.  231)  hu 
described  another  definite  form  of  cast  iron  (FcgC),  the  ocioferro- 
carbide,  which  when  pure  contains  2*65  per  cent,  of  carbon.     It 
has  a  sp.  gr.  7*75,  is  of  an  iron-grey  colour,  and  has  a  hardnen 
much  inferior  to  that  of  the  tetraferrocarbide,  being  sligfatty 
malleable.     It   crystallizes  in  confused  octohedral   groups,  and 
according  to  Gurlt  is  the  principal  constituent  of  grey  cast  iron. 
The  existence  of  this  compound  is  probable,  but  cannot  be  re- 
garded as  absolutely  proved.     In  many  varieties  of  cast  iron  the 
carbon  exists  in  two  distinct  forms, — one  portion  being  chemically 
combined  with  the  metal,  the  other  being  mechanically  diffused 
through  it  in  the  condition  of  graphite,  the  scales  of  which  may 
be  seen  distinctly  with  a  magnifying  lens,  when  the  surface  of  a 
freshly  fractured  bar  is  examined.     These  scales  remain  imacted 
upon  when  the  metal  is  dissolved  in  diluted  acids }  the  combined 
carbon  under  such  circumstances  unites  with  hydrogen,  and  forms 
an  oily-looking  liquid  of  ill  odour. 

In  addition  to  carbon,  cast  iron  also  contains  silicon,  the  pro- 
portion of  which  is  equally  liable  to  variation ;  the  quantities  of 
silicon  which  have  been  found  in  pig-iron  range  between  3*5  and 
0*25  per  cent. 

Karsten  found  that  when  cast-iron  was  melted  with  sulphur  in  a  oovered 
clay  crucible,  there  was  formed,  on  cooling,  a  layer  of  ferrous  sulphide  npoa 
the  surface,  then  a  layer  of  graphite,  and  beneath  this  a  layer  of  carbide  of 
iron  in  the  maximum  degree  of  carburation.  These  effects  may  be  thus  ex- 
plained : — Carbon  is  incapable  of  decomposing  ferrous  sulphide,  but  sulphur  ota 
displace  carbon  from  the  carbide.  On  the  addition  of  sulphur  to  the  melted  cut 
iron  the  carbon  gradually  becomes  concentrated  in  that  part  of  the  iron  not  com* 
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bined  with  the  sulphur,  until  its  point  of  saturation  with  carbon  is  reached,  and 
then  the  graphite  is  separated.  According  to  the  same  authority,  both  phos- 
phorus and  silicon  act  in  a  similar  manner,  phosphide  and  silicide  of  iron  being 
formed,  whilst  the  carbon  becomes  concentrated  in  the  remainder  until  the  excess 
of  'carbon  is  expelled  and  crystallizes  in  the  form  of  graphite.  When  the  pro- 
portion of  phosphorus,  of  silicon,  or  of  sulphur,  is  but  small,  the  compounds 
which  they  form  with  the  iron  remain  disseminated  through  the  mass  of  cast 
iron,  and  exert  an  important  influence  upon  its  texture  and  tenacity. 

According  to  Le  Guen  {Ann,  de  Chimie,  III.  Ixiz.  282),  if  good  grey  pig-iron 
be  fused  with  2^  per  cent,  of  powdered  wolfram,  the  cast  iron  so  produced  is 
rendered  much  stronger  and  more  elastic,  the  tenacity  being  increased  from  3 
to  4 :  if  the  quantity  of  wolfram  be  increased  to  3  per  cent,  the  metal  becomes 
still  harder,  but  not  so  tough.  It  is  however  doubtful  whether  the  wolfram  acts 
otherwise  than  as  a  flux,  which  facHitates  the  fusion  of  the  iron  and  separation 
of  some  of  its  impurities. 

The  following  table  will  serve  to  illustrate  the  general  com- 
position of  some  varieties  of  cast  iron : — 


Oorlt. 

Bodemano. 
_         1 

Abel. 

White 

Grey 

White 

Grey 
coaL 

Mottled 

Gart- 

Grey 

MotUed 

Freoch. 
charcoal. 

Silesian, 

hot  blast. 

sherrie. 

hot  blast. 

cold  blast. 

very  crys. 

Specific  gravity     ... 
Carbon,  combined ... 

7'ai 

7*»i 

7-41 

7-166 

7-43 

7*ooo 

7-531 

1*021 

1-793 

*-4S7 

1*44 

a-78 

■  ■• 

494 

Graphite    

a'641 

I'llO 

©871 

3*71 

1-99 

3-40 

Silicon        

3061 

ri65 

i'ia4 

3-ai 

0*71 

o'8o 

0-75 

Sulphur      
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Gurlt^s  specimens  were  all  made  in  the  same  furnace,  and  with  the 
same  material ;  the  grey  at  the  highest  temperature,  the  white  at 
the  lowest. 

The  fusing-point  of  cast  iron  varies  with  its  composition ;  that 
of  an   average    specimen  was    estimated    by  Daniell    at   2786° 

{1530°  c.). 

In  conmierce  there  are  three  principal  varieties  of  cast  iron, 
known  respectively  as  grey  cast  iron ;  mottled  cast  iron ;  and  white 
cast  iron.  The  first  two  contain  carbon  disseminated*  in  an  un- 
combined  form  through  the  mass.  Grey  cast  iron  is  soft ;  it  may 
be  filed,  drilled,  and  turned  in  the  lathe,  and  though  somewhat 
less  fusible  than  the  white,  is  preferred  for  casting,  since  when 
melted  its  liquidity  is  more  perfect.  This  variety  is  that  which 
is  generally  produced  from  a  furnace  in  good  working  order ;  if 
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cooled  suddenly^  it  is  often  converted  into  hard  wliite  cast  iron. 
This  circumstance  is  taken  advantage  of  in  preparing  chitted  $hd, 
which  are  cast  from  a  fusible  grey  iron  in  a  cold  mouldy  and  ac- 
quire great  hardness  upon  the  surface.  The  dark-grey  iron  used 
for  castings^  and  termed  foundry  iron,  requires  the  presence  of 
more  carbon  than  the  lighter  variety,  or  forge  iron,  used  fiir  con- 
version into  wrought  iron.  The  fracture  of  the  mottled  variety  it 
in  large  coarse  grains,  among  which  points  of  graphite  are  dis- 
tinctly visible ;  it  is  very  tough,  and  is  valued  for  casting  ordnance. 
It  may  be  obtained  for  this  purpose  by  partially  refining  good 
grey  iron.  White  cast  iron  contains  about  the  same  amount  of 
carbon  as  the  mottled  iron,  but  the  whole  of  the  carbon  appean 
to  be  chemically  combined  with  the  metal.  The  white  variety 
passes  through  a  pasty  condition  as  a  preliminary  to  liquefactioa; 
it  is  more  fiisible  than  either  of  the  others,  is  lighter  in  colour, 
very  hard  and  brittle,  has  a  lamellar  crystalline  fracture,  and  a 
specific  gravity  varying  between  7*2  and  7*6.  It  usually  contains 
less  silicon,  but  more  sulphur  and  phosphorus  than  grey  iron. 
White  cast  iron  seems  in  some  cases  to  owe  its  colour  to  the  pre- 
sence of  manganese.  A  much  higher  temperature  in  the  fumaoe, 
and  consequently  a  greater  consumption  of  fuel  is  required  for  the 
production  of  grey  than  of  white  iron.  This  may  probably  arise 
from  the  fact,  that  if  white  iron  be  melted  and  exposed  to  a  tem- 
perature considerably  higher  than  its  melting-point,  the  tetn- 
ferrocarbide  is  decomposed,  and  if  it  be  allowed  to  cool  vay 
gradually,  a  portion  of  the  carbon  crystallizes  out  as  graphite,  and 
grey  cast  iron  is  produced.  In  the  process  of  casting  heayy 
articles  this  carbon  separates,  and  is  thrown  off  in  the  form  of 
brilliant  scales,  termed  by  the  casters  kish. 

The  pecuUar  value  of  iron  for  castings  depends  upon  its  pro- 
perty of  expanding  at  the  moment  of  solidification.  It  thus  fur- 
nishes an  admirable  material  for  taking  the  most  minute  impres- 
sions, as  is  well  exemplified  in  the  beautiful  castings  obtained 
from  Berlin. 

Small  articles  made  of  cast  iron,  sach  as  key-blocks,  stirmp-irona,  ^^  may 
be  rendered  malleable  by  packing  them  in  powdered  hsematite,  thai  heating  tiiem 
to  redness  for  some  hours,  and  allowing  them  to  cool  very  slowly.*  In  this  eiiS 
the  oxygen  of  the  oxide  removes  a  portion  of  the  carbon  by  a  process  of  oemea- 
tation  the  reverse  of  that  which  takes  place  daring  the  manofactore  of  steel :  the 


*  The  samples  analysed  by  myself,  and  the  results  of  which  were  quoted  ia 
former  editions  of  this  work,  were  supposed  to  have  been  obtained  from  the 
«am#  iioa,  but  were  not  really  so ;  no  correct  conclusions  can  therefore  be  drawn 
from  the  comparison  of  the  two  analyses,  which  seemed  to  indicate  the  with« 
drawal  of  silicon  as  well  aa  carbon. 
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carbon  is  gradually  remoTed  from  the  outer  lajer  of  the  metal,  and  is  slowlj 
transmitted  from  particle  to  particle  throngh  the  solid  bar,  till  it  reaches  the 
surface,  where  it  undergoes  oxidation  at  the  expense  of  part  of  the  oxygen  of  the 
hsmatite. 

(748)  Conversion  of  Cast  iron  into  Wrought  iron, — i.  Refining. 
— ^The  pig-iron  as  delivered  from  the  furnace  is,  as  already  noticed, 
far  from  pure :  it  contains  variable  quantities  of  carbon,  silicon, 
sulphur,  and  phosphorus,  besides  traces  of  other  metals,  such  as 
aluminum,  calcium,  and  potassium.  Before  it  can  be  converted 
into  the  wrought  iron  of  commerce,  it  has  to  undergo  a  process 
for  the  removal  of  these  extraneous  matters.  Many  castings  may 
be  made  at  once  with  pig-iron,  but  it  cannot  be  worked  at  the 
forge. 

In  order  to  effect  the  purification  of  the  crude  pig-iron,  it  is 
necessary  to  expose  it  to  the  regulated  action  of  oxygen  at  a  high 
temperature,  so  as  gradually  to  bum  off  these  oxidizable  substances, 
and  leave  the  iron.     The  pig  iron  is  usually  first  remelted  in 
quantities  of  from  25  to  30  cwt.,  upon  the  hearth  of  a  sort  of  forge, 
termed  the  finery  or  refinery,  the  fire  of  which  is  animated  by  a 
cold  blast  from  a  double  row  of  blast-pipes.     The  sides  and  back 
of  the  hearth  are  formed  of  hollow  iron  castings,  through  which 
water  is  kept  continually  flowing.     During  this  operation,  which 
lasts  about  two  hours,  and  is  one  of  the  most  wasteful  both  of  fuel 
and  of  iron,  the  metal  loses  from  10  to  1 2  per  cent,  of  its  weight. 
The  silicon  is  more  readily  oxidized  than  the  carbon,  so  that  it 
is  the  impurity  which  is  first  attacked  in  the  refining  process,  but 
at  the  same  time  a  small  portion  of  the  carbon  contained  in  the 
iron  is  burned  off  as  carbonic  oxide ;  part  of  the  iron  also  becomes 
converted  into  the  protoxide,  which  unites  with  the  silica  furnished 
by  the  oxidation  of  the  silicon,  and  with  the  sand  which  adhered 
to  the  surface  of  the  cast  metal:   a  fusible  slag  consisting  of 
ferrous  ortho-silicate  (2PeO,SiOj  or  Fe''jSiOJ  is  thus  produced. 
The  oxide  of  iron  in  this  slag  again  reacts  upon  the  melted  metal, 
and  by  imparting  a  portion  of  its  oxygen  to  the  silicon  and  carbon 
disseminated  through  the  mass,  bums  off  an  additional  quantity 
of  these  substances ;  portions  of  sulphur  and  phosphorus  are  also 
separated  by  oxidation  in  this  process,  and  accumulate  in  the  slag. 
The  melted  iron  is  then  run  off,  and  formed  into  a  flat  cake  2  or 
3  inches   (from  about  5  to  8  centimetres)  thick,  and  as  soon 
as  it  begins  to  solidify  it  is  suddenly  cooled  by  pouring  water 
upon  it ;   a  hard  white,  brittle  mass  is  thus  obtained,  which  is 
broken  up  into  fragments.     In  this  operation  coke  is  the  com- 
bustible generally  made  use  of,  but  where  iron  of  superior  quality 
is  required,  as  in  making  tin-plate,  charcoal  is  employed*     Ordi- 
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nary  coke  contains  sulphur  and  earthy  impuritiea  which  injure 
the  quality  of  the  iron. 

The  effect  of  the  operation  is  well  exhibited  by  the  following 
analysis  quoted  by  Begoault,  giving  the  composition  of  a  pordon 
of  caat  iron  before  refiniDg,  and  a  portion  of  the  same  metal  after 
it  had  passed  through  the  refinery  furnace. 


Carbon 

Silioon 

PhoBphoniB      

Iron      

nflniof. 

After 

30 

4;5 

9»'3 

i"7 
97-8 

.000 

.000 

{749)  Puddling. — The  refined  metal  still  retains  a  considerable 
proportion  of  carbon  and  some  silicon.  In  order  to  remove  them 
it  is  next  introduced,  in  charges  of  from  4  to  5  cwt.,  or  about 
250  kilos.,  into  the  puddling  Jitmace,     This  consists  of  arererfae' 

Fio.  3s6. 


ratory  furnace,  connected  with  a  chimney  40  or  50  feet  (la  or 
15  metres)  in  height,  and  capable  of  producing  a  powerftd 
draught,  which  is  under  complete  command  by  means  of  a  damper. 
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Fig*  356  represents  a  section  of  the  puddling  furnace;  a,  is  the 
bed^  or  hearth,  upon  which  the  iron  for  puddling  is  placed ;  b^  is 
the  lire-place  with  the  aperture  for  stoking^  which  is  closed  with 
coal,  and  not  by  a  door,  as  is  usual  in  most  furnaces :  o,  is  the 
bridge  which  separates  the  fuel  from  the  metal :  the  hearth,  a,  is 
lined  with  cast-iron  plates,  b,  e,  which  are  prevented  from 
melting  by  the  free  circulation  of  air  beneath  them ;  c,  is  the  flue 
leading  to  the  chimney,  d,  at  the  top  of  which  the  damper  is 
shown ;  h,  is  the  plate  upon  which  the  iron  rests  during  the 
puddling  process ;  it  is  protected  from  the  heat  by  a  coating  of 
powdered  haematite,  of  sand,  or  of  slag  ;♦  f,  is  the  working  door 
of  the  fiimace  through  the  upper  aperture  in  which  the  puddler 
works ;  the  lower  aperture  is  closed  by  sand  during  the  operation, 
and  is  opened  at  intervals  to  allow  the  slag  or  tap  cinder  to  be 
drawn  off,  and  i  is  the  floss-hole,  or  aperture  through  which  the 
overflow  of  slag  is  removed. 

For  the  coarser  kinds  of  iron  the  furnace  is  sometimes  charged 
partially,  or  even  wholly,  with  pig-iron  that  has  not  been  refined. 
Iron  which  has  undergone  the  refioing  process  never  becomes  so 
completely  liquid  in  puddling  as  when  crude  pig-iron  is  employed^ 
but  the  product  is  a  metal  of  finer  quality. 

Supposing  the  crude  pig-iron  to  be  used,  the  pigs  slowly  become 
melted,  and  the  metal  when  first  heated  forms  a  thick  pasty  mass, 
which  gradually  becomes  fluid,  and  at  length  perfectly  liquid.  At 
this  stage  the  metal  becomes  violently  agitated,  owing  to  the 
escape  of  the  carbonic  oxide  in  jets,  which  take  fire  and  bum 
with  a  blue  flame,  whilst  the  melted  mass  swells  up  to  several 
times  its  original  bulk :  this  process  is  technically  known  as  boil' 
ing.  The  melted  iron  is  now  briskly  stirred  by  the  puddler  to 
promote  oxidation. 

When  refined  iron  is  used  in  puddling  instead  of  crude  iron^ 
it  is  often  mixed  with  a  certain  proportion  of  scales  of  oxide  fit)m 
the  forge,  and  is  then  gradually  brought  into  complete  fusion, 
carefully  avoiding  the  contact  of  fuel.  The  mass  is  well  stirred, 
so  as  to  incorporate  the  oxide  of  iron  with  the  melted  metal ; 
oxygen  is  transferred  from  the  oxide  thus  introduced ,  to  the 
carbon  of  the  melted  iron,  and  carbonic  oxide  is  formed  abun- 
dantly ;  but  the  appearance  of  boiling  is  less  marked  than  when 
crude  pig-iron  is  used.     In  either  case,  the  metal  by  degrees 


*  The  employment  of  lime  as  a  liniiig  to  the  furnace  has  been  recom- 
mended ;  it  is  said  to  improve  the  quality  of  the  iron  by  removing  sulphur  more 
completely,  and  at  the  same  time  to  diminish  the  rate  of  oxidation. 
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becomes  less  fusible  as  tbe  carbon  diminishes  in  quantitj,  and  at 
length  it  is  conyerted  into  a  granular,  sandy  mass.      Tine  heat  ii 
now  raised  till  it  becomes  yery  intense,  and  air  is   earefally  o- 
cluded  by  closing  the  damper  and  doors.    The  metal  again  begins 
to  soften  and  agglomerate.    Thepnddler  gradually  collects  it  into 
balls  or  blaonu  upon  the  end  of  an  iron  rod ;  he  then  lemoyei  it 
from  the  furnace  in  masses  weighing  about  three-qnartefs  of  i 
hundredweight,  or  38  kilos.,  and  subjects  it,  whilst  still  intenscfy 
hot,  to  the  action  either  of  the  steam  hammer  or  of  a  powerfiil  pes, 
called  the  shingling  press.  The  melted  slag  is  thus  forcibly  squeend 
out,  the  particles  of  metal  are  brought  nearer  together^  and  tlie 
density  is  increased.     The  iron  is  then  fashioned  into  a  bar  bf 
passing  it  between  grooyed  rollers,  and  the  bar  thus  obtained  ii 
cut  into  lengths,  then  piled  up  in  a  reyerberatory  fhrnaGe  and 
re-heated ;  it  is  again  rolled,  doubled  upon  itself,  and  le-heated 
and  rolled.     Upon  the  best  qualities  of  iron  this  process  is  re- 
peated  seyeral   times,  in  order  to  render  its  fibres   parallel  to 
each  other,  by  which  the  toughness  of  the  metal  is  much  in- 
creased.    The  iron  is  now  nearly  pure ;  it  contains  from  7^  to 
7^7  of  its  weight  of  carbon,  and  about  3-^  of  silicon.      The  pre- 
sence eyen  of  this  small  proportion  of  carbon  adds  materially  to 
the  toughness  and  hardness  of  the  metal.     The  process  of  pud- 
dling occupies  about  two  hours ;  and  proyided  it  has  been  pro- 
perly refined  preyiously,  the  metal  loses  from  7  to  10  per  coit 
of  its  weight.* 


*  Calvert  and  Johnson  (Thil,  Mag,  Sept  1857)  have  made  a  aeriii  of 
analyses  of  the  iron  in  different  stages  of  the  process  of  boiling.  They  emplojed 
in  their  experiments  good  cold-blast  Staffordshire  grey  iron,  No.  3,  loch  as  ii 
used  for  making  iron  wire. 
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A  charge  of  2  cwt.  of  iron  was  introduced  into  the  bed  of  the  ftimace  with- 
oat  any  addition  of  oiide  of  iron  :  in  40  minates  it  became  fosed,  and  on  cooling 
the  sample  suddenly,  it  yielded  a  brittle  mass  like  white  iron.     It  will  be 
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The  slag  produced  during  the  operations  of  puddling  and  re- 
fining consists  chiefly  of  ferrous  ortho-silicate  (2FeO^Si02)  and 
contains  upwards  of  60  per  cent,  of  the  metal.  This  slag  or 
finery  cinder  is  reduced  in  the  blast  fiimace  in  the  same  manner 
as  the  original  ore^  but  it  is  always  found  to  produce  a  defective 
iron^  technically  known  as  cold  short.  Such  iron  may  be  forged 
well  at  a  red  heat^  but  when  cold  it  is  brittle  and  rotten.  This 
defect  is  attributed  to  the  presence  of  phosphorus^  which  is  sepa- 
rated from  the  crude  metal  in  the  form  of  phosphate  of  iron 
during  the  puddling.  When  the  slag  is  reduced  in  the  blast 
furnace^  both  the  phosphorus  and  the  iron  are  depriyed  of  their 
oxygen^  and  by  their  union^  as  phosphide  of  iron,  form  the  faulty 
metal  ia  question. 

Mr.  Bessemer  has  attempted  to  substitute  for  the  processes  of 
puddling  and  refining  a  method  of  purification  which  consists  in 
forcing  cold  air  at  a  pressure  of  12  or  16  lb.  upon  the  square 
inch  through  melted  cast  iron,  3  or  4  tons  of  which,  as  it  runs 
frt)m  the  furnace,  is  receiyed  into  a  cylindrical  vessel  covered 
with  an  arched  head  and  lined  with  a  coarse  siliceous  rock, 
termed  ganister;  this  is  crushed,  moistened  with  water,  and 
applied  to  the  iaterior  where  it  dries  slowly;  during  the  smelting 
the  air  is  driven  in  at  the  bottom,  through  several  tuyeres.  An 
intense  combustion  occurs,  attended  with  remarkable  elevation  of 
temperature,  owing  partly  to  the  oxidation  of  the  iron,  and  partly 
to  that  of  the  carbon ;  the  latter,  being  converted  into  carbonic 


that  whOtft  the  carbon  increaaes  doriDg  the  first  Btnge  of  the  process,  the  silicon 
undergoes  a  very  rapid  diminution.  The  3rd  sample  was  taken  just  before  the 
beginning  of  the  hM,  when  the  iron  was  in  its  most  flaid  condition.  No.  4  was 
taken  daring  the  full  boil,  and  consisted  of  small  detached  brittle  grannies  sur- 
rounded by  slag.  No.  5  the  boil  was  eompleted.  It  was  still  in  grannies,  but 
they  were  slightly  malleable.  No.  6,  the  iron  was  collecting  into  masses.  No.  7 
was  taken  daring  balling,  and  in  No.  8  the  balls  were  just  ready  for  the  shin- 
gling press.  The  '  paddled  bar'  was  taken  from  the  iron  after  it  had  been 
hammered ;  and  the  '  wire  iron'  was  the  same  after  it  had  been  broken  up  into 
billets,  reheated,  and  rolled  as  a  preliminary  to  drawing. 

The  slag  which  was  separated  during  the  operation  was  found  to  have  the 
following  composition  :r^ 
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oxide^  escapes  at  all  points  of  the  mass^  throwing  the  whole  into 
violent  agitation^  which  subsides  as  soon  as  the  carbon  is  burnt  oi^ 
generally  at  the  end  of  about  15  minutes ;  when  this  oocnis  the 
melted  iron  nearly  freed  from  carbon  is  run  off  into  moulds.  A 
great  loss  of  iron  is,  however,  incurred  in  this  operation ;  a  copions 
slag  of  oxide  of  iron,  mixed  with  a  little  silicate,  is  produced,  and 
in  this  a  large  quantity  of  metallic  iron  is  entangled :  not  len 
than  20  per  cent,  of  the  metal  is  thus  wasted,  and  the  malleabk 
iron  still  retains  nearly  all  the  phosphorus  and  much  of  the  soU 
phur  originally  present. 

But  though  the  process  of  Bessemer  has  not  been  attended 
with  the  important  results  which  were  anticipated  from  its  em- 
ployment in  refining  the  ordinary  pig-iron  obtained  by  the  smelt- 
ing of  clay  iron-stone  with  coal,  it  has  been  eminently  successfiil 
when  applied  to  the  pure  Swedish  charcoal  pig-iron,  and  to  the 
Lancashire  haematite  pig,  which  have  by  its  means  been  converted 
by  a  single  operation  of  short  duration  into  cast  steel  of  the  finest 
quality :  as  much  as  5  tons  of  iron  are  commonly  operated  on  at 
one  frision.  Bessemer  steel  is  now  commonly  made  by  adding  to 
the  melted  wrought  iron,  just  before  pouring,  a  definite  quantity 
of  white  cast  iron  of  known  composition,  usually  containing  abont 
6  per  cent,  of  carbon  and  10  of  manganese,  by  which  means  the 
requisite  amount  of  carbon  is  combined  with  the  iron,  and  sted 
of  the  required  quality  is  obtained  (751).  It  is  then  immediately 
run  into  ingots. 

(750)  Production  of  Wr(mght  Iron  direct  from  the  Ore. — ^The 
pure  ores,  which  consist  of  magnetic  oxide,  or  of  ferric  oxide,  are 
frequently  converted  at  once  into  wrought  iron,  without  the  pro- 
duction of  cast  iron.  This  process  is  practised  in  the  Pyrenees, 
by  what  is  termed  the  Catalan  forge,  and  still  more  largely  by  the 
bloomery  forges  of  North  America.  In  the  American  bloomery 
forge  either  the  hot  or  the  cold  blast  may  be  employed : — The 
ore  having  been  first  reduced  by  stampers  to  a  coarse  powder,  is 
placed  on  the  top  of  the  coal  in  the  forge  which  has  been  kindled 
for  its  reception ;  a  high  heap  of  coal  is  kept  on  the  fire,  and  a 
gradual  supply  of  ore  is  maintained;  as  the  metal  is  reduced,  it 
sinks  to  the  bottom  in  a  pasty  state ;  when  sufficient  has  been 
added  to  form  a  bloom,  or  ball,  the  metal  is  collected  on  an  iron 
bar,  heated  before  the  blast-pipe,  and  then  hammered,  rolled,  and 
welded,  as  if  it  had  come  from  the  puddling  furnace  (Overman's 
Metallurgy y  p.  544).  This  method  yields  a  very  pure  iron  when 
charcoal  is  employed,  but  the  consumption  of  fuel  per  ton  of  metal 
is  much  greater  than  in  the  blast-furnace ;  a  large  portion  of  the 
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ore  is  also  wasted  in  the  form  of  slags^  whicli  are  yery  rich  in 
oxide  of  iron.  The  iron  produced  by  this  process  frequently  con- 
tains su£Scient  carbon  to  give  to  it  some  of  the  properties  of  steel ; 
for  instance^  it  becomes  much  harder  when  heated  and  suddenly 
cooled.  Iron  of  this  description  is  valuable  in  the  manufacture 
of  plough-shares^  and  heavy  articles  requiring  both  toughness  and 
hardness. 

(751)  Manufacture  of  Steel. — Iron,  when  combined  with  a 
smaller  proportion  of  carbon  than  is  contained  in  cast  iron,  fur- 
nishes the  valuable  compound  well  known  as  steel,  of  which  there 
are  several  varieties.  The  quantity  of  carbon  in  good  steel  varies 
between  07  and  17  per  cent.;  but  steel  which  possesses  the  greatest 
tenacity  has  been  found  to  contain  from  i'3  to  1*5  per  cent,  of 
carbon,  and  about  o'l  of  silicon.  Natural  steel  is  produced  directly 
from  the  best  cast  iron  by  heating  it  by  means  of  charcoal  on  the 
refining  hearth,  as  in  the  operation  which  precedes  the  process  of 
puddling ;  the  oxygen  bums  oflf  a  portion  of  the  carbon  from  the 
cast  iron,  and  steel  is  left.  In  some  of  the  Welsh  ironworks  steel ' 
is  now  made  upon  the  bed  of  the  puddling  furnace  itself,  by  care- 
fully arresting  the  operation  at  a  stage  short  of  the  complete  oxi- 
dation of  the  carbon*  The  preparation  of  natural  or  puddled  steel 
is,  therefore,  an  intermediate  stage  in  the  conversion  of  cast  into 
wrought  iron.  Iron  which  contains  manganese  is  best  fitted  for 
the  preparation  of  this  kind  of  steel.  The  mass  thus  obtained  is 
rendered  homogeneous  by  forging.  It  yields  a  steel  of  inferior 
quality,  which  is  employed  for  making  agricultural  implements 
and  springs  for  machinery.  Krupp's  cast  steel,  made  at  Essen, 
near  Cologne,  is  a  puddled  steel,  containing  about  1*2  per  cent,  of 
carbon.  Castings  of  16  tons  in  weight  have  been  obtained  for 
ordnance  by  pouring  steel  melted  with  a  little  bar  iron  in  crucibles, 
each  holding  30  lb.,  into  the  mould,  1200  such  crucibles  being 
required  for  one  such  casting,  which  is  allowed  to  cool  very 
slowly  in  the  mould:  this  is  sometimes  not  opened  for  10  or  12 
weeks. 

For  more  delicate  purposes  blistered  steel  is  made  use  of:  this 
is  pbtained  by  means  of  cementation,  which  is  an  operation  just 
the  reverse  of  that  by  which  natural  steel  is  formed.  This  process 
is  carried  on  in  a  furnace  into  which  are  built  two  rectangiQar 
boxes  of  brickwork  or  stoneware,  for  the  reception  of  the  bars  of 
iron  which  are  to  be  converted  into  steel ;  the  fire-grate  is  between 
these  boxes,  around  which  the  flame  circidates  freely.  This  conver- 
sion is  effected  by  heating  the  iron  in  contact  with  powdered  char- 
coal,or  with  soot,  forming  what  is  technically  termed  cement  powder. 
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In  preparing  a  charge^  the  bottom  of  each  box  is  covered  irith  i 
layer  of  the  cement  powder  to  a  depth  of  about  an  inch  {^sT^f  ^'^ 
upon  this  a  layer  of  bars  of  the  best  malleable  iron  is  placed.  Tlie 
bars  are  generally  about  3  inches  (75"™*)  broad,  and  ^  inch  (i8"*) 
thick.     The  interstices  between  the  bars  are  also  filled  with  duur- 
coal  powder,  which  is  tightly  packed  around  the  iron ;  above  this 
is  a  layer  of  the  powder,  then  another  layer  of  bars^  and  so  on  in 
succession  until  the  box  is  nearly  full,  when  it  contains  firom  5  to  6 
tons  of  iron.     The  remaining  space  is  now  covered  with  a  layer 
of  damp  sand  of  from  3  to  6  inches  (8  to  15^  in  depth,  and 
the  fire  is  gradually  raised  to  a  full  red  heat,  or  to  about  the  tem- 
perature required  for  melting  copper,  1996°  (i09i°*i  C.)  ;  at  tldi 
point  it  is  steadily  maintained.     One  of  the  bars   of  iron  ii  so 
placed   that   it  can  be  removed  from  time  to  time  during  the 
operation,  for  the  purpose  of  ascertaining   the   process  of  the 
carburation  by  inspection.     The  process  is  usually  complete  in 
six  or  eight  days ;  but  the  time  required  necessarily  varies  wiA 
the  thickness  of  the  iron  bars  operated  on :  the  fire  is  then  gr^ 
dually  reduced,  and  the  fiimace  is  sufiered  to  cool   slowly,  an 
operation  which  lasts  ten   days  or  a  fortnight.     The  steel  thns 
obtained  retains  the  form  of  the  iron,  but  it  is  covered  with  Uefai 
or  blisters,  by  which  the  surface  is  rendered  irregiQar  and  uneven. 
The  mass  is  found  to  have  been  penetrated  by  carbon  which  his 
been  transferred  from  particle  to  particle  of  the  metal,  the  pro- 
perties of  which  it  has  completely  changed.     In  some  cases  then 
blisters  probably  arise  from  the  combination  of  parts  of  the  carbon 
with  oxygen  derived  from  particles  of  oxide  of  iron,  which  are  apt 
to  be  mechanically  retained  even  in  the  most  carefully  prepared 
bars.     Carbonic  oxide  would  thus  be  produced,  and  imprisoned 
in  the  tenacious  metal,  which  in  its  softened  state  would  be  raised 
by  it  into  bubbles  or  blebs.     Great  care,  however,  is  generally 
taken  to  exclude  slag  and  oxide  of  iron  from  bars  which  it  is  in- 
tended to  convert  into  steel :  so  that  in  the  majority  of  instances 
it  is  not  unlikely  that  the  blisters  are  occasioned  by  the  combina- 
tion of  carbon  with  the  sulphur  which  is  still  retained  by  the  iron, 
and  which,  by  forming  the  volatile   carbonic  disulphide,  would 
produce  the  effect  (T.  H.  Henry).     All  bar  iron  contains  traces 
of  sulphur;  but  in   steel  sulphur  is  seldom  present,  and  there 
appears  to  be  no  other  mode  of  accounting  for  its  general  absence 
than  its  removal  during  the   process  of  carburation  in  the  form 
of  carbonic  disidphidc. 

By  the  process  of  cementation  the  iron  has  been  combined 
with  about  1*5  per  cent,  of  carbon :  it  is  now  much  more  fusible 
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than  before.*  It  lias  likewise  entirely  lost  its  fibrous  texture  ; 
and  when  broken  across  exhibits  a  close^  fine-grained  fracture. 
Steel  may  also  be  made  without  direct  contact  with  carbon^  by 
simply  heating  the  bars  in  carburetted  hydrogen ;  but  this  pro- 
cess has  not  come  into  general  use.  Ghraham  has  shown  that 
iron  has  the  power  when  heated  to  redness  of  absorbing  or 
occluding  6  or  8  times  its  volume  of  carbonic  oxide^  which  it 
retains  on  cooling.  No  doubt  this  power  of  absorbing  the  gas  is 
intimately  connected  with  the  process  of  cementation  (70  a). 

Blistered  steel  is  ncTcr  homogeneous^  the  surface  being  always 
more  highly  carburetted  than  the  inner  portions  of  the  ban. 
This  variety  of  steel  is  employed  for  files,  tools,  and  hardware  of 
aU  descriptions.  When  blistered  steel  is  fused,  it  forms  cast  steel, 
which,  from  being  more  uniform  in  texture,  is  of  superior  quaUty, 
as  the  carbon  is  more  equally  distributed  throughout  the  mass  :  it 
is  employed  for  cutlery  of  the  best  description.  Tilted  steel  is  also 
obtained  from  blistered  steel;  this  is  first  broken  up  into  lengths 
of  about  18  inches  (or  45^')>  then  bound  into  fsEigots  and  raised 
to  a  welding  heat  in  a  wind  frimace,  where  it  is  covered  with 
sand,  which  combines  with  the  superficial  coating  of  oxide  of  iron 
and  forms  a  fusible  slag :  the  red-hot  fagot  is  then  rolled  and 
forged,  by  means  of  the  tilt-hammer,  into  smaller  bars.  All  steel 
is  improved  by  this  process  of  hammering  :  the  tilt  hammer  weighs 
about  2  cwt.,  and  strikes  200  or  300  blows  per  minute.  These 
tilted  bars,  when  broken  up  and  welded  together,  form  shear  steeL 

For  many  purposes,  the  addition  of  a  small  quantity  of  man* 
ganese  is  an  improvement  to  the  quality  of  the  steel.  K  about 
I  per  cent,  of  carbide  of  manganese,  or  of  a  mixture  of  charcoal 

*  According  to  Fremy,  steel  contains  alio  as  a  necessary  ingredient  a  minu^ 
qaantity  of  nitrogen,  which  it  has  been  suggested  may  be  in  the  form  of  cyano- 
gen. Caron,  however,  maintains  that  this  trace  of  nitrogen  is  not  essential. 
Bammelsberg  was  onable  to  detect  more  nitrogen  than  20  parts  in  a  million  of 
cast  iron.  Marchand  heated  both  cast  iron  and  steel  with  potassium  in  an  at- 
mosphere of  hydrogen,  and  also  heated  the  metal  with  soda-lime:  he  also 
borned  the  metal  by  heating  it  with  cupric  oxide,  but  did  not  obtain  more  than 
I  jo  parts  of  nitrogen  from  a  million  parts  of  the  metal,  and  often  a  mnch 
smaller  quantity.  He  considered  the  nitrogen  to  be  due  to  the  accidental  pre- 
sence of  foreign  impurities ;  and  this  is  certainly  the  most  probable  opinion ;  no 
instance  is  known  in  which  so  minute  a  quantity  of  matter  is  an  essential  con- 
stituent of  any  compound.  6ous«ingault  found  pure  iron  reduced  from  the 
oxide  in  hydrogen  gave  no  trace  of  nitrogen,  by  a  method  of  analysis  which  in- 
dicated in  soft  iron  50  milliontbs,  and  in  piano  wire  from  70  to  86  millionths, 
and  in  cast  steel  57  millionths  :  this  steel  also  contained  traces  of  sulphur.  The 
difficulty  of  excluding  such  minute  traces  of  nitrogen  in  the  course  of  the 
analysis  is  extreme,  eveu  in  the  hands  of  one  who,  as  in  this  case,  is  confessedly 
a  master.     (See  p.  600.) 
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and  black  oxide  of  manganese^  be  introduced  into  the  melting- 
pot^  a  steel  is  obtained  of  fine,  close  grain^  which  admits  of  bemg 
welded  to  wrought  iron ;  a  property  not  possessed  by  ordinaij 
steel.  The  experiments  of  Faraday  and  Stodart  led  them  to  ilie 
conclusion  that  the  addition  of  small  quantities  of  chromiun,  or 
of  rhodium^  to  good  steel,  furnished  a  steel  of  a  superior  kind. 
They  found  that  steel  may  be  alloyed  with  about  a  fiye  hxmdiedft 
of  its  weight  of  silver ;  and  with  platinum^  as  well  as  with 
rhodium,  and  with  osmium  and  iridium  in  all  proportions.  The 
combination  of  8  or  9  per  cent,  of  tungsten  with  ordinary  sted 
has  been  said  to  yield  a  material  remarkable  for  hardness  and 
elasticity,  but  experience  does  not  seem  to  justify  the  expectatioDi 
of  its  utility.  (Percy^s  Metallurgy,  vol.  ii.  p.  193.)  A  similar 
remark  is  also  applicable  to  titanium  steel  {lb.  p.  j68).  When 
steel  is  to  be  used  for  the  manufacture  of  dies  for  coinings  the 
presence  of  a  small  proportion  of  phosphorus  is  beneficial  (Brande). 

When  diluted  nitric  acid  falls  upon  steel,  a  dark  grey  spot  ii 
produced,  owing  to  the  solution  of  the  metal  in  the  acid  whilst  its 
carbon  remains  unacted  upon :  the  acid  produces  a  green  qpot 
upon  iron.  Nitric  acid  acts  unequally  upon  difierent  parts  of  the 
surface  in  certain  of  the  finer  varieties  of  steel,  and  thus  prodocei 
a  veined  appearance,  such  as  was  formerly  given  to  the  celebrated 
Damascus  blades.  The  Damascus  steel  is  more  highly  carbnretted 
than  ordinary  steel,  and  if  allowed  to  cool  slowly,  it  separates 
into  layers  of  two  different  degrees  of  carburation  (Br&nt) :  hence 
certain  parts,  when  acted  on  by  diluted  acid,  leave  more  carbon 
than  others ;  the  form  and  direction  of  these  veins  vary  with  Ae 
mode  of  forging  adopted. 

Wootz  is  a  finely  damasked,  hard  cast  steel,  of  excellent 
quality,  which  is  obtained  from  India.  Faraday  found  aluminmn 
in  a  sample  of  this  steel  which  he  analysed,  and  was  disposed  to 
refer  its  peculiar  qualities  to  the  presence  of  this  metal.  It 
appears,  however,  from  the  experiments  of  Henry  {PhU,  Mag,, 
July,  1852),  that  aluminum  is  not  always  present  in  wootz.  He 
gives  the  following  as  the  composition  of  a  bar  of  genuine  Indian 
wootz,  of  specific  gravity  7727  : — 

Carbon  |  *^°^^^"^  v ^'^^^ 

i  UDCombiued  0*312 

Silicon  ...  ...  ...  ...  ...  0*042 

Sulphur  ...  ...  ...  ...  ...  0*170 

Arsenicum  ...  ...  ...  ...  ...  0*036 

Iron  ...  ...  ...  ...  ...  ...  pS'ioo 

1 00*000 

Other  analysts  have  also  failed  in  finding  aluminum  in  woots. 
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The  physical  properties  of  steel  diflFer  materially  from  those  of 
iron.  As  already  mentioned,  steel  is  granular  in  texture,  brittle, 
and  more  easily  melted  than  iron.  Its  most  characteristic  pro- 
perty, however,  consists  in  its  power  of  assuming  a  hardness 
scarcely  inferior  to  that  of  the  diamond  when  heated  to  redness 
and  then  suddenly  cooled  by  plunging  it  into  water,  mercury,  or 
oil.  After  this  treatment  it  is  rendered  extremely  brittle,  and 
almost  perfectly  elastic.  It  can  then  no  longer  be  attacked  by 
the  file. 

This  extreme  hardness  and  brittleness  may  be  removed  by  the 
process  of  tempering,  which  is  a  peculiar  mode  of  annealing;  it 
consists  in  heating  the  steel  moderately,  and  then  allowing  it  to 
cool.  The  tempering  of  steel  is  an  operation  of  great  practical 
importance,  as  from  the  variety  of  purposes  to  which  steel  is 
applied,  it  is  required  of  very  diflFerent  degrees  of  hardness,  and 
upon  the  due  adjustment  of  this  quality  much  of  its  utility 
depends.  The  degree  to  which  the  temperature  is  raised  in  the 
second  heating,  regulates  this  point :  the  higher  the  heat,  the 
softer  is  the  steel.  In  practice,  the  workman  judges  with  suffi- 
cient accuracy  of  the  temperature  to  which  the  metal  has  been 
exposed,  by  observing  the  colour  which  the  steel  assumes  owing 
to  the  varying  thickness  of  the  film  of  oxide  which  is  formed  upon 
its  surface. 

The  first  perceptible  tint  is  a  light  straw  colour,  which  is  produced  by  the 
lowest  degree  of  heat,  and  indicates  the  hardest  temper ;  the  beat  required  is 
from  428°  to  446^  (220°  to  230°  C.) ;  it  is  used  for  lancets,  razors,  and  surgical 
instruments :  at  473*  (^45°  C.)  a  full  yellow  is  produced ;  it  is  the  temper  fitted 
for  scalpels,  penknives,  and  fine  cutlery.  Tbe  temperature  of  491*  (^55°  ^•) 
gives  a  brown-yellow,  wbich  is  the  temper  for  shears  intended  for  cutting  iron. 
At  509^  ("^^S^  ^')  ^®  ^^^  \xn^  of  purple  shows  itself:  this  is  the  temper  em- 
ployed for  pocket-knives  ;  j  18°  (270°  C.)  gives  a  purple,  which  is  the  tint  for 
table  and  carving-knives.  A  temperature  of  from  536*  to  572*  (280**  to  300°  C.) 
produces  various  shades  of  blue,  snch  as  are  used  for  watch-springs,  sword- 
blades,  saws,  and  instruments  requiring  great  elasticity.  The  different 
degrees  of  heat  may  be  exactly  regulated  by  heating  the  different  articles 
in  a  fusible  metal-  or  oil-bath,  the  temperature  of  which  is  ascertained  by 
means  of  thermometers,  though  in  ordinary  cases  this  d^ee  of  nicety  is  not 
observed. 

Hardened  steel  is  somewhat  less  dense  than  wrought  steel. 
It  appears  that  a  portion  of  the  carbon  contained  in  steel,  before 
the  alloy  has  been  hardened,  is  in  the  uncombined  state ;  this 
portion  is  left  in  the  form  of  graphitic  scales  when  the  metal  is 
dissolved  in  hydrochloric  acid  :  but  after  the  steel  has  been 
hardened,  the  whole  of  the  carbon  is  chemically  imited  with  the 
iron ;  and  when  treated  with  acids,  is  left  in  the  form  of  a  liquid 
hydrocarbon.  Before  it  has  been  hardened  it  may  be  worked  as 
II.  P  P 
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eaaily  as  iron,  and  in  certain  cases  may  be  welded  upon  that 
metal.  Instruments  are  completely  finished  in  the  soft  statejand 
are  then  hardened  and  subsequently  tempered. 

It  is  sometimes  desirable  to  convert  articles  mami&ctuied 
from  soft  iron  superficially  into  steel.  This  is  termed  eoie* 
hardening,  and  is  effected  by  heating  them  in  contact  with 
powdered  cast-iron  turnings^  or  sometimes  with  powdered  chaiooaL 
The  same  object  is  attained  if  they  are  sprinkled  when  red-hot, 
with  powdered  potassic  ferrocyanide. 

(75a)  Preparation  of  pure  Iron, — In  order   to   obtain  irwi 
chemically  pure^  Berzelius  reconmiends  that  filings  of  the  best 
bar  iron  be  intimately  mixed  with  one-fifth  of  their  weight  of 
pure  ferric  oxide,  and  placed  in  a  Hessian  crucible,  covered  with 
poimded  glass  (free  from  lead) ;  the  cover  is  then  to  be  carefiillf 
luted  on,  and  the  crucible  to  be  exposed  for  an  hour  to  the 
strongest  heat  of  a  smith's  forge.     By  this  means^  all  traces  of 
carbon  and  of  silicon  are  oxidized  at  the  expense  of  the  oxj^en 
of  the  ferric  oxide,  whilst  the  excess  of  oxide  forms  a  fusible  slag 
with  the  glass.     If  the  operation  be  successful,  the  iron  will  he 
melted  into  a  button,  with  a  lustre  approaching  that  of  silTer. 
Such  iron  is  very  tough,  and  much  softer  than  ordinary  bar  iron: 
it  has  a  sp.  gr.  of  7*8439.     Pure  iron  may  also  be  obtained  in  the 
state  of  fine  powder,  by  decomposing  the  pure  sesqiiioxide  at  a  red 
heat  in  a  current  of  hydrogen  gas.     Iron  has  been  obtained  in 
hollow  tetrahedra,  apparently  belonging  to  the   cubic    system, 
by  reducing  ferrous  chloride  in  a  current  of  pure  hydrogen.    It 
may  be  deposited  in  flexible  laminae  from  a  mixed  solution  of 
ferrous   chloride   and  ammonic  chloride,  by  the  action  of  the 
voltaic  current. 

(753)  Properties  of  Bar  Iron. — ^The  bar  iron  of  commerce  ii 
never  pure.  It  always  retains  small  quantities  of  carbon,  vary- 
ing from  o'2  to  0*4  per  cent.,  and  traces  of  silicon  and  sulphur; 
occasionally,  also  of  phosphorus  and  arsenicum.  The  presence 
of  this  small  quantity  of  carbon  much  increases  its  hardness  and 
tenacity,  but  the  other  ingredients  act  injuriously  upon  the  metal 

Bar  iron  has  a  bluish- white  or  grey  colour,  and  is  endowed 
with  considerable  lustre  and  hardness ;  it  takes  a  high  polish :  its 
texture  is  usually  fibrous,  and  when  broken  across  it  exhibits  1 
ragged  or  hackly  fracture ;  when  rubbed,  it  emits  a  peculiar  cha> 
racteristic  odour.  The  average  specific  gravity  of  good  bar  iron 
is  7*7.  It  requires  the  most  intense  heat  of  a  wind  furnace  for 
its  fusion.     Iron  passes  through  a  soft  pasty  condition  before  it 
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is  completely  melted ;  this  property  is  one  of  great  practical  im- 
portance :  if  two  pieces  of  iron  be  heated  to  whiteness^  sprinkled 
with  sand^  and  hammered  together^  they  may  be  united  or  welded 
80  completely^  that  the  junction  is  as  tough  as  any  other  part  of 
the  metal.  The  sand  is  used  as  a  flux  to  the  oxide  of  iron^  with 
which  it  forms  a  slag  which  coats  each  piece  of  the  metal;  by 
the  blow  of  the  hammer  this  layer  of  melted  matter  is  forced  out, 
and  the  two  clean  surfaces  of  metal  become  united  together.  At 
a  red  heat  iron  may  be  forged  into  any  shape  with  facility,  though 
at  ordinary  temperatures  it  possesses  but  little  malleability,  as 
compared  with  gold  and  silver.  It  however  admits  of  being 
rolled  into  very  thin  sheets.  In  ductility,  iron  stands  very  high 
in  the  scale,  and  in  tenacity  it  far  exceeds  all  other  known  sub- 
stances, with  the  exception  of  cobalt  and  nickel. 

K  compared  with  other  metals,  iron  is  inferior  to  many  of 
them  as  a  conductor  of  heat  and  of  electricity.  Its  susceptibility 
to  magnetism  is  peculiar ;  no  other  metal  exhibiting  this  property 
in  any  marked  degree,  excepting  cobalt  and  nickel,  and  in  them 
the  power  is  developed  to  a  much  smaller  extent.  But  though 
iron  in  its  pure  state  is  susceptible  of  magnetic  induction,  it 
cannot  be  permanently  magnetized  unless  it  be  combined  with 
carbon,  as  in  steel ;  with  oxygen,  as  in  the  loadstone  (FcjO J  ;  or 
with  sulphur,  as  in  certain  varieties  of  pyrites  (Fe^SJ,  and  (Fe^Sg). 
It  is  especially  worthy  of  observation,  that  if  oxygen  or  sulphur 
be  present  in  quantity  either  greater  or  less  than  in  these  parti- 
cular compoimds,  not  only  is  the  power  of  retaining  magnetism 
destroyed,  but  the  mass  becomes  almost  indifferent  to  the  action 
of  a  magnet.  Iron  loses  nearly  all  its  magnetic  power  when 
heated  to  redness,  but  recovers  it  again  on  cooling. 

At  a  high  temperature  iron  bums  readily,  emitting  vivid 
scintillations,  as  may  be  seen  at  the  blacksmith^s  forge,  or  still 
more  brilliantly  when  a  glowing  wire  is  introduced  into  a  jar  of 
oxygen.  In  a  very  finely  divided  state,  such  as  that  produced  by 
reducing  precipitated  ferric  oxide  at  a  low  temperature  in  a  cur- 
rent of  hydrogen  gas,  the  metal  takes  fire  by  mere  exposure  to 
the  atmosphere.  K  a  small  quantity  of  alumina  be  precipitated 
with  the  ferric  oxide,  so  as  to  interpose  some  foreign  matter  be- 
tween the  particles  of  the  metal,  this  pyrophoric  property  is  much 
increased,  A  polished  mass  of  the  metal,  however,  preserves  its 
lustre  unchanged  in  dry  air  at  ordinary  temperatures  for  an  un- 
limited time,  but  when  exposed  to  a  moist  atmosphere,  so  that 
water  in  the  liquid  form  shall  be  deposited  upon  the  metal,  its 
surface  is  quickly   altered,  and  it  becomes   covered   with  rust. 

p  p  2 
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When  once  a  spot  of  mst  begins  to  show  itaelf^  the  oridation  pn>- 
ceeds  rapidly  :  moisture  is  absorbed  firom  the  air  by  the  KJfnik, 
and  thns  a  species  of  Toltaic  action  is  piodoced^  the  cndde  per- 
forming the  part  of  an  electronegatiye  element^  whihit  the  iron 
becomes  electropositive^  and  the  atmospheric  moisture  acta  astlie 
exciting  liquid.  The  carbonic  acid  derived  from  the  air  con- 
tributes in  an  important  way  towards  increasing  the  rapidity  widi 
which  this  change  occurs  ;  but  it  is  not  indispensable.  It  appeui 
that  usually  hydrated  ferrous  carbonate  is  first  formed ;  this  ii 
afterwards  decomposed  by  the  further  absorption  of  oxygen  hj 
which  it  is  couTcrted  into  the  hydrated  sesquioxide,  or  nut  of 
iron,  whilst  the  liberated  carbonic  acid  forms  a  firesh  portioii  of 
ferrous  carbonate  :  a  portion  of  water  is  deoxidised  in  the  prooeSy 
and  hydrogen  is  eyolved ;  if  a  considerable  heap  of  iron  tamiDgi 
be  moistened  and  exposed  to  air,  the  peculiar  odour  of  hydrogeiii 
as  CYolved  from  a  metallic  carbide,  is  perceived,  and  the  tempen- 
ture  of  the  mass  rises  considerably.  Iron  rust  always  containi 
ammonia,  derived  probably  firom  the  reaction  of  the  nascent 
hydrogen  of  the  water  upon  the  nitrogen  of  the  atmosphere, 
which  is  dissolved  in  the  water  with  which  the  metal  is  moistened. 
Even  the  native  oxides  of  iron  invariably  contain  traces  of 
ammonia  (Chevallier).  Iron  may  be  kept  for  any  length  of  time 
without  imdergoing  any  change  in  water  quite  free  from  air,  as 
well  as  in  lime-water,  or  in  water  containing  a  little  caustic  or 
carbonated  alkali,  but  the  alkaline  bicarbonates  do  not  exert  this 
protective  action.  At  a  red  heat  iron  decomposes  water  rapidly, 
and  liberates  hydrogen  (345),  whilst  the  iron  is  converted  into 
minute  crystals  of  the  black  or  magnetic  oxide ;  the  following 
equation  illustrates   the  chemical  change:  4H20+3Fe=4H,+ 

Chlorine,  bromine,  and  iodine  combine  quickly  with  iron,  and 
dissolve  it  easily  at  ordinary  temperatures,  if  the  metal  be  digested 
with  them  in  water.  Iron  is  soluble  in  diluted  sulphuric  and 
hydrochloric  acids,  with  extrication  of  hydrogen.  Even  carbonic 
acid,  when  contained  in  water  firom  which  air  is  excluded,  slowly 
dissolves  this  metal  with  extrication  of  hydrogen,  and  the  fenroos 
carbonate  is  dissolved  in  the  excess  of  carbonic  acid.  Concen- 
trated  sulphuric  acid  has  very  Mttle  action  on  iron,  even  when 
boiled  upon  it — a  slow  solution,  attended  with  the  evolution  of 
sulphurous  anhydride,  occurring :  but  the  metal  is  rapidly  attacked 
by  nitric  acid,  with  abundant  evolution  of  nitric  oxide. 

(754)  Passive  Condition  of  Iron, — Under  certain  circumstanoes  iron  wmj 
be  kept  in  concentrated  nitric  acid  for  weeks,  without  the  slightest  actioo,  or 
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alteratiun  of  the  polish  of  its  sorfiuse.  There  are  yarious  methods  of  prodncing 
this  poisive  condition  of  iron  in  an  acid  of  a  moderate  degree  of  concentration ; 
some  of  these  seem  to  indicate  an  intimate  connexion  with  its  voltaic  relations. 
This  will  be  rendered  evident  from  the  following  statement  of  some  of  the  chr- 
camstances  under  which  this  remarkable  phenomenon  is  manifested : — If  a  piece 
of  clean  iron  wire  be  introduced  into  nitric  acid  of  a  sp.  gr.  of  about  i*35»  im- 
mediate and  brisk  action  ensues ;  but  if  the  metal  be  touched  beneath  Uie  sur- 
face of  the  liquid  with  a  piece  of  goid,  of  platinum,  or  of  plumbago,  the  chemical 
action,  contrary  to  what  might  have  been  anticipated,  is  suddenly  arrested  if  the 
temperature  of  the  acid  has  not  been  allowed  to  rise  too  high.  If  a  second  iron 
wire  be  made  to  touch  the  first,  and  then  be  introduced  into  the  acid,  it  also  is 
rendered  inactive.  This  second  wire  may  be  used  in  like  manner  to  render  a 
third  inactive.  But  if  any  of  these  inactive  wires  be  withdrawn  from  the  acid, 
and  exposed  to  the  air  for  a  few  seconds,  it  will  be  found  to  be  rapidly  acted  on 
upon  again  introducing  it  into  the  acid.  If  whilst  in  the  acid  the  iron  wire 
be  made  the  zincode  of  a  voltaic  arrangement,  oxygen  gas  is  evolved  from  the 
surface  of  the  iron,  but  does  not  combine  with  it.  If,  on  the  contrary,  a  piece 
of  passive  iron  be  made  the  platinode  or  n^^ve  plate  of  the  arrangement,  it  is 
immediately  attacked  by  the  acid. 

By  heating  the  end  of  a  clean  iron  wire  in  the  flame  of  a  spirit-lamp  so  as 
to  give  it  a  superficial  coating  of  oxide,  the  wire  is  brought  into  the  passive  con- 
dition.* If  into  acid  containing  a  passive  wire,  a  second  ordinary  wire,  not  in 
contact  with  the  first,  be  introduced,  brisk  action  on  the  ordinary  wire  ensues ; 
and  on  causing  the  passive  wire  to  touch  the  active  one,  action  immediately 
occurs  on  both. 

Strong  nitric  acid,  of  sp.  gr.  i*4j,  renders  all  iron  passive;  the  metal  may 
be  kept  in  it  for  years  without  losing  its  brilliancy  or  showing  any  action ;  and 
a  wire  withdrawn  from  the  strong  acid  and  plunged  into  acid  of  1*35,  still  re- 
mains passive.  If  it  be  wiped  first,  and  then  plunged  into  the  weaker  add,  it 
immediately  begins  to  be  dissolved.  If  the  acid  be  diluted  below  a  density 
of  1*35,  it  dissolves  the  metal  rapidly,  whatever  may  have  been  its  previous 
condition. 

suicide  of  Iron, — Iron  combines  in  various  proportions  with  silicon,  fur- 
nishing a  brittle,  white,  fusible  crystalline  mass,  which  is  but  slowly  attacked  by 
hydrochloric  acid.  Hahn  obtained  a  definite  compound  Fe^Si,  of  sp.  gr.  6*611, 
oontuning  20*3  per  cent,  of  silicon,  by  fusing  at  a  prolonged  high  temperature 
ferrous  sodio-chloride  (obtained  by  fusing  40  parts  of  iron,  150  of  sal  ammoniac, 
and  80  of  common  salt)  with  a  mixture  of  5  parts  of  silicon,  25  of  sodium,  and 
25  of  fluor-spar. 

It  is  probable  that  a  compound  of  SiFe  also  exists,  which  would  contain  ^y^ 
per  cent,  of  silicon. 

(755)  -^^ioys  of  Iron, — Iron  forms  alloys  with  most  of  the 
metals ;  but  they  are  not  in  general  of  much  importance.  The 
presence  of  small  quantities  of  silver^  of  copper^  of  arsenicumj  or 
of  sulphur^  in  iron^  is  said  to  occasion  a  defective  quality  of  metal^ 


*  Similar  effects  are  produced  with  wires  of  cobalt  or  of  nickel,  though  with 
them  the  action  is  less  strongly  marked  (Nickl^).  Such  wires,  if  placed  in 
voltaic  relation  with  an  active  wire  of  the  same  metal,  are  found  to  be  strongly 
electronegative  towards  it;  but  passive  iron,  cobalt,  and  nickel  are  electro- 
positive in  relation  to  platinum.  Andrews  has  shown  that  bismuth  also  may  be 
rendered  passive  in  concentrated  nitric  acid. 
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technically  known  as  red  short.  Such  iron  is  tough  at  ordinaij 
temperatures^  but  becomes  brittle  when  heated  to  redness  isx 
forging.  The  presence  of  a  quantity  of  antimony  not  exceeding 
0*23  per  cent.^  was  found  by  Karsten  to  render  it  both  cold  short 
and  red  short. 

The  mode  of  preparing  zinc-plate  or  galvanized  iron  has  been 
already  described  (707).  Tin-plate  is  prepared  by  an  analogoos 
process;  it  consists  of  iron  superficially  alloyed  with  tin  (811). 

(756)  Oxides  of  Iron. — Iron  yields  four  definite  componnds 
with  oxygen  :  i.  HhQ  protoxide  (FeO),  which  is  the  base  of  the 
green,  or  ferrous  salts  of  iron  :  2.  The  sesquioxide  (FcjOj),  whidi 
is  the  base  of  the  red,  or  ferric  salts :  3.  The  black,  or  magndk 
oxide  (Fe^OJ,  which  may  be  viewed  as  a  compound  of  the  two 
preceding  oxides,  or  (FeO,Fe203) ;  it  does  not  form  any  definite 
salts :  4.  Ferric  acid,  the  anhydride  of  which  is  unknown ;  it  is 
a  weak  and  unstable  metallic  acid,  and  as  such  it  reacts  with  the 
alkalies,  forming  salts  like  potassic  ferrate  K^FeO^. 

Ferrous  Oxide  ;  Protoxide  of  iron  (FeO =72) ;  Comp,  in  ico 
parts,  Fe,  7778 ;  O,  22*22. — It  is  obtained  in  the  form  of  a  white 
hydrate  by  dissolving  a  pure  ferrous  salt  in  water  recently  boiled^ 
and  precipitating  it  by  an  alkali  the  solution  of  which  has  been 
similarly  treated,  both  being  allowed  to  cool  out  of  contact  with 
air,  and  being  mixed  in  vessels  from  which  air  is  excludedl  If 
this  precipitate  be  boiled  in  a  vessel  from  which  oxygen  is  ex- 
cluded, it  loses  its  water  of  hydration,  like  cupric  oxide  under 
similar  circumstances.  Hydrated  ferrous  oxide  absorbs  oxygen 
greedily  from  the  air,  passing  through  various  shades  of  light 
green,  bluish  green,  and  black,  tiU  finally  it  assumes  an  ochiy 
hue,  due  to  the  formation  of  the  hydrated  sesquioxide.  It  is  in- 
soluble in  water,  but  is  somewhat  soluble  in  ammonia ;  this  solu- 
tion quickly  absorbs  oxygen  from  the  air,  and  a  film  of  insoluble 
ferric  oxide  is  formed  upon  its  surface.  Ferrous  oxide  is  readily 
dissolved  by  acids,  and  forms  with  them  salts  which  are  known 
as  lAiQ  ferrous  salts  or  protosalts  of  iron ;  they  have  a  green  colour, 
and  an  astringeut,  inky  taste.  The  solutions  of  these  salts,  when 
exposed  to  the  air,  absorb  oxygen  gradually,  and  are  decomposed ; 
in  which  case  ferric  salts  are  formed,  one  portion  of  which  is  re- 
tained in  solution,  whilst  a  basic  ferric  salt  falls  as  a  rusty  in- 
soluble precipitate.  For  example,  in  the  case  of  ferrous  sulphate, 
the  change  may  be  represented  as  follows  : — 

Fmtooi  Soluble  ferrio  Intohible  fi 

■iilphAte.  flulphate.  ralphate, 


4oFe"SO^+50,+6H,0=6[(Fe"')j3SOJ  +  3(aFe"',0„SOy3H,0), 
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(757)  Ferric  Oxide  j  Peroande,  Bed  oxtde,  or  Sesquioxide  of 
iron  (Fe"'j,03=i6o);  Comp.  in  lOO  parts,  Fe,  70;  O,  30. — ^The 
anhydrous  sesquioxide  is  obtained  for  the  arts  by  igniting  the 
ferrous  sulphate  (767)^  and  is  known  under  the  names  of  co/- 
cothar,  crocus  of  Mars,  or  rouge,  according  to  the  degree  of  levi- 
gation  to  which  it  has  been  submitted;  it  is  extensiyely  em- 
ployed, amongst  other  uses,  for  polishing  glass,  and  by  jewellers 
for  putting  a  finish  to  their  goods.  It  is  also  employed  as  a  red 
pigment. 

The  sesquioxide  occurs  native  in  great  abundance  :  seyeral  of 
its  varieties  have  been  already  mentioned  as  among  the  most 
valuable  ores  of  iron.  The  specular  ore  of  Elba  (sp.  gr.  5'a2) 
often  presents  natural  facets  of  the  most  perfect  polish,  and  of 
remarkable  size  and  lustre.  It  occurs  crystallized  in  forms  of  the 
rhombohedral  system,  and  is  isomorphous  with  alumina  in  co- 
rundum. Bed  hsematite,  or  bloodstone  (sp.  gr.  from  4*8  to  5*0), 
another  of  its  varieties,  is  extremely  hard,  and,  when  poUshed,  is 
employed  for  burnishing  gilt  trinkets. 

Hydrates  of  Ferric  Oxide. — ^There  are  several  of  these.  Brown 
haematite  is  the  hydrate  (aPe203,3Hj,0)  sp.  gr.  3*98.  This  mineral 
is  readily  dissolved  by  acids.  It  contains  59*89  per  cent,  of  iron, 
with  35*67  of  oxygen,  and  14*44  ^^  water.  Another  native  hydrate, 
gothite  (Hj,0,Fej,03 ;  sp,  gr.  4*12  to  4*37)  has  been  found  crys- 
tallized in  prisms.  Brown  hsematite  gives  the  red  and  yellow 
colour  to  the  different  varieties  of  clay. 

The  sesqaioxide  is  best  obtained  in  a  state  of  purity,  by  precipitating  the 
ferric  chloride  by  ammonia  in  excess.  It  &lls  as  a  balky  light-brown  floocalent 
hydrate,  which  shrinks  remarkably  as  it  dries :  if  precipitated  in  a  cold  solution, 
and  dried  without  heat  over  sulphuric  acid,  it  contains  2Fe,0,,3H,0  (St.  Gilles), 
but  it  is  apt  to  retain  a  little  ammonia,  which  is  easily  expelled  by  heat.  The 
same  hydrate  is  also  formed  when  moist  iron  is  allowed  to  become  oxidized  by 
exposure  to  air.  If  the  hydrate  be  not  dried,  but  allowed  to  remain  for  some 
months  under  water,  it  becomes  crystalline,  and  according  to  Wittstein,  is  con- 
verted into  an  allotropio  hydrate  (2Fe,0,,3H,0  P),  but  if  dried  at  100**  C.  it  retains 
lo'ii  per  cent  of  water,  corresponding  in  composition  to  (Pe,0,,H,0).  Hydrated 
ferric  oxide  slowly  parts  with  its  water  at  a  prolonged  heat  of  608^  (320^  C), 
and  if  subsequently  heated  to  dull  redness,  it  suddenly  contracts  in  bulk,  and 
glows  brightly  for  a  few  moments  whilst  undergoing  molecular  change ;  after 
this  it  is  dissolved  by  acids  with  difficulty,  but  is  more  readily  attacked  by  a 
solution  of  ferrous  chloride  in  hydrochloric  acid :  at  a  very  high  temperature  the 
sesquioxide  loses  one-ninth  of  its  oxygen,  and  is  converted  into  Uie  magnetic 
oxide  of  iron. 

Hydrated  ferric  oxide^  when  recently  precipitated  from  cold 
solutions^  is  easily  soluble  in  acids^  forming  the  persalts  of  iron,  or 
ferric  salts ;  they  have  a  strongly  acid  reaction^  and  do  not  crys- 
tallize :  many   of  them  are  deliquescent.     Their   concentrated 
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solutions  have  the  property  of  dissolving  a  considerable  excess  of 
the  oxide^  in  which  case  they  assume  a  deep  red  oolonr.  If 
these  basic  solutions  be  diluted  and  boiled^  the  iron  ia  entirely 
separated  in  the  form  of  an  insoluble  ferric  subsalt. 

If  well  washed  and  freshly  precipitated  hydrated  ferric  ozide»  obtained  \j 
the  action  of  ammonia  upon  ferric  chloride  in  the  oold»  be  boiled  in  water  £or  i 
few  minutes,  it  becomes  converted  into  the  hydrate,  Fe,0,,H,0 ;  bat  if  ths 
ebullition  be  continued  for  8  or  lo  hours,  its  colour  becomes  changed  fion 
ochry  brown  to  brick  red,  and  it  is  converted  into  an  allotropic  modification  of 
the  same  hydrate,  and  by  prolonged  boiling  a  portion  of  it  even  loaei  all  Ha 
water.  This  modified  oxide  is  insoluble  in  strong  boiling  nitric  acid,  and  ooly 
slowly  soluble  in  hot  hydrochloric  acid.  Cold  acetic  acid,  and  cold  diluted  hy- 
drochloric and  nitric  aods  dissolve  it,  forming  a  red  liquid  which  appears  to  h 
turbid  by  reflected  light ;  concentrated  nitric  or  hydrochloric  acid  oocasiooB  a  id 
precipitate  in  this  solution,  but  it  becomes  redissolved  on  the  addition  of  water. 
The  solution  is  also  precipitated  by  the  addition  of  any  sulphate,  or  of  any  niti 
of  the  alkali-metals.  If  the  ordinary  hydrated  ferric  oxide  be  kept  long  in 
water,  especially  if  at  the  same  time  it  be  exposed  to  a  low  temperatnre,  it  ex- 
periences a  similar  modification  in  composition  and  propertiea.  An  acetic  soli- 
tion  of  this  oxide,  if  kept  for  some  time  in  a  closed  vessel  at  loo^  C,  beoomei  d 
a  brighter  red  colour.  It  appears  to  be  turbid  when  viewed  by  reflected  lighti 
but  clear  by  transmitted  light.  It  has  lost  its  astringent  metallic  taste.  Tlie 
addition  of  a  soluble  sulphate  causes  an  immediate  precipitate,  and  so  do  the 
strong  acids :  it  is  no  longer  reddened  by  the  addition  of  a  sulphocyanide,  ni 
does  not  give  a  precipitate  of  Prussian  blue  with  potassic  ferrocyanide  (P^  di 
St.  Gilles,  Ann.  de  Chimie,  III.  xlvL  47).  Graham  found  that  if  a  solutioo  of 
ferric  chloride,  in  which  a  large  quantity  of  hydrated  ferric  oxide  had  been  dis- 
solved by  prolonged  digestion  in  the  cold,  were  submitted  to  dialjrsis,  a  soloiiai 
was  eventually  obtained  which  contained  a  proportion  of  98*5  of  the  oxide  ni 
1*5  of  hydrochloric  acid.  This  solution,  however,  in  a  few  weeks  became  fgdA 
nous  spontaneously  in  the  bottle  to  which  it  was  transferred. 

Hydrated  ferric  oxide  is  now  used  to  some  extent  for  the 
purpose  of  purifying  coal-gas  from  sulphuretted  hydrogen^  which 
is  always  produced  during  the  distillation  of  coal.  For  this  pur- 
pose the  oxide  is  mixed  with  sawdust,  and  placed^  in  layers  of  ic 
or  12  inches  (25  or  30  cm.)  in  thickness^  upon  the  perforated 
shelves  of  a  dry  lime  purifier  :  hydrated  ferric  sesquisulphide  and 
water  are  formed  ;  Yefi^,x  Hj,0+3Hj,S=Fe5,S8,a?  HjjO+3H,0. 
After  the  mixture  has  ceased  to  absorb  any  more  sulphuretted 
hydrogen^  it  is  oxidized  by  exposure  to  a  current  of  air  ;  hydrated 
ferric  oxide  is  thus  reproduced^  and  sulphur  is  set  firee ;  aFegSp 
xRfi'{-2,0^^%¥e^0^x'S,jd'{-^'&^.  The  mixture  may  again  be 
used  for  the  same  purpose  as  at  firsts  and  this  process  may  be 
repeated  several  times  in  succession^  until  the  accumulation  of 
sulphur  mechanically  impairs  the  absorbent  powers  of  the  mix- 
ture. Considerable  elevation  of  temperature  attends  the  act  of 
reoxidation^  which  must  therefore  be  prevented  from  taking  place 
with  too  much  rapidity. 
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Ferric  oxide  combines  with  some  of  the  more  powerful  bases,  towards  which 
it  acts  the  part  of  a  feeble  acid.  The  compounds  which  it  forms  bj  heating  it 
with  the  potassic  and  sodic  hydrates  are  easily  decomposed  by  wiU»r,  bat  the 
oxide  retiuns  traces  of  these  bases  with  great  obstinacy.  According  to  Pelonze, 
when  4  atoms  of  lime  and  i  atom  of  ferric  oxide  are  precipitated  together  and 
boiled,  they  miite  and  form  a  white  compound  (4CaO,Fe,0,)  which  is  readily  de- 
composed by  the  feeblest  acids.  Ferric  oxide  occurs  native  combined  with  zincio 
oxide  in  crystals,  mixed  with  oxide  of  manganese,  constituting  Franklinite, 
With  ferrous  oxide  it  forms  the  black  or  magnetic  oxide  of  iron. 

(758)  BkLck  or  Magnetic  oxide  of  iron  (FcjOJ  ;  Sp.  Gr.  5*09 ; 
Camp,  in  100  parts,  Fe,  73*41 ;  O,  27*59. — "^^  oxide  occurs  as  a 
well-known  mineral^  the  loadstone,  which  acquires  its  magnetism 
from  the  inductive  influence  of  the  earth.  It  is  found  in  primi- 
tive rocks^  forming  beds^  or  sometimes,  as  in  Sweden,  entire  moun- 
tains. It  farmshes  a  very  pure  and  excellent  iron,  of  which  a 
lai^  quantity  is  annually  supplied  from  the  Swedish  and  American 
mines.  It  has  a  black  colour  and  metallic  lustre ;  it  crystallizes 
in  cubes,  octohedra,  or  rhombic  dodecahedra.  Magnetic  oxide  of 
iron  is  the  principal  constituent  of  the  scales  of  oxide  which  are 
detached  during  the  forging  of  wrought  iron.  It  fuses  at  a  high 
temperature,  and  is  formed  when  iron  is  burned  in  oxygen, — ^the 
sesquioxide,  which  is  the  result  of  the  combination,  losing  part  of  its 
oxygen,  owing  to  the  intensity  of  the  heat  developed  during  the 
combustion.  The  magnetic  oxide  is  also  formed  by  passing  steam 
over  heated  iron  turnings.  A  hydrate  of  this  oxide  (FcjO^HgO) 
may  be  procured  by  dividing  a  freshly  prepared  solution  of  ferrous 
sulphate  into  three  equal  portions :  two  of  these  are  acidulated 
with  sulphuric  acid  and  heated  to  the  boiling-point ;  to  the  boiling 
liquid  nitric  acid  is  added  gradually  so  long  as  its  addition  causes 
the  evolution  of  nitric  oxide :  when  this  point  is  reached,  the 
whole  of  the  ferrous  salt  will  have  been  converted  into  a  ferric 
salt;  6  Fe''S0^-f-3  Hj,SO^+a  HNO3  =  3  (Fe''',  3  SO  J  +  aNO  + 
4HgO :  the  remaining  portion  of  the  solution  of  the  ferrous  sul- 
phate is  then  poured  into  the  hot  liquid,  and  sodic  carbonate  or 
caustic  ammonia  is  added  in  slight  excess  :  the  solution  and  pre- 
cipitate are  boiled  together,  and  the  black  oxide  is  formed  as  a 
heavy  crystalline  powder.  The  magnetic  oxide  is  soluble  without 
difficulty  in  hydrochloric  acid,  as  well  as  in  nitric  acid  and  in 
aqua  regia  :  this  oxide,  however,  when  treated  with  adds  does  not 
form  specific  salts,  but  mixtures  of  ferrous  and  ferric  salts ;  for 
example,  FcjO^ -f- 4H,S0^= Fe^SO^ + Fe'"jj3S04 4-  ^Hfi. 

If  recently  precipitated  hydrated  ferric  oxide,  obtained  from 
ferric  chloride  by  ammonia,  be  well  washed,  and  without  being 
dried  be  boiled  with  water  and  iron  turnings  in  large  excess^ 
hydrogen  is  evolved,  and  magnetic  oxide  of  iron  formed. 
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(759)  F<srric  acid  (H,FeO^  =  122).— If  a  mixture  of  i  part  of  finrie  oak 
and  4  parts  of  nitre  be  heated  to  full  redness  for  some  time,  a  brown  mass  is  ob> 
tained,  which  with  water  gives  a  beautiful  violet-ooloured  solution,  due  to  tbe 
presence  of  potassic  ferrate.  In  this  compound  the  iron  is  combined  witk  1 
larger  quantity  of  oxygen  than  in  the  sesquioxide,  but  the  ferric  anhydride  kv 
not  been  obtained  in  an  isolated  form.  Potassio  ferrate  may  be  more  easQy  pco- 
cured  by  suspending  i  part  of  recently  precipitated  hydrated  ferrio  oxide  io  1 
concentrated  solution  of  potash,  consisting  of  30  parts  of  potassio  hjdrate  and  50 
of  water,  and  then  transmitting  a  current  of  chlorine  gas :  the  potnssic  fenits  ii 
insoluble  in  a  concentrated  solution  of  potash,  and  is  deposited  as  a  black  powder, 
which  may  be  drained  upon  a  tile  (Fremy).  This  compound  is  Tory  soluUe  ii 
water,  but  is  precipitated  in  black  flooculi  by  a  large  excess  of  alkali*  It  ii  i 
very  unstable  salt :  in  dilute  solutions  the  alkali  becomes  free,  hydrated  ftnie 
oxide  subsides,  and  oxygen  escapes.  Organic  matter  decomposes  it  speedflj, 
just  as  it  does  the  potassic  permanganate :  a  temperature  of  100^  C.  destroji  it 
instantly  if  in  solution,  and  the  addition  of  an  acid,  even  in  quantity  insuffidot 
to  neutralize  the  whole  of  the  alkali,  causes  the  immediate  separation  of  oxjgcii 
and  precipitation  of  ferric  oxide. 

Baric,  strontic,  and  calcic  ferrates  may  be  obtained  in  the  form  of  red  in- 
soluble precipitates,  by  admixture  of  scdutions  of  the  salts  of  the  earths  with  i 
solution  of  potassic  ferrate. 

Hydride  qf  Iron, — Wanklyn  andCarins  have  described  a  compound  of  hydio* 
gen  with  iron  procured  by  the  action  of  ferrous  iodide  on  sdnc-ethyL  It  hai  not 
been  analysed,  but  is  described  as  a  black  powder  which  evolves  pure  hydrogen 
when  gently  heated :  hydrochloric  acid  dissolves  it  with  evolution  of  hydioges. 

(760)  Nitrides  of  Iron, — When  iron  wire  is  heated  in  a  current  (^  diy  ib- 
moniacal  gas  for  some  hours  it  becomes  brittle,  but  does  not  usually  gain  ii 
weight  more  than  about  o'2  per  cent.  Despretz,  however,  obtained  a  oompoosd 
of  iron  with  nitrogen  in  which  jog  parts  of  iron  increased  to  1 1 1*5,  becoming  lev 
dense,  brittle,  whitish,  and  less  oxidizable  than  pure  iron.  Sulphuric  add  <&■ 
solves  this  nitride  easily  with  evolution  both  of  hydrogen  and  nitrogen,  wfaibk 
ammonic  sulphate  is  retained  in  solution.  If  heated  to  redness  in  a  cnmnt 
of  dry  hydrogen  it  becomes  reduced  to  metallic  iron,  whilst  ammonia  is  generated. 
Fremy  states  that  it  becomes  easily  and  permanently  magnetized.  He  fimnd 
the  best  mode  of  preparing  this  nitride,  to  which  he  attributes  a  oompositioQ  ex- 
pressed by  the  formula  (Fe^N,),  to  consist  in  transmitting  a  current  of  diy 
ammonia  over  dried  ferrous  chloride  heated  to  low  redness  in  a  porcelain  tube. 
Stahlschmidt  thus  obtained  the  compound  Fe,N.  If  pure  ferric  oxide,  as  ob- 
tained from  the  oxalate  by  ignition,  be  heated  in  a  current  of  ammonia,  a  brittle 
nitride  is  formed,  consisting  of  Fe^N  (Eogostadius). 

(761)  Sulphides  op  Iron. — Sulphur  combines  with  iron  in 
several  proportions :  the  protosulphide^  FeS^  and  the  disulphidei 
FeSj^  are  the  most  important ;  but  besides  these  a  subsulphide, 
Fe^S^  has  been  obtained  by  heating  ferrous  sulphate  to  redneas  in 
a  current  of  hydrogen  gas :  a  sesquisulphidci  Fe^Sjp  may  also  be 
formed  as  a  hydrate  by  precipitating  the  ferric  salts  by  the  pro- 
tosulphides  of  the  alkali-metals;  and  two  magnetic  sulphidei 
of  iron,  Fe^Sg,  and  FcjS^  are  found  native. 

Ferrous  Sulphide y  Protosulphide  or  Sulphuret  of  iron  (FeS=88), 
may  be  prepared  by  heating  a  bar  of  iron  to  whiteness  and 
bringing  it  into  contact  with  a  roll  of  sulphur :  immediate  unioo 
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takes  place^  and  the  resulting  sulphide  melts  and  runs  down  in 
drops  of  a  reddish-brown  colour :  when  formed  in  this  manner  it 
usually  contains  an  excess  of  sulphur.  It  may  also  be  prepared 
by  projecting  in  successive  portions,  into  a  red-hot  earthen  crucible, 
a  mixture  of  7  parts  of  iron  filings  with  4  parts  of  sulphur  in  fine 
powder ;  vivid  deflagration  occurs  at  the  moment  of  combintition. 
Ferrous  sulphide  dissolves  both  iron  and  sulphur  if  either  be 
present  in  excess;  its  composition,  therefore,  is  variable.  Like 
carbon,  the  presence  even  of  a  minute  portion  of  sulphur  alters 
the  quality  of  wrought  iron,  which  if  it  contains  even  Tz^airu  ^^ 
siQphur  is  rendered  '  red  short.^  Anhydrous  ferrous  sulphide  is 
dissolved  by  diluted  sulphuric  or  hydrochloric  acid  with  evolution 
of  sulphuretted  hydrogen :  this  decomposition  is  frequently  em- 
ployed in  the  laboratory  as  a  convenient  source  of  sulphuretted 
hydrogen.  Nitric  acid  and  aqua  regia  decompose  it  and  form 
ferric  nitrate  or  ferric  chloride,  setting  part  of  the  sidphur  free, 
and  converting  the  residue  into  sulphuric  acid.  When  heated 
in  the  open  air,  this  sulphide  absorbs  oxygen  and  becomes  con- 
verted into  ferrous  sulphate ;  at  a  still  higher  temperature  it  is 
decomposed,  sulphurous  and  sulphuric  anhydrides  escape,  and 
ferric  oxide  remains. 

Ferrous  sulphide  may  be  obtained  as  a  black  hydrate  by  pre- 
cipitating a  solution  of  a  ferrous  salt  with  a  solution  of  a  hydro- 
sulphide  of  one  of  the  alkali-metals ;  thus  aKHS-f-FeSO^-l-xHjjO 
=  FeSa?HjO  +  Hj,S-f-KjS04;  in  this  condition  it  rapidly  attracts 
oxygen  from  the  air,  and  assumes  a  brownish-red  colour^  ferric 
oxide  being  formed  and  sulphur  liberated.  When  iron  is  present 
in  very  minute  quantities  in  a  solution,  and  is  precipitated  by  a 
solution  of  ammonic  hydrosulphide,  the  very  finely  divided 
particles  of  ferrous  sulphide  are  apt  to  pass  through  the  filter ; 
the  liquid  then  has  a  peculiar  green  tint. 

I£  iron  filingR  be  mixed  with  two-thirds  of  their  weight  of  solphnrin  powder, 
and  moistetied,  the  mixture  becomes  hot  when  exposed  to  the  air,  and  absorbs 
oxygen  with  sufficient  rapidity  to  cause  it  in  many  cases  to  inflame ;  ferrous  sul- 
phide  is  at  first  formed,  and  this  quickly  becomes  converted  into  sulphate.  A 
valuable  lute  for  the  joints  of  iron  vesnels  is  composed  of  a  mixture  of  60  parts 
of  iron  filings  sifted  fine,  and  2  of  sal  ammoniac  in  fine  powder  intimately 
blended  with  i  part  of  flowers  of  sulphur.  This  powder  is  made  into  a  paste 
with  water,  and  applied  immediately  ^  in  a  few  minutes  it  becomes  hot,  swells, 
disengages  ammonia  and  sulphuretted  hydrogen,  and  soon  sets  as  hard  as  iron 
itself. 

(762)  Ferric  disulphide,  or  Bisulphide  of  iron  (FeSg=i2o); 

Sp.  Gr.  4-98  ;    Comp.  in  100  parts,  Fe,  46-67  ;  S,  53*33. — ^This 

compound  is  found  abundantly  in  the  native  state,  constituting 

the  iron  pyrites  of  mineralogists.    It  occurs  in  the  strata  of  every 
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period :  when  found  in  the  older  formations  it  is  crystalliied  it 
cubeS;  and  sometimes  in  dodecahedra,  of  a  brassy  liistrej  and  ii 
hard  enough  to  strike  fire  with  steel ;  but  in  the  tertiaiy  stnta  h 
occurs  more  frequently  in  fibrous  radiated  nodules.  The  fixim* 
tion  of  iron  pyrites  may  occasionally  be  traced  to  the  slow  de- 
oxidation  of  sulphates  by  organic  matter  in  waters  eontsining 
carbonate  or  other  salts  of  iron  in  solution ;  it  is  then  frequent^ 
deposited  in  cubes  or  octohedra.  This  appears  to  be  the  nnal 
mode  of  its  formation  in  alluvial  soils.  Some  varieties  of  inn 
pyrites^  especially  those  found  in  the  tertiary  strata,  are  speedily 
decomposed  by  exposure  to  air ;  oxygen  is  absorbed,  and  fexraH 
sulphate  formed.  This  decomposition  occurs  with  greater  fiusilitf 
if  the  disulphide  be  mixed  with  other  substances,  as  is  the  caae  in 
the  aluminous  schists;  in  which,  by  the  fiirther  action  of  air, 
a  basic  ferric  sulphate  ia  formed,  whilst  the  liberated  sulphinic 
acid  reacts  upon  the  alumina,  magnesia,  or  lime  of  the  soil,  and 
forms  sulphates ;  those  of  aluminum  and  magnesium  may  be  ex- 
tracted by  lixiviation.  The  ordinary  crystallized  pyrites  from  tiie 
older  strata  is  not  thus  decomposed,  but  a  variety  of  a  whiter 
colour  is  disintegrated  rapidly  by  exposure  to  the  weather;  tUi 
form  of  pyrites  is  known  as  marcasite,  or  white  iron  pyrites ;  it 
crystallizes  in  right  rhomboidal  prisms,  but  it  possesses  the  same 
chemical  composition  as  the  yellow  cubes. 

Iron  pyrites  is  not  acted  upon  by  cold  sulphuric  or  by  hydro- 
chloric acid,  but  is  rapidly  oxidized  and  dissolved  by  nitric  acid 
and  by  aqua  regia :  boiling  oil  of  vitriol  dissolves  it  gradually 
with  evolution  of  sulphurous  anhydride.  When  heated  in  closed 
vessels  it  fuses,  and  sulphur  is  expelled.  If  heated  in  the  air  it 
bums  with  flame,  ferric  oxide  is  formed,  whilst  sulphmont 
anhydride  escapes  in  large  quantity.  This  circumstance  hii 
been  turned  to  account  in  the  manufacture  of  oil  of  vitricd,  for 
which  purpose  enormous  quantities  of  mundic,  as  the  disulphide 
is  termed  by  the  workmen,  are  annually  consumed.  The  add 
obtained  from  that  source  is  usually  contaminated  with  arsenic, 
which  in  small  quantity  is  a  common  impurity  in  pyrites.  Iron 
pyrites  may  be  prepared  artificially  by  exposing  a  mixture  of 
powdered  ferrous  sulphide  with  half  its  weight  of  flowers  of  sul- 
phur, in  a  covered  crucible  to  a  heat  just  below  redness,  as  long 
as  sulphurous  fumes  escape. 

(763)  Magnetic  sulphide  qf  Iron  (Fe^J ;  Sp.  Or.  4*65. — ^This  oompoond 
exhibits  a  brassy  lustre,  but  is  distinguished  from  ordinary  pyrites  by  its  foln- 
bility  in  hydrochloric  acid.  It  is  often  formed  when  sulphur  and  inm  an 
heated  together  in  preparing  ferrous  sulphide  for  use  in  the  laboraiofy.  Aa* 
other  variety  of  magnetic  pyrites  consists  of  Fe,S^« 
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Mtspickely  or  arsenical  pyrites,  is  an  arsenio-snlpUde  of  iron 
(FeSAs;  Sp,  Gr.  6*13)  which,  amongst  other  localities,  occurs 
abundantly  in  the  Hartz,  in  SaxoHy,  and  in  some  of  the  Cornish 
mines ;  it  crystaUizes  in  right  rhombic  prisms,  of  a  steel-grey 
colour  and  metallic  lustre.  When  heated  in  closed  vessels  it  is 
partially  decomposed,  and  arsenious  sulphide  sublimes.  If  ex- 
posed to  a  high  temperature  in  the  open  air,  it  produces  ferric 
oxide,  whilst  arsenious  and  sulphurous  anhydrides  escape. 
Analogous  compoxmds  of  cobalt  and  nickel  occur  amongst  the 
ores  of  these  metah. 

A  remarkable  class  of  oompoands,  termed  by  Roossin^  wbo  disoovered  tbem, 
nUrosulpkides  of  iron,  may  be  obtainedf  by  the  reaction  of  potassic  nitrite  and 
bydro-ammonic  sulphide  apon  the  salts  of  iron.  The  reaction  is  complicated, 
and  their  properties  will  be  better  examined  along  with  those  of  the  nitro- 
pruBsides. 

Dtferrous  phosphide  (Fe^P)  may  be  obtained  by  reducing  the  phosphate  of 
the  n^etal  with  charcoal :  it  fuses  at  a  red  heat,  and  forms  an  extremely  hard, 
brittle  mass,  which  unites  with  both  phosphorus  and  iron  in  all  proportions :  its 
presence  even  in  small  proportion  in  bar  iron  appears  to  produce  metal  of  the 
defective  quality  known  as  cold  short  iron. 

(764)  Chlorides  op  Iron. — ^Iron  forms  with  chlorine  two 
compounds — ^ferroua  chloride,  FeClg  and  ferric  chloride,  FcgClg, — 
which  correspond  in  composition  to  the  two  basic  oxides  of  the 
metal. 

Ferrous  Chloride y  Protochloride  cf  Iron,  (FeClj=:  127)  ;  Sp.  Gr. 
anhydrous,  2*528 . — ^By  passing  dry  hydrochloric  acid  gas  over 
ignited  metallic  iron,  the  acid  is  decomposed,  hydrogen  gas 
escapes,  chlorine  combines  with  the  iron,  and  the  white  anhydrous 
ferrous  chloride  sublimes  at  a  temperature  at  which  glass  begins 
to  soften.  Its  solution  may  be  formed  by  dissolving  iron  in 
hydrochloric  acid ;  the  hot,  saturated  liquid  deposits  the  salt,  on 
cooling,  in  green  hydrated  crystals  (PeCl^^HgO;  Sp.  Gr.  1*926). 
It  is  very  soluble  in  water,  and  is  taken  up  in  considerable 
quantity  by  alcohol.  If  heated  in  the  open  air,  chlorine  escapes 
and  ferric  oxide  remains. 

Ferrous  chloride  unites  with  ammonic  chloride,  and  forms 
a  double  salt,  from  which  the  iron  may  be  deposited  upon  various 
metallic  articles,  by  boiling  them  in  this  solution  with  scraps  of 
zinc ;  the  zinc  displaces  the  iron,  which  is  deposited  in  a  cohe- 
rent lamina  upon  the  other  metals>  in  consequence  of  a  voltaic 
action. 

(765)  Ferric  Chloride,  Sesquichloride  or  Perchloride  of  iron 


(PejC\=^2^) ;  Sp.  Gr.  of  Vapour,  ii'39;  Mol.  Vol.  \ ,^;  Rel. 

fvt.  162*5. — ^^^  compound  sublimes  in  anhydrous  brown  scales 
when  dry  chlorine  gas  is  transmitted  over  iron  heated  to  redness. 
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The  anhydrous  chloride  is  verydeliquescent^  and  hisses  when  tliiowiL 
into  water^  forming  a  red  solution.     It  is  also   soluble  both  la 
alcohol  and  ether.    In  a  hydrated  condition  it  may  be  pnxmredbf 
evaporating  a  solution  of  ferrous  chloride  through  which  chloriiie 
has  been  passed  to   saturation^  or  by  dissolving  hydrated  £enie 
oxide  in  hydrochloric  acid :  the  solution^  by  concentration,  yiddi 
large^  red  deliquescent  crystals  (Fe2C1^6HgO)^  but  the  salt  caimot 
be  rendered  anhydrous  by  evaporation^  as  it  is  decomposed  into 
hydrochloric  acid  and  ferric  oxide.     It  also  crystallises  in  steDate, 
orange-coloured  groups,  with  isH^O,  which  are  less  deliquescent 
than  the  other  hydrate.     Crude  ferric  chloride  is  sometimes  used 
in  solution  as  a  disinfectant :  it  deodorizes   sewerage  prodndi 
quickly,   and  is  partially  reduced  to  the  condition  of  ferrooi 
chloride.     Ferric   chloride  forms  a  double  salt   with  ammonie 
chloride,  which  crystallizes  readily  in  cubes,  and  is  known  in  phar- 
macy as  the  ammoniO'Chloride  of  iron.   The  composition  of  this  salt 
varies  considerably  :  it  is  of  a  ruby-red  colour,  and  seldom  coutam 
more  than  2  per  cent,  of  iron.     A  double  salt  of  ferric  chknide 
with  sodic  chloride  and  with  potassic  chloride  may  also  be  fonned. 
A  hydrated  ferric  oxy chloride  is  formed  when  a    solation  of 
ferrous  chloride  is  exposed  to  the  air,  or  when  ferric  chloride  ii 
precipitated  by  a   small  quantity    of  caustic  alkali.      It  is  in- 
soluble in  water  containing  salts,  but  is  partially  soluble  in  pore 
water. 

(766)  The  BROMIDES  of  iron  correspond  in  composition  to  the 
chlorides. 

Ferrous  iodide,  or  Protiodide  of  iron  (FeIg=3io),  is  formed  hj 
digesting  iion  wire  or  filings,  in  a  closed  vessel,  with  four  timei 
their  weight  of  iodine  suspended  in  water :  direct  combination 
takes  place  between  the  elements,  the  iodide  is  dissolved  and 
forms  a  pale-green  solution,  which,  by  evaporation  tit  vacuo,  yields 
crystals  containing  Yel^^^^fi ;  sp.  gr.  2*873.  By  a  continued 
heat  it  may  be  rendered  anhydrous,  and  in  that  state  is  fbsiUe. 
Its  solution,  if  exposed  to  the  air,  absorbs  oxygen  and  is  decom- 
posed :  iodine  is  set  free,  and  a  hydrated  ferric  oxyiodide  falls.  Hut 
change  is  retarded  by  mixing  the  solution  with  strong  syrup; 
and  as  the  compound  \&  employed  in  medicine,  this  method  is 
frequently  adopted  to  preserve  umformity  in  its  composition. 
No  definite  ferric  iodide  is  crystallizable. 

(767)  Ferrous  Sulphate,  Prolosulphate  of  iron,  Copperas,  or 
Green  vitriol  (FeS0^7HgO=  152  -f  126) ;  Sp.Gr.  anhydrous,  3'i38, 
cryst.  1*857;  Comp.  crysL  in  100  parts,  FeO,  25*91  ;  SOj,  0877; 
HgO,  45*32. — ^This  salt  is  prepared  in  a  state  of  purity  by 
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solving  I  part  of  pure  iron,  or  i^  of  ferrous  sulphide,  by  the  aid 
of  heat,  in  i  J  part  of  oil  of  vitriol  diluted  with  4  of  water.  On 
filtering  the  solution  quickly,  it  deposits  beautiful  transparent, 
bluish-green,  rhomboidal  crystals  on  cooling,  with  7H2O.  They 
effloresce  in  a  dry  air,  and  form  a  white  crust,  which  soon 
becomes  of  a  rusty*brown  colour,  owing  to  the  absorption  of 
oxygen  and  formation  of  a  basic  ferric  sulphate.  If  crystallized 
at  a  temperature  of  176®  (80®  C.)  the  ferrous  sulphate  forms  right 
rhombic  prisms,  which  contain  only  4H2O.  It  may  also  be  ob- 
tained crystallized  with  3  and  with  %  atoms  of  water.  For  com- 
mercial purposes  ferrous  sulphate  is  formed  by  the  decomposition 
of  iron  pyrites,  or  of  aluminous  schists  containing  pyrites,  as 
already  described  when  speaking  of  the  manufacture  of  alum 
(667).  The  ferrous  sulphate  thus  obtained  has  a  grass-green 
colour,  owing  to  the  presence  of  a  little  ferric  sulphate.  Ferrous 
sulphate  is  largely  used  in  combination  with  astringent  vegetable 
matters  as  a  black  dye;  ordinary  writing-ink  is  a  compound  of 
this  kind. 

This  salt  is  insoluble  in  alcohol,  and  requires  twice  its  weight 
of  cold  water  for  its  solution.  Its  solubility  is  greater  at  194^ 
(90®  C.)  than  at  aia®  (100°  C),  100  parts  of  water  dissolving  370 
parts  of  the  crystals  at  90^  C.  and  only  333  at  the  boiling-point. 
This  anomaly  is  probably  dependent  upon  causes  similar  to  those 
observed  in  the  case  of  the  sodic  sulphate  and  carbonate.  If 
exposed  to  the  air,  the  solution  absorbs  oxygen,  and  a  rusty  pre- 
cipitate occurs,  which  is  a  basic  ferric  sulphate  composed  of 
aFcjOySOj .  3HgO,  while  normal  ferric  sulphate  remains  in  solu- 
tion. Owing  to  its  strong  attraction  for  oxygen,  ferrous  sul- 
phate is  occasionally  used  as  a  reducing  agent :  it  is  thus 
employed  to  precipitate  gold  and  palladium  in  the  metallic  form 
from  their  solutions,  and  indigo  is  by  its  means  brought  into  the 
soluble  condition.  If  heated  gradually,  each  atom  of  the 
crystallized  sulphate  loses  6  atoms  of  water  and  forms  a  white 
powder;  i  atom  of  water  being  retained  at  all  temperatures 
below  500^  (260^  C.)  At  a  red  heat  the  sulphate  is  decomposed ; 
sulphuric  anhydride  is  liberated,  but  one  portion  of  the  anhy- 
dride yields  part  of  its  oxygen  to  the  iron,  which  is  converted 
into  the  sesquioxide,  whilst  sulphurous  anhydride  escapes 
(aFeSO^rsFcjOj  +  SOg  +  SOj) ;  but  as  in  practice  the  salt  can- 
not  be  rendered  anhydrous  in  large  quantities,  a  little  water 
distils  with  the  sulphuric  anhydride,  which  is  condensed  as  a 
brown  fuming  liquid,  the  ^  Nordhausen  sulphuric  acid'  (415). 
The  residual  ferric  oxide  is  sold  under  the  name  of  colcothar  (757). 
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The  aqueous  solution  of  ferrous  sulphate^  in  common  iridi 
that  of  all  the  ferrous  salts^  has  the  power  of  absorbing  a  large 
quantity  of  nitric  oxide ;  forming  a  deep  brown  solution  nhidi 
has  a  strong  attraction  for  oxygen :  if  this  solution  be  heated  in 
closed  vessels^  the  gas  is  for  the  most  part  expelled  unchanged; 
if  heated  in  air^  nitric  acid  is  formed  in  the  liquid^  and  this  con- 
verts the  iron  into  a  ferric  salt. 

With  the  sulphates  of  potassium  and  ammonium,  green  vitrid 
yields  double  salts  precisely  analogous  in  form  and  composition  to 
those  which  are  formed  by  these  sulphates  with  cupric  sulphate. 
The  formula  of  the  potassic  salt  is  (FeS0^KjS0^.6HgO). 

(768)  Ferric  sulphate ;  Persulphate  or  Sesquisulphate  of  trm 
(^^"^3^0^= 400),  is  made  either  by  treating  brown  haematite 
with  an  excess  of  strong  sulphuric  acid,  allowing  it  to  digest  bt 
some  time,  and  then  expelling  the  excess  of  acid  at  a  heat  short 
of  redness ;  or  by  adding  to  the  solution  of  i  equivalent  of  feiroos 
sulphate,  half  an  equivalent  of  oil  of  vitriol,  boiling,  and  peraxi- 
dizing  the  iron  by  adding  to  the  solution  nitric  acid  in  small 
quantities  as  long  as  any  red  fumes  are  given  off.  A  yellowish- 
white  deliquescent  mass  is  obtained  on  evaporation,  from  whidi 
the  acid  is  expelled  by  a  red  heat ;  at  a  more  moderate  heat  the 
salt  is  rendered  anhydrous  :  water  dissolves  it  but  slowly.  It  ii 
found  native  in  large  quantities  in  Chili  as  coqtdmbite,  in  the  form 
of  a  white  silky  crystalline  mineral,  or  of  a  wbite  powder 
(Fe'"g  3804,91130).  Several  hydrated  basic  ferric  sulphates  may 
be  obtained. 

With  potassic  sulphate  and  the  sulphates  of  the  other  alkali- 
metals  ferric  sulphate  forms  double  salts,  resembling  common 
alum,  in  form  and  composition  as  well  as  in  taste.  The  potassic 
salt  (KFe'''2S04,i2HgO)  is  astringent,  very  soluble  in  water,  bat 
insoluble  in  alcohol :  it  is  very  prone  to  spontaneous  decomposi- 
tion, and  becomes  converted  from  a  colourless  transparent  crystal 
into  a  brown,  gummy,  deliquescent  mass :  this  change  is  also 
produced  by  heating  the  salt  to  a  temperature  below  100**  C. 
The  mixed  solutions  of  the  two  sulphates  should  therefore  be 
allowed  to  evaporate  spontaneously  during  the  preparation  of  th» 
salt.  The  double  salt  with  ammonium  (H4NPe'"2SO^i2HjO, 
sp,  gr,  1*718)  is  much  more  permanent,  and  crystallizes  readily 
in  beautiful  octohedra. 

(769)  Febrous  Nitbate  (Fe2N0,,6H,0=  180+  108). — This  «i1t  maybe 
obtained  by  dissolving  ferrous  sulphide  in  cold  nitric  acid  diluted  with  4  or  5 
times  its  bulk  of  water.  Sulphuretted  hydrogen  is  evolved  in  abundanoSt  sad 
on  evaporating  the  solution  in  vacuo  over  oil  of  vitriol,  it  crystallizes  in  pals- 
green  rhombohedra,  which  when  heated  evolve  nitric  oxide,  and  yield  a  basic  imc 
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nitrate ;  6(Fe2N(\)  =  2NO  +  sFe.Oj.jN.O,.  This  change  sometimes  occurs  in 
warm  weather  spoataneously.  The  basic  salt  is  then  freely  soluble  in  water,  and 
is  not  decomposed  by  ebullition.  Ferrous  nitrate  may  also  be  procured  by  do* 
composing  a  solution  of  ferrous  sulphate  by  an  equivalent  quantity  of  baric 
nitrate.  It  cannot  be  obtained  in  a  pure  form  by  treating  iron  with  diluted 
nitric  acid  :  since  in  that  case  the  metal  is  disftolved  without  evolution  of  gafl, 
and  ammonia  is  formed  in  the  liquid;  loHNO,  +  4Fe  =  4(Fe2N03) + 
H,NN0,+3H,0. 

Ferric  Nitrate  (Fe'"3N0,,  a?  H,0). — When  nitric  acid  of  sp.  gr.  i '2  or  1*3  is 
digested  upon  metallic  iron,  a  violent  action  occurs  attended  with  the  extrication 
of  nitrous  anhydride  and  of  nitric  oxide ;  the  iron  is  at  the  same  time  converted 
into  ferric  nitrate,  which  is  obtained  with  difficulty  on  evaporation  in  prismatic 
hydrated  crystals.  An  insoluble  basic  nitrate  is  commonly  formed  at  the 
same  time. 

(770)  Ferrous  Carbonate  or  Protocarbonate  of  iron  (PeCOj 

=  116;    Comp.   in  loo  parts,  Pe,  4827,  or  FeO,  62*07;    CO3, 

37*93. — ^This  substance  is  found  native  in  immense  quantities^ 

forming  a  valuable  ore  of  iron.    In  its  less  usual  condition/  when 

crystallized^  it  constitutes  spathic  iron  ore^  and  occurs  in  yellowish 

lenticular  crystals^  the  primary  form  of  which  is  a  rhombohedroui 

isomorphous  with  calcareous  spar.     The  native  carbonate  very 

often  contains  manganous  carbonate,     lie  clay-iron  ore^  from 

which  the  greater  part  of  the  English  iron  is   obtained^  is^  as 

already  mentioned^  an  impure  ferrous  carbonate.    Clay  iron-stone^ 

besides  the  more  usual  form  of  bands  or  seams  accompanying  the 

coal  strata^  occurs  also  in  detached  nodules  or  lumps^  sometimes 

of  very  large  size,  imbedded  in  the  clay  of  the  same  formations. 

When  ferrous  carbonate  is  heated  strongly  in  vessels  from  which 

air  is  excluded^  carbonic  anhydride  and  carbonic  oxide  are  expelled^ 

and  magnetic  oxide  of  iron  is  left^  the  decomposition  being  as 

follows:  3FeC03=Fe80^-f-2COj-f  CO.     Ferrous  carbonate  is  the 

salt  contained  in  most  ferruginous  springs^  in  which  it  is  held  in 

solution  by  free  carbonic  acid :   it  is  rarely  present  in  a  larger 

quantity  than  1  grain  per  pint.     Mere  exposure  to  air  causes  its 

separation ;  the  acid  escapes^  oxygen  is  absorbed^  and  hydrated 

ferric   oxide,  mixed  with  a  small   quantity   of  organic   matter^ 

subsides,  forming  the  ochry  deposits  so  usual  around  chalybeate 

springs.      Ferrous   carbonate   may  be    produced    artificially  by 

mixing  a  ferrous  salt  with  a  carbonate  of  one  of  the  alkali-metals, 

when  it  falls  as  a  pale  green  voluminous  hydrate  which  is  speedily 

altered  by  exposure  to  air ;   it  absorbs  oxygen,  rapidly  losing  its 

carbonic  acid,  and  is  converted  into  the  red  hydrated  sesquioxide ; 

during  the  process  of  drying  it  is  therefore  almost  completely 

decomposed.     No  stable  ferric  carbonate  exists,  but  the  hydro- 

potassic  and  the  hydrosodic  carbonate  dissolve  the  hydrated  ferric 

II.  Q  Q 
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oxide  ;  the  red  solution  thus  formed  is  very  slowly  decomposed  by 
prolonged  ebullition. 

(771)  0XALA.TE8  OF  Ibon. — Ferrotts  oxalate  (2FeC,0^,3H,O)  ib  oceBnamHj 
formed  in  the  brown-coal  strata,  in  yellow  fibroas  or  granular  masses,  known  as 
Humholdiite  or  iron-resin.  It  may  be  prepared  artificially  by  precipitating  the 
Holation  of  ferrous  sulphate  by  ammonic  oxalate ;  or  by  exposing  a  solution  of 
ferric  oxalate  in  oxalic  acid  to  the  Hun.  Carbonic  acid  is  then  evolyed,  and  femmi 
oxalate  with  2H,0  is  thrown  down  as  a  yellow  crystalline  and  nearly  insoluble 
powder. 

Ferric  oxalate  is  also  a  lemon-yellow  powder,  nearly  insoluble  in  water,  but 
soluble  iu  excess  of  oxalic  acid.  It  may  be  obtained  by  mixing  a  slight  exeess  of 
a  ferric  salt  with  one  of  a  soluble  oxalate. 

Ferric  oxalate  forms  several  double  salts  of  the  formula  (M,Fe'"3C^0J,  analo- 
gous to  the  blue  double  oxalates  of  chromium  (794)*  Double  ferric  oxalates  with 
potassium,  sodium,  ammonium,  barium,  strontium,  and  calcium  have  been  ob- 
tained by  digesting  the  acid  oxalates  of  these  metals  upon  hydrated  ferric  oxide. 
These  double  oxalates  are  all  freely  soluble.  It  is  owing  to  tiie  formation  of  the 
soluble  potassium  salt  that  by dropotassic  oxalate  (salt  of  sorrel)  is  useful  for  re- 
moving stains  of  ink  and  of  ferric  oxide  from  linen. 

(772)  Phosphates  of  Irov.— Ferrous  hydrie  phosphate  (Fe"HPOJ  Ms 
as  a  white  powder  on  adding  trisodic  phosphate  to  a  ferrous  salt ;  by  exposure  to 
air  it  absorbs  oxygen,  and  becomes  blue.  A  hydrated  blue  phosphate  ai  inm  is 
found  native ;  it  is  known  as  vivianite.  It  is  probably  a  mixture  of  ferrous  and 
ferric  phosphates  (Fe"HP0^,2Fe'"P0J,  and  contains  in  addition  SH^O,  or  about 
30  per  cent  of  water. 

A  ferric  phosphate  (Fe'"P0^,2H,0)  is  obtained  as  a  white  powder  by  decom- 
posing ferric  chloride  by  an  alkaline  orthophosphate.  Exposure  of  this  salt  to 
air  produces  no  change.  It  is  insoluble  in  acetic  acid,  but  soluble  in  ferric  ace- 
tate :  phosphoric  acid  is  sometimes  precipitated  in  this  form  in  the  oourae  of 
analysis.  Its  composition  varies  according  as  the  aodic  phosphate  or  the  ferric 
salt  is  in  excess. 

Several  native  silicates  of  iron  are  known,  but  they  are  not 
important.  Tlie  '  finery  slag^  obtained  in  the  conversion  of  cast 
into  wrought  iron  consists  chiefly  of  ferrous  orthoeilicate 
(iFeO^SiOj).  Oxide  of  iron  rapidly  attacks  clay  crucibles  if 
fused  in  them. 

(773)  Characteks  of  the  Salts  oe  Iron. — Iron  forms  two 
classes  of  salts,  both  of  which  are  readily  distinguished  from,  each 
other  and  from  those  of  other  metals.  The  salts  of  iron  are  not 
poisonous,  unless  administered  in  excessive  quantities ;  they  form 
valuable  tonics  and  astringents  when  taken  internally.  The  solu- 
tions both  of  the  ferrous  and  of  the  ferric  salts  have  an  inky, 
astringent  taste. 

J.  Ferrous  salts,  or  Salts  of  the  protoxide. — ^These  salts,  when 
in  solution,  or  when  crystallized,  have  a  pale- green  colour ;  they 
redden  litmus,  but  very  feebly.  With  the  alkalies  a  grey  or  green 
precipitate  of  hydrated  protoxide  is  formed  in  their  solutions :  it 
passes  quickly  through  various  shades  of  green  into  brown  by 
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exposure  to  the  air ;  this  change  of  colour  is  due  to  the  absorption 
of  oxygen,  in  consequence  of  which  the  sesquJoxide  is  eventually 
obtained.  If  the  precipitate  be  produced  by  ammonia^  an  excess 
of  this  reagent  redissolves  a  part  of  the  precipitate ;  and  if  the 
solution  contains  amnionic  chloride,  the  whole  of  the  oxide  will 
be  redissolved :  this  solution  absorbs  oxygen  rapidly  from  the  air, 
and  a  film  of  ferric  oxide  is  formed  upon  the  surface.  Ferrous 
salts  of  the  mineral  acids  are  not  precipitated  in  slightly  acid 
solutions  by  sulphuretted  hydrogen ;  but  they  give  a  black  preci- 
pitate of  hydrated  sulphide  on  adding  a  solution  of  amnionic 
hydrosulphide.  Potassic  ferrocyanide  (or  yellow  prussiate)  gives 
a  pale  blue  precipitate,  which,  on  exposure  to  the  air,  deepens  in 
tint,  owing  to  the  absorption  of  oxygen.  Potassic  ferricyanide 
(or  red  prussiate),  when  added  to  a  neutral  or  acid  solution,  gives 
a  bright-blue  precipitate,  which  is  one  of  the  varieties  of  Prussian 
blue  (FcgaFeCyg,  x  Hj^O).  If  a  solution  of  a  ferrous  salt  be  boiled 
with  nitric  acid,  the  metal  is  completely  converted  into  a  ferric  salt: 
the  same  thing  is  effected  by  the  action  of  chlorine  or  of  bromine, 
or  by  boiling  an  acidulated  solution  of  the  salt  with  a  small  quan- 
tity of  potassic  chlorate. 

a.  Ferric  salts,  or  Per  salts,  or  Salts  of  the  peroxide. — In  solu- 
tion they  have  a  yellow  or  reddish-brown  colour.  Hydrosulphuric 
acid  reduces  them  to  the  state  of  ferrous^ salts,  whilst  a  white 
deposit  of  sulphur  occurs :  for  example,  with  ferric  sulphate  the 
following  reaction  takes  place:  3(Fe%3SOJ-f-2H2S=4Fe''SO^+ 
2HjjS0^+Sg.  With  amnionic  hydrosulphide  a  black  hydrated 
ferric  sesquisulphide  i3  precipitated.  The  hydrated  alkalies  give  a 
reddish-brown  voluminous  precipitate  of  hydrated  sesquioxide,  inso- 
luble in  excess  of  alkali.  Potassic  stdplwcyanide  in  neutral  or  acid 
solutions  gives  an  intense  blood-red  solution ;  potassic  ferrocyanide, 
a  bright  blue  precipitate  of  Prussian  blue  (Fe^FeCj^xU^O), 
Potassic  ferricyaniae  occasions  no  precipitate  in  solutions  of  the 
ferric  salts,  but  the  liquid  acquires  a  greenish  hue ;  the  ferric  salts 
may  thus  be  distinguished  from  the  ferrous  salts.  Tincture  of 
galls,  in  neutral  solutions,  yields  a  bluish-black  inky  precipitate ; 
it  is  the  colouring  matter  of  ordinary  writing-ink ;  this  test  is 
rendered  much  more  delicate  in  its  indications  by  the  addition  of 
water  holding  a  little  calcic  carbonate  in  solution  in  carbonic 
acid.  In  neutral  solutions  the  benzoates  and  the  succinates  of  the 
alkali-metals  give  voluminous  insoluble  precipitates :  benzoate  or 
succinate  of  ammonium  or  potassium  has  been  employed  to 
separate  iron  from  nickel  and  cobalt,  as  the  benzoates  and  the 
succinates  of  these  metals  are  soluble.     If  a  solution  of  a  ferric 

Q  Q  2 
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salt  to  which  an  alkali  has  been  added  till  it  begms  to  oocasiaa  i 
permanent  precipitate  be  raised  to  the  boiling-point,  it  is  com- 
pletely decomposed^  and  an  insoluble  basic  ferric  salt  is  precipi- 
tated :  this  property  is  often  turned  to  account  in  the  8epantio& 
of  iron  from  cobalt^  nickel^  and  manganese,  which  are  not  preci- 
pitated under  similar  circumstances.  When  a  ferric  salt  in  solntioii 
is  digested  with  a  bar  of  zinc  in  a  flask  provided  with  a  tabe  for 
the  escape  of  the  gas^  the  zinc  becomes  dissolved,  hydrogen  it 
evolved,  and  the  whole  of  the  iron  is  precipitated  as  sesquioxide, 
whilst  a  salt  of  zinc  is  formed  in  the  liquid. 

Before  the  blowpipe  both  classes  of  the  salts  of  iron  act  ahke: 
with  borax  in  the  reducing  flame  they  give  a  green  glaw,  whidi 
becomes  colourless,  or  yellowish  (if  the  iron  be  in  large  qoantitj) 
when  held  in  the  oxidating  flame. 

(774)  Estimation  of  Iron. — In  estimating  the  quantity  of  iroa 
for  the  purposes  of  analysis,  it  should  always  be  first  converted 
into  a  ferric  salt,  by  boiling  with  nitric  acid  or  otherwise,  after 
which  it  may  be  precipitated  by  excess  of  ammonia,  and  then  weB 
washed  and  ignited  :  pure  ferric  oxide  remains,  consisting  in  100 
parts  of  70  of  iron  and  30  of  oxygen.  Iron  is  thus  readilj 
separated  from  the  alkalies  and  alkaline  earths.  If  magnesia  be 
present,  it  is  apt  to  be  partially  precipitated  with  the  ferric  oxide, 
unless  the  solution  contain  a  considerable  quantity  of  muriate  (tf 
ammonia.  In  the  presence  of  tartaric  acid,  of  sugar,  and  of 
various  other  forms  of  organic  matter,  ammonia  precipitates  the 
ferric  oxide  very  imperfectly  from  its  solutions :  in  such  a  cue 
ammonic  hydrosulphide  must  be  employed.  The  iron  is  then 
thrown  down  completely  as  sulphide ;  this  precipitate  must  be 
redissolved  in  nitric  acid,  and  afterwards  the  iron  may  be  obtained 
as  sesquioxide  by  adding  an  excess  of  ammonia  to  the  solution. 

(775)  Separatio?i  of  Iron  from  Aluminum  and  Glucmum. — ^If 
alumina  and  glucina  are  contained  in  the  liquid,  they  accompany 
the  ferric  oxide  when  precipitated  by  ammonia.  When  iheie 
earths  are  present,  the  precipitation  should  be  efiected  by  an  excev 
of  caustic  pctash  instead  of  by  ammonia ;  and  the  precipitate  should 
be  gently  warmed  with  the  liquid,  for  the  purpose  of  dissolving 
out  the  earths.  The  solution  is  to  be  filtered  from  the  fane 
oxide,  which  requires  long  washing  with  boiling  water  to  renKFFe 
the  last  traces  of  potash.  The  alumina  and  glucina  are  obtained 
from  the  alkaline  filtrate  by  neutralizing  it  with  hydrochloiie 
acid,  and  then  adding  a  slight  excess  of  anunonia;  hydrated 
alumina  and  glucina  are  precipitated  together,  and  must  be 
separated  in  the  manner  already  described  (677). 
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(776)  Separation  of  Iron  from  Zinc,  Cadmium,  Cobalt,  Nickel, 
and  Manganese. — Having  precipitated  the  cadmium  by  sulphuretted 
hydrogen^  and  reconverted  the  iron  into  sesquioxide  by  boiling 
the  liquid  with  a  small  quantity  of  nitric  acid^  the  solution  is  to 
be  largely  diluted  with  water^  and  sodic  carbonate  added  gradually 
to  the  acid  liquid  until  a  permanent  precipitate  is  formed^  though 
the  liquid  remains  acid.     The  solution  must  be  boiled^  and  the 
liquid  filtered  from  the  bulky  precipitate  of  the  basic  ferric  salt : 
the  clear  solution  must  then  be  slightly  supersaturated  with  sodic 
carbonate^  and  afterwards  feebly  acidulated  with  acetic  acid :  on 
again  boiling  the  liquid^  the  last  trace  of  iron  is  thrown  down  in 
the  form  of  basic  acetate^  whilst  the  other  metals  are  retained  in 
the  solution  :  the  precipitated  ferric  salt  must  be  redissolved  in 
hydrochloric  acid^  and  the  iron  thrown  down  as  sesquioxide  by 
the  addition  of  ammonia. 

Sometimes  ammonia  in  excess  is  made  use  of  to  separate  iron 
from  these  metals^  which  all  form  soluble  compounds  with  am- 
monia^ and  which  it  is  supposed,  will  retain  them  in  solution ; 
but  this  method  should  never  be  resorted  to  in  analysis,  because 
the  precipitated  ferric  oxide  always  carries  down  with  it  a  large 
quantity  of  the  other  oxides. 

(777)  Separation  of  Iron  from  Uranium. — The  iron  having 
been  converted  into  sesquioxide  is  precipitated  by  a  large  excess 
of  ammonic  sesquicarbonate,  which  retains  most  of  the  uranium. 
This  process,  however,  although  usually  adopted,  is  imperfect :  for 
if  the  quantity  of  iron  be  at  all  large,  a  considerable  proportion 
of  uranium  is  precipitated  along  with  it. 

(778)  Estimation  of  Ferrous  salt  in  a  mixture  of  Ferric  and 
Ferrous  salts. — It  often  happens  that  the  chemist  has  to  ascer- 
tain the  relative  proportions  of  ferrous  and  ferric  oxide  which  a 
compound  contains.  If  the  compound  of  iron  for  examination  be 
soluble  in  hydrochloric  aqid,  the  following  process  by  Penny  will 
be  found  both  easy  in  execution  and  accurate  in  its  results.  It 
is  based  upon  the  power  which  a  solution  of  the  potassic  dichromate 
(bichromate)  in  excess  of  hydrochloric  acid  possesses  of  converting 
ferrous  chloride  into  ferric  chloride,  while  the  chromic  acid  is  re- 
duced to  the  state  of  chromic  chloride;  K2CTfi^-^6'FeCl^'\' 
i4HCl=3Fe3Clg+Cr8ag-f-2KCl+7H30.  In  order  to  carry 
this  process  into  effect,  4*44  grms.  of  pure  potassic  anhydro- 
dichromate  are  introduced  into  an  alkalimeter  burette  of 
100  cub.  centim.  (577),  which  is  to  be  filled  up  to  o®  with  tepid 
irater ;  the  mixture  is  to  be  agitated  imtil  the  salt  is  dissolved. 
Each  division  of  the  instrument  contains  sufScient  of  the  dichromate 
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to  convert  50  mgrms.  of  metallic  iron^  present  in  the  form  of 
ferrous  chloride^  into  ferric  chloride.  The  ore  for  experiment 
having  been  reduced  to  an  extremely  fine  powder,  10  gnmmei 
of  it  are  boiled  in  a  flask  for  ten  or  fifteen  minutes  with  about 
80  cub.  centim.  of  hydrochloric  acid  of  sp.  gr.  I'loo:  aboDt 
200  cub.  centim.  of  boiling  distilled  water  are  added,  and  tbe 
mixture  immediately  transferred  to  an  evaporating  basin,  taking 
care  to  rinse  out  the  flask  thoroughly.  A  white  plate  is  tlien 
spotted  over  with  a  few  drops  of  a  weak  solution  of  potaaoc 
ferricyanide^  and  the  dichromate  is  cautiously  added  from  the 
alkalimeter  to  the  solution  of  iron  (which  is  kept  in  ocmtinosl 
agitation)^  until  it  assumes  a  dark- greenish  shade ;  as  soon  as  tliii 
begins  to  appear^  it  tnust  be  tested  after  each  addition  of  the 
dichromate,  by  taking  out  a  drop  of  the  solution  on  a  glass  rod, 
and  adding  it  to  one  of  the  drops  of  the  ferricyanide.  When 
the  last  drop  no  longer  occasions  a  blue  precipitate,  the  operation 
is  ended,  and  the  number  of  divisions  of  the  liquid  which  has 
been  added,  when  divided  by  two,  indicates  the  amonnt  of  metallie 
iron  which  exists  in  the  form  of  a  ferrous  compound  in  100  parts 
of  the  ore.  The  total  quantity  of  iron  present  in  the  aolntion 
may  be  ascertained  by  making  a  second  experiment  on  a  fre.li 
portion  of  the  ore,  and  reducing  the  metal  whilst  still  in  the  flask 
with  the  hydrochloric  acid,  to  the  state  of  the  ferrous  salt :  tlus 
is  readily  efiected,  either  by  transmitting  a  current  of  sulphuretted 
hydrogen  and  then  expelling  the  excess  of  that  gas  by  ebullition; 
or  by  boiling  the  concentrated  solution  with  metallic  zinc ;  or  hj 
nearly  neutralizing  the  liquid  with  sodic  carbonate,  and  adding  a 
solution  of  sodic  sulphite  until  a  drop  of  the  liquid  ceases  to  give 
a  red  colour  when  mixed  with  a  drop  of  a  solution  of  potasne 
sulphocyanide,'^  placed  upon  a  white  plate :  the  liquid  is  then 
boiled,  to  expel  the  excess  of  sulphurous  acid.  When  the  iron 
has  thus  been  reduced  to  the  state  of  ferrous  salt,  the  whole 
quantity  of  the  metal  present  may  be  ascertained  by  means  of  the 
solution  of  potassic  dichromate,  as  before ;  the  difference  between 
the  two  results  will  give  the  per-centage  of  metallic  iron  present 
in  the  form  of  ferric  salt. 

Another  excellent  process  for   determining  the  amount  of  a 
ferrous  salt  present  was  contrived  by  Margueritte  (Ann.  de  Ckhmie, 


*  The  reducing  effect  of  sodic  sulphite  on  the  ferric  chloride  may  be  explained 
by  the  following  equation,  from  which  it  will  be  seen  that  the  sodic  sulphite  it 
converted  into  sulphate  during  the  operation;  Fe'",Cl,  +  HjjO  +  Na^SO,  = 
2Fe''Cl,  +  2HCl  +  Na^S0,. 
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III.  xviii.  244).  It  consists  in  ascertaining  the  quantity  of  a 
measured  solution  of  potassic  permanganate  of  known  strength^ 
Trhieh  the  cold  acidulated  and  largely  diluted  solution  of  iron  in 
hydrochloric  acid,  can  deoxidize  and  deprive  of  colour,  owing  to 
the  reaction  expressed  in  the  following  equation;  aKMnO^ 
+  ioFe''Cl,+  i6HCl=2MnCl3+aKCl-f-5Fe'',Cl^+8H30.  The 
strength  of  the  solution  of  permanganate  is  ascertained  by  dissolv- 
ing o'5  gramme  of  clean  iron  wire  in  boiling  hydrochloric  acid, 
diluting  the  solution  largely,  and  ascertaining  the  number  of  divi- 
sions of  permaAganate  measured  from  a  burette,  which  it  is  capable 
of  decolorizing. 

The  total  quantity  of  iron  present  in  an  ore  or  other  com- 
pound may  be  ascertained  by  a  second  experiment  upon  a  &esh 
portion  of  the  ore,  reducing  the  iron  to  the  state  of  a  ferrous  salt 
by  means  of  zinc,  or  otherwise,  as  described  when  treating  of 
Penny^s  process. 

(779)  Analysis  qf  Ccut  Iron,  Steel,  and  Bar  Iron, — ^Por  this  parpose  the 
metal  must  be  reduced  to  a  fine  state  of  subdivision  by  means  of  a  new  file,  pre- 
viously I'reed  from  oil  by  the  action  of  a  solution  of  potash ;  the  fine  particles  de- 
tached are  to  be  sifted  through  a  lawn  sieve.  Some  kinds  of  cast  iron  are  too 
hard  to  admit  of  being  filed ;  they  must  be  crushed  in  a  small  mortar  made  of 
hard  steel. 

I.  The  proportion  of  carbon  is  ascertained  by  mixing  from  3  to  6  grammes 
of  finely-divided  iron  with  about  10  times  its  weight  of  plumbic  chromate  or  of 
cupric  oxide ;  then  placing  it  in  an  apparatus  similar  to  that  shown  in  fig.  298, 
p.  82,  and  burning  the  iron  in  a  very  gentle  current  of  oxygen :  the  carbonic 
anhydride  which  is  formed  is  collected  in  a  solution  of  potash  placed  in  Liebig's 
bulbs.  The  tube  which  contains  the  iron  is  gradually  heated  with  charcoal,  com- 
mencing at  the  extremity  nearest  the  potash  bulbs,  and  the  fire  is  slowly  ad- 
vanced towards  the  other  end,  until,  when  the  operation  is  completed,  the  whole 
length  of  the  tube  is  red  hot.  From  the  quantity  of  carbonic  anhydride  thus 
obtained,  the  proportion  of  carbon  in  the  iron  may  be  calctulated.*  But  it  has 
been  already  explained  that  cast  iron  contains  carbon  partly  in  chemical  combina- 
tion, partly  in  a  state  of  mechanical  mixture,  and  it  is  important  to  determine 
the  relative  proportions  of  the  carbon  which  exist  in  these  different  conditions. 
This  may  be  effected  by  dissolving  the  iron  in  hydrochloric  acid.  In  this  opera- 
tion all  the  carbon  which  was  chemically  combined  with  the  iron  is  separated  in 
the  form  either  of  a  gaseous  compound  of  carbon  and  hydrogen,  or  as  a  liquid 
hydrocarbon;  whilst  the  scales  of  graphite  mechanically  diffused  through  the 
metal  are  not  acted  upon  by  the  acid,  and  are  leA;  in  a  solid  form  mixed  with 
silica.  In  order  to  ascertain  the  proportion  of  graphite  in  this  residue,  it  is  col- 
lected on  a  small  weighed  filter,  and  washed  with  ether,  to  remove  any  adhering 


*  A  less  rapid  but  accurate  plan  consists  in  digesting  the  iron  in  filings  or 
in  fragments  with  an  excess  of  normal  cupric  chloride  (CuCl,)  dissolved  in  water ; 
the  iron  is  slowly  dissolved,  and  copper  precipitated  in  its  place,  whilst  the 
carbon  is  left  in  a  finely-divided  condition.  The  precipitate  must  be  collected 
on  a  filter,  dried,  and  transferred  to  a  tube  in  which  it  is  burned,  as  above 
directed. 
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liquid  hydrocarbon ;  the  filter  and  its  oontents  are  dried  at  loo^  C^  and  weigM 
in  a  covered  crucible.  The  re^idne  is  then  bamed,  and  the  silica  wfaidi  vemiiBi 
is  deducted  from  the  weight  of  the  precipitate  collected  on  the  filter. 

2.  Nitrogen. — Two  methods  were  employed  by  Bonstfinganlt  for  aMKilaiiiiig 
the  amount  of  nitrogen :  the  first  consisted  in  oxidizing  a  known  weight  of  ina 
(by  heating  it  to  redness)  in  a  current  of  steam,  condensing  the  water  after  it  kai 
passed  over  the  iron,  and  determining  the  amount  of  ammonia  that  it  eootuned, 
by  a  method  previously  contrived  by  him  for  ascertaining  its  amount  in  run- 
water  :  the  second  consisted  in  converting  a  given  weight  of  iron  into  snlphiiif, 
by  heating  it  with  rinnabar,  and  measuring  the  amount  of  nitrogen  in  tlie  gaseooi 
state  by  a  method  exactly  analogous  to  that  invented  by  Dumas  for  determining 
the  amount  of  nitrogen  in  an  organic  body.  For  details,  the  reader  is  le&ned 
to  the  papers  in  the  Comptes  Sendus  (lii.  pp.  1008"  and  1250). 

3.  The  quantity  of  silicon  contained  in  the  iron  is  ascertained  by  diMolviBf 
the  metal  in  hydrochloric  acid  and  evaporating  the  solution  to  dryness,  moiiteii- 
ing  with  concentrated  hydrochloric  acid,  then  dissolving  all  the  aolable  matter 
in  water,  and  collecting  the  silica  in  a  filter :  from  this  residue,  after  the  graphite 
is  burned  off,  the  quantity  of  silicon  can  be  estimated,  100  parts  of  silica  repre- 
senting 46*66  of  silicon. 

4.  Sulphur,  Phosphorus^  and  Arsenicum. — The  most  accnrate  mode  of 
estimating  thefte  substanct^s  consists  in  deflaj2n*ating  about  3  granimes  of  finely- 
powdered  iron  with  about  six  times  its  weight  of  a  mixture  of  5  parts  of  put 
nitre,  and  i  part  of  potassic  carbonate,  in  a  crucible  of  silver,  or,  still  better,  of 
gold.*  The  phosphorus,  sulphur,  and  arsenicum  are  thus  converted  into  phos* 
phoric,  sulphuric,  and  arsenic  anhydrides,  which  form  salts  by  their  action  upon 
the  potash ;  when  the  funed  mass  is  digested  in  water  they  are  dissolved,  whibk 
the  ferric  oxide  remains  undittsolved.  The  filtered  solution  is  sapersatorated 
with  hydrochloric  acid,  and  the  sulphuric  acid  is  thrown  down  by  means  of  baric 
chloride ;  the  excess  of  barium  is  removed  by  adding  sulphuric  acid,  and  the 
amenic  is  thrown  down  as  orpiment  by  a  current  of  sulphuretted  hydrogen.  The 
liquid,  filtered  from  the  orpiment,  is  now  neutralized  by  ammonia,  and  on  the 
addition  of  a  few  drops  of  solution  of  magnesic  sulphate,  the  phosphoric  acid  is 
gradually  separated,  on  standing,  as  the  crystalline  ammonio-magnesic  phosphate. 

The  ferric  oxide  is  dissolved  in  hydrochloric  acid,  and  a  current  of  solpha- 
retted  hydrogen  is  transmitted,  by  which  copper  would  be  separated  as  sulphide; 
the  filtrate  is  boiled  with  nitric  acid,  and  the  iron  separated  from  manganese, 
cobalt,  or  nickel,  by  means  of  sodic  carbonate  in  the  manner  already  described  (776). 

§  V.  Chromium  :  (Cr=5a*5).     Sp.  Gr.  6'8i ;  Dyad,  in  Cluromofu 

Salts,  as  CrClg ;  Triad,  in  Chromic  Salts,  as  CtjCI^ 

occasionally  Hexad,  as  in  CrF^. 

(780)  Chromium  is  a  metal  which  is  but  sparingly  distributed 
over  the  earth.  Its  most  important  ore  is  the  chrome  ironstonei 
a  compound  of  ferrous  oxide  with  chromic  oxide  {^eO,CTJd^, 
wliich  is  generally  foimd  massive^  but  has  now  and  then  been 
met  with  crystallized  in  regular  octohedra  like  the  magnetic  oxide 
of  iron^  to  which  it  corresponds  in  composition :   it  is  principally 


*  Any  traces  of  vanadium  or  of  chromium  would  also  be  oxidized,  and  oa 
digesting  the  mass  in  water  would  be  dissolved  out  in  the  alkaline  liquid. 
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supplied  from  North  America  and  from  Sweden.  Occasionally 
the  metal  occurs  in  a  higher  state  of  oxidation^  in  combination 
with  lead,  as  plumbic  chromate  (PbCrOJ.  Indeed  it  was  in  this 
beautiful  mineral  that  Vauquelin,  in  the  year  1797,  first  discovered 
the  existence  of  chromium. 

To  obtain  the  metal,  chromic  oxide  is  intimately  mixed,  in  fine  powder,  with 
charcoal,  and  made  up  into  a  paste  with  oil ;  it  is  then  placed  in  a  crucible  lined 
with  charcoal,  and  the  cover  of  the  crucible  is  luted  on,  after  which  it  is  exposed 
for  two  hours  to  the  heat  of  a  good  wind  furnace :  an  agglomerated  mass  of 
metallic  appearance  is  thus  obtained.  It  is  not  pure  chromium,  but  consists  of 
a  combination  of  carbon  with  the  metal.  Chromium  obtained  by  this  method  is 
Ycry  difficult  of  fusion :  it  generally  forms  a  porous  mass  composed  of  brilliant 
grains,  which  are  hard  enough  to  scratch  glass.  In  this  state  it  has  a  specific 
gravity  of  about  <)*9,  which  is  no  doubt  lower  than  it  would  be  after  complete 
iasion.  Deville  found,  on  reducing  chromium  from  pure  sesquioxide  by  means 
of  charcoal  from  sugar,  in  quantity  sufficient  for  complete  reduction,  that  the 
mass  underwent  partial  fusion,  but  could  not  be  melted  into  a  complete  button 
even  at  a  temperature  sufficient  to  fuse  and  volatilize  platinum.  If  ignited  with 
the  hydrated  alkalies,  alkaline  carbonates,  or  nitrates,  chromium  is  rapidly  con- 
verted into  a  chromate  by  action  on  the  alkaline  base.  It  may,  however,  be 
heated  to  redness  in  the  open  air  without  becoming  oxidized,  and  is  not  acted  on 
by  any  acid  except  hydrofluoric  acid. 

Fremy  transmits  the  vapour  of  sodium  over  chromic  chloride,  which  is  placed 
in  a  porcelain  tray,  and  heated  to  redness  in  a  porcelain  tube :  the  chromium  is 
obtained  in  brilliant  ciiystals,  which  belong  to  the  regular  system ;  they  are  in- 
soluble in  aqua  regia.  Wohler  reduces  chromium  from  the  violet  chloride  by 
fusing  it  with  twice  its  weight  of  zinc  under  a  flux  of  the  mixed  potassic  and 
sodic  chlorides :  nitric  acid  is  employed  to  dissolve  the  zinc,  and  the  chromium  is 
left  as  a  grey  brilliant  crystalline  powder  of  sp.  gr.  6*8 1.  If  chromic  chloride  be 
mixed  with  potassium,  and  heated  in  a  covered  crucible,  another  modification  of 
chromium  may  be  procured ;  after  washing  the  residue  with  water,  the  metal 
remains  in  the  form  of  a  dark-grey  powder;  which  assumes  a  metallic  lustre 
under  the  burnisher.  This  pulverulent  chromium,  if  heated  in  the  air,  takes 
fire  below  redness,  and  bums  brilliantly:  it  is  oxidized  with  great  violence 
by  nitric  acid,  sometimes  becoming  incandescent  during  the  action;  and  it 
is  dissolved  by  hydrochloric  acid  and  diluted  sulphuric  acid,  with  evolution  of 
hydrogen. 

Metallic  chromium  has  not  been  applied  in  the  arts^  but  its 
sesquioxide  and  many  of  the  chromates  are  highly  valued  as 
colouring  materials,  both  in  painting  on  porcelain  and  in  calico- 
printing. 

(781)  Compounds  op  Chromium  with  Oxygen. — Chromium 
forms  four  well-marked  oxides  :  a  protoxide,  CrO,  and  a  sesqui- 
oxide, Cr^Oj,  both  capable  of  forming  salts  with  acids ;  an  inter- 
mediate oxide  (CrO,Cr203),  corresponding  to  the  magnetic  oxide 
of  iron ;  and  a  stable  anhydride  (CrOj)  which  by  its  action  on 
bases  forms  salts  corresponding  to  the  manganates  and  ferrates. 
It  also  appears  to  be  probable  that  a  perchromic  acid  (HCrO^) 
exists ;  at  least,  a  blue  liquid,  which  is  soluble  in  ether,  is  ob- 
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tained  on  pouring  hydric  peroxide   into  a  solution  of  chromic 
acid ;  but  none  of  its  compounds  are  known. 

Ckramous  oxide,  or  Protoxide  qf  chromium  (CrO  =  68*5). — This  oxide  is 
known  only  in  the  hydrated  condition.  It  is  obtained  as  a  dark-brown  precipi- 
tate on  adding  caustic  potash  to  a  solution  of  the  chromous  chloride;  it  absorbs 
oxygen  with  great  aridity,  and  even  decomposes  water  with  extrication  of 
hydrogen,  and  then  becomes  converted  into  the  intermediate  hydrated  oxide 
(CrO,Cr,0,,H,0),  which  is  of  the  colour  of  Spanish  snuff.  (P^ligot,  Ann,  de 
Ckimie,  ill.  xiL  541.) 

Chromous  oxide  forms  a  double  sulphate  with  potassic  sulphate  (Cr"K,2S0^, 
6H,0),  corresponding  to  the  ferroso-potassic  sulphate  both  in  form  and  composi- 
tion.    The  crystals  are  of  a  fine  blue  colour. 

(782)  Chromic  Oxide^  or  Sesqtdoxide  of  chromium,  (Cr^OjSs 
153) ;  Sp.  Gr.  cryst.  5*21  ;  Comp.  in  100  parts,  Cr,  68*68  ;  O, 
31*32. — This  oxide  is  obtained  as  a  greyish-green  hydrate,  by 
boiling  with  alcohol  a  solution  of  potassic  dichromate  (bichromate) 
acidulated  with  sulphuric  acid.  The  alcohol  deprives  the  chromic 
acid  of  half  its  oxygen,  and  the  liquid  becomes  green  from  the 
formation  of  chromic  sulphate.  A  current  of  sulphurous  anhy- 
dride may  be  employed  instead  of  alcohol  in  the  reduction  of 
chromic  acid.  On  the  addition  of  ammonia,  a  bulky,  gelatinous, 
bluish-green  precipitate  of  the  hydrated  sesquioxide  is  produced, 
which  retains  alkali  with  great  obstinacy,  even  when  boiled  with 
water.  In  this  form  it  is  freely  soluble  in  acids,  and  forms  salts, 
the  solutions  of  which  are  of  a  green  colour;  but  they  do  not 
crystallize. 

Chromic  oxide  ^ves  rise  also  to  another  set  of  soluble  salts, 

which  are  of  a  violet  colour  and  crystallize  readily.     When  these 

violet-coloured  salts  are  precipitated  by  ammonia,  they  give  a 

bluish-green  hydrated  sesquioxide,  which  if  redissolved  in  an  acid 

without  the   application  of  heat,  reproduces  the  violet-coloured 

salts.     This  precipitated  oxide  becomes   green  by  the  action  of 

concentrated  saline  solutions  upon  it.    If  a  solution  of  one  of  the 

violet  salts  be  heated  to  the  boiling-point,  or  a  little  short  of  it, 

the  salt  at  once  becomes  green. 

This  change  of  colour  from  violet  to  green  has  been  long  known,  and  was 
accounted  for  by  Berzelkis  upon  the  admission  of  two  distinct  hydrates  of 
chromic  oxide,  one  green,  the  other  violet.  But  Siewert  appears  to  have  distinctly 
proved  that  one  form  only  of  the  sesquioxide,  the  blue  hydrate,  exists.  The 
green  precipitate  in  every  instance  is  a  compound  of  the  pure  oxide  with  potash 
or  soda.  It  is  true  ths^  the  violet  solutions  of  the  pure  salts  become  green  by 
boiling,  but  this  Siewert  has  traced  to  the  conversion  of  the  normal  salt  into  two 
soluble  salts,  each  green,  and  capable  of  co-existing  in  the  liquid.  One  of  these 
salts  contains  excess  of  acid,  the  other  excess  of  base  (Liebig*$  Ann,  cxxvL  86). 
Solutions  of  the  green  salts  at  once  become  blue  or  violet,  if  acidulated  by  the 
addition  of  nitric  acid.  The  investigation  of  these  compounds  is  beset  with 
unusual  difficulties. 
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The  hydrated  sesquioxide  from  the  violet  saHs  is  the  meiachromie  oxide  of 
Fremy  (CrjO,,9H,0,  when  dried  in  v<icuo),  and  is  soluble  in  excess  of  ammonia 
in  presence  of  acetic  acid :  but  according  to  Siewert,  who  has  lately  examined 
this  precipitate  with  great  care,  it  is  not  a  pore  sesquioxide,  but  a  compound  of 
the  hydrated  sesqnioxide  with  ammonia  and  one  of  the  salts  of  ammonium.  It 
is  soluble  in  excess  of  ammonia  and  acetic  acid,  owing  to  the  strong  tendency  of 
chromic  oxide  and  ammonia  to  produce,  in  the  presence  of  acetic  acid,  double 
salts,  which  are  not  susceptible  of  decomposition  by  ammonia.  If  the  original 
precipitate  be  thoroughly  washed  till  all  the  soluble  salts  are  removed  from  it» 
and  then  air  dried,  it  is  no  longer  soluble  in  acetic  acid,  or  in  other  diluted  adds. 

The  only  way  to  ensure  the  production  of  a  pure  hydrated 
chromic  oxide^  according  to  Siewert,  consists  in  precipitating  a 
soluble  chromic  salt  by  the  addition  of  ammonia,  and  boiling  it 
with  excess  of  the  alkali.  A  light-blue  precipitate  is  thus  ob- 
tained, which,  when  well  washed  and  dried  in  air  over  oil  of 
vitriol,  consists  of  (Cr203,7H20).  K  dried  in  vacuo,  it  retains 
only  4HjjO,  and  if  dried  in  a  current  of  hydrogen  at  392°  (200°  C.) 
it  retains  H^O ;  it  then  forms  a  blue  powder  with  a  greenish 
lustre,  and  is  insoluble  in  boiling  diluted  hydrochloric  acid. 
Caustic  potash  and  soda  precipitate  the  hydrated  sesquioxide, 
and  redissolve  it  if  added  in  excess,  forming  a  green  solution, 
from  which,  on  boiling,  the  whole  of  the  chromic  oxide  is  sepa- 
rated as  a  green  hydrate,  which  retains  a  portion  of  alkali. 
Indeed,  potash  and  soda  have  so  strong  a  tendency  to  combine 
with  chromic  oxide  that  if  either  of  these  alkalies  be  used  to  pre- 
cipitate the  oxide  from  its  salts,  or  if  salts  of  potash  or  soda  be 
present  when  ammonia  is  employed  as  the  precipitant,  the  green 
precipitate  always  contains  one  of  the  fixed  alkalies.  When  the 
hydrated  sesquioxide  is  heated,  it  parts  with  its  water  below  red- 
ness, and  if  heated  a  little  beyond  this  point,  it  suddenly  becomes 
incandescent,  and  shrinks  considerably  in  bulk,  after  which  it  is 
no  longer  attacked  by  acids. 

Besides  the  soluble  variety  of  the  salts  of  chromium,  an 
anhydrous,  insoluble  series  is  known,  corresponding,  it  would 
seem,  to  the  dense  and  comparatively  inert  modification  of  the 
metal  itself. 

Anhydrous  green  chromic  oxide  is  not  decomposed  by  heat, 
and  hence  is  used  as  a  green  colour  in  enamel  painting.  It  is 
usually  prepared  for  this  purpose  by  decomposing  basic  mercurous 
chromate  by  a  red  heat :  half  the  oxygen  of  the  anhydride  is  ex- 
pelled along  with  the  mercurous  oxide.  Ammonic  chromate 
may  be  employed  instead  of  mercurous  subchromate  with  equally 
good  results.  Another  method  consists  in  igniting  strongly,  in  a 
covered  crucible,  an  intimate  mixture  of  4  parts  of  powdered 
potassic  chromate  and  i  part  of  starch ;  the  potassic  carbonate 
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resulting  from  the  decomposition  is  washed  out,  and  the  chromic 

oxide  which  remains,  after  undergoing  a  second  calcination,  yields 

a  beautiful  clear  green  colour.    There  are  also  a  variety  of  other 

modes  of  obtaining  it.    Chromic  oxide  is  the  colouring  ingredient 

in   greenstone,  in  the  emerald,  in  pyrope,  and  in  several  other 

minerals.     The  pink  colour  used  on  earthenware  is  prepared  by 

heating  to  redness  a  mixture  of  30  parts  of  stannic   oxide,  10  of 

chalk,  and  i  part  of  potassic  chromate  ;  the  product  is  then  finely 

powdered,  and  washed  with  weak  hydrochloric  acid ;    a  beantifdl 

rose-tint  is  thus  obtained. 

A  beautiful  green  pigment  known  as  vert  de  Onignet  is  mannfactored  on  a 
large  scale  by  calcining  potassic  dichromate  with  3  times  its  weight  of  crystallized 
boracic  acid :  oxygen  and  water  are  expelled,  and  on  washing  the  residue  with 
water  a  basic  chromic  borate  is  left,  while  boracic  acid  and  potassic  borate  are 
dissolved  out. 

(783)  Chrome  iron-stone  (FeO,Cr20j;  Sp.  Gr.  4*5)  is  the 
principal  ore  of  chromium:  it  corresponds  in  composition  to 
brown  oxide  of  chromiimi  and  to  the  magnetic  oxide  of  iron; 
part  of  the  iron  is,  however,  generally  displaced  by  the  isomor- 
phous  metal  magnesium,  and  part  of  the  chromium  by  aluminum. 
Like  magnetic  iron  ore,  chrome  iron-stone  often  crystallizes  in 
octohedra,  which  have  about  the  same  hardness  as  felspar. 
Chrome  iron-stone  is  scarcely  attacked  by  any  of  the  adds.  It 
is  infusible  in  the  furnace,  and  when  heated  absorbs  oxygen  from 
the  air;  this  oxidation  takes  place  rapidly  when  it  is  powdered 
and  mixed  with  a  carbonate  of  one  of  the  metals  of  the  alkalies 
or  alkaline  earths,  a  chromate  of  the  base  being  formed.  100 
parts  of  this  ore,  if  pure,  contain  48*27  of  chromium,  and  corre- 
spond to  89*6  of  chromic  anhydride. 

(784)  Fremy  believes  in  the  existence  of  a  series  of  ammoniated  oomponndsof 
chromium  presenting  some  analogy  with  those  of  cobalt,  bnt  other  chemists  have 
not  confirmed  his  results.  If  a  solution  of  sal  ammoniac  containing  free  am- 
monia be  digested  on  the  hydrated  sesquioxide  precipitated  by  ammonia  from 
one  of  the  violet  chromium  salts,  the  oxide  is  dissolved,  and  a  fine  violet-eolonrsd 
solution  is  formed,  owing  to  the  formation  of  an  ammonio-chromic  doable  salt 
If  the  solution  be  evaporated  to  dryness,  it  furnishes  a  fine  violet  oompoond, 
which  is  very  soluble  in  water,  has  scarcely  any  alkaline  reaction,  and  g^ves  no 
precipitate  with  argentic  nitrate ;  the  ordinary  tests  of  chromium  do  not  show 
the  presence  of  the  metaL  When  the  solution  is  boiled,  ammonia  is  ezpelkd 
and  hydrated  chromic  oxide  is  precipitated. 

(785)  Chromic  Anhydride,  formerly  Chromic  acid  {CrO,= 
100*5)  >  ^P'  ^-  ^'^7^- — ^There  are  several  modes  of  obtaining  this 
compound,  i. — The  simplest  consists  in  mixing  4  measures  of 
a  cold  saturated  solution  of  potassic  dichromate  with  5  of  oil  of 
vitriol :  as  the  liquid  cools,  the  chromic  anhydride  separates  in 
beautiful  crimson  needles ;  for  though  very  soluble  in  water,  this 
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compound  has  the  peculiarity  of  being  nearly  insoluble  in  sul- 
phuric acid  of  sp.  gr.  1*55,  but  is  freely  dissolved  by  it  either  in 
a  more  concentrated  or  in  a  more  dilute  condition.  The  crystals 
are  allowed  to  dry  upon  a  porous  tile,  under  a  bell-glass.  A 
good  deal  of  sulphuric  acid,  however,  still  adheres  to  them ;  in 
order  to  remove  it,  the  crystals  should  be  dissolved  in  water, 
and  a  solution  of  baric  dihydro-chromate  (BaH^^CrO^)  should  be 
added  in  quantity  just  sufficient  to  throw  down  the  whole  of  the 
sulphuric  acid  as  baric  sulphate  :  the  solution  may  be  recrystal- 
lized  by  evaporation  in  vacuo,  2, — Chromic  anhydride  may  also 
be  prepared  from  the  chromic  hexafluoride  (CrFJ,  by  decom- 
posing this  compound  with  water  (790). 

Chromic  anhydride  is  easily  freed  from  water  by  drying  it  at 
a  gentle  heat.  While  hot  it  is  black,  but  it  becomes  dark  red  on 
cooling :  at  about  392°  (200^  C.)  it  fuses,  and  if  heated  more 
strongly  becomes  vividly  incandescent,  and  is  converted  into  the 
sesquioxide  with  disengagement  of  oxygen.  The  anhydride  de- 
liquesces when  exposed  to  the  air.  Its  solution  has  a  sour, 
metallic  taste,  and  possesses  considerable  oxidizing  power,  from 
the  facility  with  which  it  is  reduced  to  chromic  oxide.  When 
heated  with  hydrochloric  acid,  chlorine  is  evolved  and  chromic 
chloride  is  formed ;  aCr03  +  iaHCl=Cr2Clj,+6H20+3Cl,.  The 
anhydride  forms  more  than  one  crystalline  compound  with  sul- 
phuric acid;  these  compounds  are  decomposed  by  water. 

(786)  Chromates. — Chromic  acid  is  dibasic ;  it  forms  3  classes 
of  salts — basic,  normal,  and  acid.  The  chromates  of  the  alkali- 
metals  are  soluble  in  water;  the  normal  salts  have  the  general 
formula  M'^CrO^ ;  they  have  a  yellow  colour ;  the  acid  salts  are 
of  a  bright  orange  :  the  most  important  of  these  salts  are  the 
potassic  chromate,  and  the  anhydro-chromate  or  dichromate,  frt)m 
which  the  other  chromates  are  generally  obtained.  Chromic  acid 
is,  like  iodic  acid,  remarkable  for  the  anhydro-salts  which  it  forms 
with  potash ;  it  yields  four  salts  with  this  base,  known  respectively 
as :  1,  the  chromate  (Kj,0,Cr03) ;  2,  the  dichromate  or  bichro- 
mate (KjO,2Cr03) ;  3,  the  trichromate  {JS^O,^CtO^)  ;  and  4,  the 
tetrachromate  of  potash  {Kfiy^CrO^). 

Potassic  dichromate,  or  Anhydro-chromate,  or  Bichromate  of 
potash  (KgO,2Cr03,  or  K2Crjj07= 295*2) ;  Sp,  Gr.  2*624;  Comp. 
in  1 00  parts f  K3O,  31*93;  Cr03,  68*07. — This  salt  crystallizes  in 
large  red,  transparent,  anhydrous  four-sided  tables.  It  fuses 
below  redness,  and  as  it  cools  splits  to  pieces  from  the  inequality 
of  its  contraction.  By  heating  the  anhydro-chromate  to  bright 
redness,  normal  potassic  chromate  and  green  chromic  oxide  are 
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formed^  whilst  oxygen  escapes.     It  requires  about  lo  times  its 
weight  of  water  at  15®  C.  for  its  solution. 

In  order  to  procure  potassic  anhydro-chromate,  chrome  iron- 
stone is  heated  to  redness  and  quenched  in  cold  water^  by  which 
means  it  is  rendered  friable^  and  is  then  reduced  to  an  extremely 
fine  powder^  and  heated  to  bright  redness  in  a  current  of  air  in 
a  reverberatory  furnace  with  a  mixture  of  chalk  and  potassic  car- 
bonate^ the  mixture  being  constantly  stirred  to  hasten  the  oxida- 
tion. When  this  is  complete^  the  product  is  digested  in  water, 
potassic  carbonate  being  added,  if  necessary,  to  decompose  any 
calcic  chromate  which  may  have  been  formed,  and  the  yellow 
solution  is  drawn  ofi*  from  the  insoluble  matter ;  it  is  then  super- 
saturated with  nitric  acid ;  a  portion  of  silica  is  thus  precipitated, 
and  after  this  has  been  separated,  the  liquid,  on  evaporation, 
yields  crystals  of  potassic  anhydro-chromate,  which  are  purified 
by  recrystallization.  The  addition  of  chalk  in  the  fiimaoe 
favours  the  oxidation  by  preserving  the  mass  in  a  porous  con- 
dition :  if  potash  alone  were  used,  it  would  fuse,  and  the  chrome 
ore  would  fall  to  the  bottom. 

According  to  Schweitzer,  several  doable  salts  may  be  formed  by 
digesting  potassic  dichromate  with  an  equivalent  of  some  base,  such 
as  lime  or  magnesia.  The  magnesio-potassic  chromate  crystallizes  in 
oblique  rhombic  prisms  (KgMgaCrO^allgO),  and  a  similar  calcico- 
potassic  chromate  may  be  obtained;  but  there  is  no  analogy  between 
these  double  chromates  and  the  magnesian  double  sulphates. 

If  a  solution  of  potassic  carbonate  be  added  to  the  anhydro- 
chromate,  until  it  becomes  of  a  pale  yellow  colour,  carbonic 
anhydride  is  expelled,  and  the  normal  potassic  chromate  (K^CrO^s 
1947 ;  sp,  gr,  2*682)  is  formed.  This  salt  is  soluble  in  about 
twice  its  weight  of  cold  water,  and  still  more  fi-eely  so  in  boiling 
water;  it  has  a  pure  and  intense  yellow  colour.  A  very  small 
quantity  of  the  salt  suflBces  to  impart  a  yellow  tinge  to  a  con- 
siderable volume  of  water.  By  evaporation  of  its  solution 
potassic  chromate  may  be  obtained  with  some  diflSculty  in  trans- 
parent, yellow,  anhydrous  prisms,  which  are  isomorphous  with 
those  of  potassic  sulphate :  at  a  red  heat  it  fuses  without  under- 
going decomposition.  A  trichromate  {Yi^O,^CrO^,  also  anhy- 
drous, was  obtained  by  Mitscherlich  in  deep  red  crystals,  by 
adding  an  excess  of  nitric  acid  to  a  solution  of  the  dichromate, 
and  allowing  it  to  evaporate.  Siewert  has  obtained  a  tetra- 
chromate  (K20,4Cr03)  in  thin,  red,  brilliant  prismatic  plates,  by 
evjiporating  a  solution  of  the  trichromate  in  nitric  acid. at  a 
gentle  heat. 
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Sodic  ckramate  (Na,CrO^,ioH,0=  i62'5  + i8o)  may  be  obtained  by  a 
process  similar  to  that  employed  in  preparing  potassic  chromate :  it  forms  efflo- 
rescent cry  stab:  a  hjfdro-sodie  chromate  (NaHCrO^H^O)  may  likewise  be 
obtained  in  ruby  red  crystals. 

Calcic  chromate  is  soluble,  as  is  also  tbe  aeid-chromate,  which  is  formed  in 
many  chrome  works  as  a  preliminary  stage  in  the  mannfactore  of  the  chromates. 
Jacqaelain  decomposes  chrome  ore  by  roasting  it  in  fine  powder  intimately 
mixed  with  chalk,  grinds  the  roasted  mass  with  water,  and  adds  sulphuric  acid 
till  the  liquid  has  an  acid  reaction,  in  which  case  dihydro-calcic  chromate  is 
formed,  and  remains  in  solution.  Baric  chromate  (BaCrO^  =  *53'5  » *P-  9^-  3'9^) 
is  a  canary-yellow  insoluble  powder.  Strontic  chromate  is  yellow  and  bat 
slightly  soluble. 

Plumbic  chromate,  or  Chromate  of  lead  (PbCrO^= 323*5 ;  ep.  gr. 
5*653)  forms  the  pigment  called  '  chrome  yellow.'  It  is  obtained 
by  precipitating  a  somewhat  dilute  solution  of  plumbic  acetate 
by  one  of  potassic  chromate  or  dichromate.  Plumbic  chromate  is 
insoluble  in  water  and  in  acids,  but  like  all  the  insoluble  lead 
salts,  it  is  dissolved  by  a  large  excess  of  potassic  or  sodic  hydrate. 
When  heated  to  392®  (200°)  or  482^  (260^  C),  its  colour  becomes 
reddish  brown;  at  a  higher  temperature  it  fuses,  and  when 
heated  still  more  strongly  it  gives  off  about  4  per  cent,  of  oxygen, 
chromic  oxide,  and  basic  plumbic  chromate  being  formed; 
SPbCrO^ = 4  (PbCrO^PbO)  +  aCr^Og  +  3O3.  Fused  plumbic  chro- 
mate when  reduced  to  powder  is  sometimes  advantageously  sub- 
stituted for  cupric  oxide  in  the  combustion  and  analysis  of 
organic  substances  very  rich  in  carbon.  A  dibasic  plumbic 
chromate  (2PbO,CrOj;  sp.gr.  6*266),  of  a  splendid  scarlet  colour, 
may  be  obtained  by  boiling  a  solution  of  the  yellow  plimibic 
chromate  with  half  an  equivalent  of  lime,  or  by  adding  to  a  solu- 
tion  of  plumbic  nitrate  a  solution  of  potassic  chromate,  with  which 
an  additional  equivalent  of  potassic  hydrate  has  been  previously 
mixed.  It  may  be  obtained  of  a  still  more  brilliant  colour  by 
fusing  one  part  of  the  normal  plumbic  chromate  with  5  parts  of 
nitre ;  potassic  chromate  and  dibasic  chromate  of  lead  are  formed ; 
the  potassium  salt  may  be  removed  by  washing.  The  salt  is 
used  to  impart  a  permanent  orange  to  calico :  it  is  easily  formed 
upon  the  fabric  by  first  dyeing  it  yellow  with  normal  chromate 
of  lead,  and  then  boiling  it  with  lime-water,  by  which  half  the 
chromic  acid  is  abstracted,  and  the  dibasic  chromate  is  left 
attached  to  the  fibre. 

Basic  mercurous  cAroma/e (3 Hg^CrO^.HgjO)  falls  as  an  orange-coloured  in- 
soluble precipitate  on  adding  basic  mercurous  nitrate  to  a  soluble  chromate. 
Argentic  chromate  (Ag,CrO^ ;  ep,  gr.  577)  is  of  a  dark  red  colour,  the  tint 
of  which  is  deeper  if  the  solutionH  be  mixed  whilst  hot :  it  is  crystalline,  and 
sparingly  soluble. 

An  argentic  anhydro-chromate  (Ag,0,2CrO,)  is  obtained  in  beautiful  crimvon 
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tables  by  beating  metallic  silver  witb  potassic  anbydro-ehromate  and  snlplrarie 
acid,  cbrome-alain  being  formed  daring  tbe  process: — 

3  Ag.  +  4K,Cr.O,  +  7H.SO,  =  3  Ag.Cr.O,  +  2(KCr2S0J  +  jK^SO,  +  7H,0. 

Cbromic  acid  is  tbe  colouring  matter  of  tbe  mby. 

BichromaU  of  chloride  of  potasnum  (Ka,CrO,?  or  KfirO^jCtOfii^i  ^ 
Or,  2*466). — Tbis  remarkable  compound  may  be  obtiuned  crystaUued  in  omge- 
ooloared  needles,  by  dissolving  3  parts  of  potassio  anhydra-chromate  and  4  of 
hydrochloric  acid  in  a  little  water  at  a  gentle  heat,  and  allowiu^  it  to  eool :  t 
large  quantity  of  water  decomposes  the  salt 

(787)  Chromic  lesquUulphide  {Cr,S,=  201). — This  compoQnd  may  beob* 
tained  in  black  shining  scales,  resembling  plumbago  in  appearance,  when  ths 
vapour  of  carbonic  disulphide  is  transmitted  over  chromic  oxide  atrongiy  heated  in 
a  poroeliun  tube.  The  attraction  of  chromiam  for  sulphur  ia  bat  alight  If 
ammonic  hydrosulphide  be  mixed  with  a -chromic  salt,  the  hjdrated  letqm- 
oxide  of  the  metal  is  precipitated,  whilst  sulphuretted  hydrogen  ia  evolTed. 

(788)  Compounds  of  Chromium  with  Chlorine. — Chrominin 

forms   two    chlorides,    chromous  chloride,  CrCl^,   and    chiomie 

chloride,   Cr^Cl^:  the  latter    is   the   more  important.      It  also 

forms  an  oxy chloride  (CrCl^O^),  frequently  termed  ehlorochromic 

acid. 

ChromoM  chloride  (P^ligot's  protochloride,  CrC1,=  123*5)  ^  obtained  hj 
heating  the  chromic  chlnride  to  redness  in  a  current  of  dry  hydrogen  (carefidlj 
freed  from  every  trace  of  oxygen) ;  it  is  a  white  substance  which  is  readily  dis- 
solved by  water,  forming  a  blue  solution  which  absorbs  oxyg^u  rapidly,  and 
becomes  green :  like  ferrous  chloride,  it  absorbs  nitric  oxide  quickly  and  ha^^fttinf 
brown. 

Chromic  chloride,  formerly  Sesquichhride  of  chromium  (CrjCI| 
=318). — ^\^Tien  a  current  of  dry  chlorine  is  transmitted  onr 
an  intimate  mixture  of  finely-divided  chromic  oxide  and  charcoal, 
heated  to  redness  in  a  glass  tube,  beautiful  pale  violet-coloured 
scales  of  anhydrous  chromic  chloride  sublime.  When  rubbed 
upon  the  skin  they  have  a  soapy  feel ;  they  are  quite  insoluble 
in  cold  water,  but  by  boiling  them  with  water  for  some  time,  a 
green  solution  is  gradually  formed.  Sulphuric  and  hydrochloiic 
acids,  and  even  aqua  regia,  do  not  dissolve  them.  It  is,  how* 
ever,  very  remarkable  that  the  change  from  this  insoluble  to  the 
soluble  green  variety  is  efiected  in  a  few  moments  with  extrica- 
tion of  heat,  by  the  addition  of  a  minute  quantity  of  the  chromous 
chloride  to  the  insoluble  chloride  when  it  is  suspended  in  water. 
When  the  green  hydrated  chromic  oxide  is  dissolved  in  hydro- 
chloric acid  a  similar  green  solution  is  formed :  the  liquid  fur- 
nishes, by  spontaneous  evaporation,  green  crystals,  which  may 
be  represented,  according  to  Peligot,  as  consisting  of  {CrfijCl^ 
4HCl,ioH30);  for  it  is  singular  that  only  two-thirds  of  the 
chlorine  which  this  solution  contains  is  precipitated  when  it 
is  mixed  with   argentic  nitrate    {Ann,  de  Chimie,  III.  xii.  536, 
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xiv.  239,  aud  xvi.  294).  A  soluble  violet  chloride  of  the  metal 
which  contains  the  same  prcJportion  of  chlorine  may  be  formed 
by  precipitating  the  violet-coloured  chromic  sulphate  by  an 
equivalent  quantity  of  baric  chloride :  argentic  nitrate  preci- 
pitates the  whole  of  the  chlorine  from  this  solution. 
Several  oxychlorides  of  chromium  may  be  formed. 

(789)  Chromic  oxjfdichloride,  or  Ckloroehromic  acid  (CrCl,0,) ;  Sp,  €fr,  qf 
vapour,  ^'^2;  of  liquid,  Vjl ;  Mol,  vol,  [~T] ;  Boiling-pt,  250°  (i2I®*I  C.)- — 
Thifl  is  a  dense  red  liqaid,  which  emits  copious  red  fumes,  of  a  suffocating  odour ; 
it  is  immediately  decomposed  by  water  into  chromic  and  hydrochloric  acids. 
When  dropped  into  a  strong  solution  of  ammonia  or  into  alcohol,  it  bursts  into 
flame  from  the  intensity  of  the  reaction.  If  the  vapour  be  passed  through  a  tube 
of  porcelain  heated  to  redness,  beautiful  rhombohedral  crystals  of  chromic  oxide 
are  formed :  these  crystals  are  isomorphous  with  those  of  corundum ;  they  are 
hard  enough  to  cut  glass,  and  are  of  a  very  dark  green  colour.  During  their 
formation,  oxygen  and  chlorine  escape,  in  consequence  of  the  following  reaction ; 
4CrCI,0,  =  2Cr,0,  +  4CI,  +  0,. 

Chlorochromic  acid  is  analogous  to  the  chloromolybdic,  chlorotungstic,  and 
chlorosulphuric  acids  in  composition,  and  in  the  products  which  it  yields  when 
decomposed.  In  order  to  prepare  it,  10  parts  of  common  salt  are  fused  with  17 
of  potassic  chromate ;  the  melted  mass,  when  cold,  is  broken  into  fragments,  and 
gently  heated  in  a  retort  with  30  parts  of  oil  of  vitriol :  the  chlorochromic  acid 
distils  over  readily. 

(790)  Chbomic  Hbxapluosidb,  or  Fluoride  of  chromium  (CrF^s  i66'5)» 
ia  obtained  by  distilling  4  parts  of  plumbic  chromate,  3  of  powdered  fluor-spar, 
and  8  of  strong  sulphuric  acid,  in  a  platinum  retort;  sulphates  of  lead  and 
calcium  are  formed,  and  the  hexafluoride  distils  as  a  deep  red  vapour,  which  by 
a  low  temperature  is  reduced  to  a  blood-red  liquid ;  PbCrO^  +  3CaF,  +  4H,S0^  = 
PbSO^  +  3CaS0^  +  4H,0  -f-  CrF^.  Any  other  chromate  may  be  substituted  for 
plumbic  chromate  in  this  operation. 

Chromic  hexafluoride  formH  deep-red  fumes  of  chromic  anhydride  the  moment 
that  it  comes  into  the  air,  as  it  is  instantly  decomposed  by  moisture :  by  con- 
ducting the  vapour  into  a  moistened  platinum  crucible  the  vessel  becomes 
speedily  filled  with  voluminous  crystals  of  chromic  anhydride ;  hydrofluoric  acid 
is  formed  at  the  same  time,  and  may  be  expelled  from  the  chromic  anhydride  by 
a  gentle  heat.  The  action  of  water  upon  the  hexafluoride  may  be  thus  repre- 
sented;  CrP.  +  3H,0  =  CrO,  +  6HP. 

(791)  NiTRiDB  OP  Chbomium  (Cr,N^P;  Schrotter). — If  the  anhydrous  violet 
chromic  chloride  be  heated  in  a  current  of  dry  ammoniacal  gas,  ammonic  chlo- 
ride sublinfes,  whilst  the  chromic  chloride  is  decomposed,  emitting  a  purple  light, 
and  an  insoluble  chocolate-brown  compound  of  chromium  and  nitrogen  is  left. 
If  it  be  heated  to  between  302^  and  392*^  (1  jo*'  and  200^  C.)  in  a  current  of 
oxygen,  it  takes  fire  and  burns  with  a  beautiful  red  light  into  chromic  oxide, 
emitting  nitrogen  gas  mixed  with  red  fumes  of  peroxide  of  nitrogen. 

(792)  Chromic  Sulphate  ((^23804=393). — There  are  three 
varieties  of  this  salt.  One  of  them  is  a  green  soluble  compound^ 
wliieh  is  freely  dissolved  by  alcohol^  but  does  not  crystallize.  It 
is  viewed  by  Siewert  as  a  mixture  of  a  basic  and  an  acid  sul- 
phate (Liebig^s  Annal.  cxxvi.  95).  It  may  be  obtained  by  boiling 
hydrated  chromic  oxide  with  sulphuric  acid.     A  second  modifi- 

II.  R  R 
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cation^  of  a  violet  colour,  may  be  procured  by  digesting  8  parts  of 
the  hydrated  sesquioxide  dried  at  loo^  C.  with  9  parts  of  oil  of 
vitriol,  in  a  shallow  vessel  exposed  to  the  air  at  OTdinarj  tem- 
peratures. The  mixture  absorbs  water  gradually,  and  becomes 
converted  in  two  or  three  weeks'  time  into  a  greenish-blue  mm 
of  crystals  :  if  these  crystals  are  dissolved  in  water  they  fimn  a 
blue  liquid  &om  which  alcohol  separates  the  salt  in  small 
octohedra  containing  15  H^O.  This  modification  forms  with 
potassic  or  ammonic  sulphate  a  beautiful  violet  double  silt 
(chrome  alum)  which  crystallizes  by  spontaneous  evaporation  in 
bold  octohedra,  and  corresponds  in  form  and  composition  to 
ordinary  alum,  the  formula  of  the  potassiimi-salt  being  (KCraSO^ 
12H2O),  sp.  gr.  1*826.  The  solution  of  the  violet  sulphate, 
when  boiled,  becomes  green;  and  if  the  crystals  of  chrome 
alum  be  dissolved  in  water,  and  the  solution  be  boiled,  the 
plum-coloured  liquid  also  becomes  green,  and  loses  the  power 
of  crystallizing  on  cooling.  If  the  violet  sulphate  be  heated  to 
100^  C.  it  melts  in  its  water  of  crystallization,  loses  loH^O,  and 
becomes  converted  into  the  green  salt :  but  if  the  temperatore 
be  raised  to  about  698°  (370°  C),  both  the  green  and  the  violet 
modification  are  rendered  anhydrous,  and  a  third  salt  is  obtained 
in  red  crystals,  which  are  no  longer  soluble  in  water,  or  even  m 
concentrated  acids,  or  aqua  regia.  If  digested  for  a  long  time 
with  water,  however,  it  becomes  converted  into  the  soluble  fonn 
(Schrotter,  Pogg.  AnnaL  liii.  513).  The  composition  of  thcK 
three  sulphates  would  be  represented  as  follows  : — 

Red  insoluble  sulphate  .     .     .     Oj^SO^ 
Green  soluble  sulphate  .     .     ,     Crj^S0^5HjO 
Violet  soluble  sulphate  .     .     .     02380^156,0. 

Several  chromic  subsulphates  may  also  be  formed. 

(793)  Chbomic  Nitbate,  or  Nitrate  qf  ekromium  (Cr3N0J,  is  a  gWM 
very  soluble  salt ;  when  gently  ignited,  it  loses  its  acid,  and  yields  a  bfown  onde 
of  chromium  (CrO,),  which  has  been  regarded  as  a  chromate  of  Msqinoiide 
of  chromium;  (Cr,0,,CrOJ  =  3CrO,, 

(794)  Chbomic  Oxalates. — Ammonic  oxalate  gives  a  green  iMobbk 
precipitate  when  mixed  with  a  nolution  of  green  chromic  chloride.batif  the  hyditted 
chromic  oxide  be  digested  with  oxalic  acid,  a  green  soluble  oxalate  is  formed. 

Chromic  oxalate  forms  two  remarkable  series  of  double  salta,  yiz ,  dark  Mtf 
salts,  which  form  bluish-green  solutions  in  water,  with  the  general  fonnnh 
(M'^Cr'^^CjOJ,  and  yarnet-coloured  saltn,  which  form  cherry-red  solatioiiiiB 
water,of'the  formula(M'Cr'"2C,OJ.  The  hluepota89lum'iaU{KfiT'",^Qfi^.^YllS\ 
may  be  obtained  by  boiling  a  solution  of  19  parts  of  potassic  anhydro-chxomit^ 
23  of  potassic  oxalate,  and  55  of  crystallized  oxalic  acid :  the  chromic  acid  ii 
reduced  to  the  state  of  sexquioxide,  and  carbonic  anhydride  is  evolved  in  abai- 
dance ;   K,Cr,0,  +  2K  C,0,  +  7H,C,0^  =  6C0,  +  yH^O  +  aCK.Cr^'aC.OJ.     Tht 
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Bolntion  is  evaporated  to  drynesB,  redissolved  in  water,  and  set  aside  to  crys- 
taliize.  The  salt  is  deposited  in  large  rhombic  prisms  which  appear  to  be  black 
by  reflected  light,  and  blue  by  transmitted  light  They  appear  greenish  when 
powdered,  the  solution  is  red  by  transmitted  and  green  by  reflected  light :  am- 
monia does  not  precipitate  chromic  oxide  from  the  solution ;  potassic  hydrate 
occasions  no  precipitate  till  the  liquid  is  boiled.  Corresponding  salts  may  be 
obtained  containing  sodium,  ammonium,  barium,  strontium,  calcium,  and  mag- 
nesium instead  of  potassium,  but  these  different  salts  vary  in  the  proportion  of 
water  which  they  retain. 

The  red  potassium  salt  (KCr'"2C,0^4H,0,  or  6H,0)  may  be  procured  by 
adding  55  parts  of  oxalic  acid  to  a  boiling  concentrated  solution  of  19  parts  of 
'  potassic  anhydro-chromate,  carbonic  anhydride  being  expelled,  owing  to  the  fol- 
lowing decomposition : — 

K,Cr,0,  +  7H,C,0,  =  6C0,  +  7H,0  4-  2(KCr'"sC,0^. 
It  may  be  obtained  by  spontaneous  evaporation  crystallized  in  small  rhomboidal 
tables,  which  are  dark-red  both  by  reflected  and  by  transmitted  light :  the  salt 
requires  about  10  parts  of  cold  water  for  solution,  but  is  soluble  to  any  extent 
in  boiling  water.  The  concentrated  solution  is  dark- green  or  nearly  black  by 
reflected  light,  but  red  by  transmitted  light.  Potassic  hydrate  gives  no  precipitate 
in  the  solution  till  raised  to  ebullition ;  neither  does  ammonia  cause  any  separa- 
tion of  chromic  oxide.  An  analogous  salt  may  be  formed  with  ammonium, 
(H^NCr'"2C,0^4H,0). 

(795)  Characters  of  the  Compounds  of  Chromium  : — 
I. — The  chromous  salts,  or  salts  of  the  protoxide,  are  but  little 
known.  They  absorb  oxygen  rapidly  from  the  air;  they  are 
sparingly  soluble  in  water,  and  form  either  red  or  blue  solutions, 
which,  like  those  of  the  ferrous  salts,  absorb  nitric  oxide  in  large 
quantity,  and  form  dark-brown  solutions.  With  the  chromous 
salts  potassic  hydrate  gives  a  brown  precipitate  of  hydrated 
chromous  oxide ;  ammonia,  a  greenish- white  precipitate,  which, 
if  ammonic  chloride  be  present,  is  redissolved  by  excess  of  am- 
monia, forming  a  blue  liquid,  which  becomes  red  as  it  absorbs 
oxygen.  With  potassic  hydrosulphide  they  give  a  blade  sulphide ; 
and  with  potassic  ferrocyanide  a  greenish-yellow  precipitate. 
These  salts  reduce  solutions  of  gold  to  the  metallic  state,  and  con- 
vert corrosive  sublimate  into  calomel. 

2. — The  chromic  salts,  or  salts  of  the  sesqidoxide,  have  a 
sweetish  astringent  taste,  and  are  poisonous;  their  solutions 
redden  litmus.  They  are  either  green  or  violet  coloured ;  the 
green  solutions  generally  transmit  a  red  light.  With  ammonia 
they  yield  a  bulky  gelatinous  precipitate  of  hydrated  chromic 
oxide.  Caustic  potash  and  soda  give  a  green  precipitate,  which  is 
dissolved  with  la  green  colour  in  excess  of  the  cold  alkaline  solu- 
tion, but  is  re-precipitated  completely  by  boiling  the  liquid,  carry- 
ing down  alkali  with  it.  The  carbonates  of  the  alkali-metals  give 
a  green  precipitate  which  is  redissolved  by  an  excess  of  the  alka- 
line liquid.     Sulphuretted   hydrogen   gives  no  precipitate.     The 
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sulphides  of  the  alkali-metals  precipitate  the  green  chromic  oxide^ 
with  escape  of  sulphuretted  hydrogen.  If  any  of  these  precipi- 
tates be  fused  with  a  mixture  of  nitre  and  potassic  carbonate,  it 
yields  a  yellow  soluble  potassic  chromate. 

3. — The  Chromates. — Before  the  blowpipe  in  the  ledndng 
flame  they  colour  borax  and  microcosmic  salt  green.  THia 
boiled  with  diluted  sulphuric  acid,  to  which  a  little  alcohol  ci 
sugar  has  been  added,  they  are  decomposed,  and  the  chromic  idd 
is  reduced  to  the  green  chromic  sesquisulphate,  and  chromic  cook 
is  precipitated  with  its  characteristic  colour  on  adding  an  exom 
of  ammonia.  An  alcoholic  tincture  of  guaiacum,  i  of  resin  to 
100  of  spirit,  is  turned  blue  by  a  very  minute  trace  of  fite 
chromic  acid  (i  millionth  part,  Schiff),  but  the  colour  speedilj 
disappears;  an  excess  of  sulphiiric  acid  fayours  the  reaction, 
which,  though  exceedingly  delicate,  is  not  characteristic^  as  it  ii 
produced  by  other  oxidizing  agents.  Most  of  the  chromates  tie 
strongly  coloured.  Many  of  them  are  insoluble  in  water,  bit 
they  are  nearly  all  readily  dissolved  by  diluted  nitric  acid,  llidr 
solutions  give  a  yellow  precipitate  with  lead  sails,  a  red  witk 
argentic  nitrate,  and  an  orange  mth  basic  mercurons  fdiraie :  thoe 
precipitates  are  soluble  in  nitric  acid,  but  not  in  acetic  acid.  Win 
heated  with  oil  of  vitriol  the  chromates  evolve  oxygen;  wiA 
hydrochloric  acid  they  evolve  chlorine.  In  both  cases  green 
chromic  salts  are  formed.  Workmen  engaged  bx  the  nlanll£l^ 
ture  of  potassic  anhydro-chromate  are  liable  to  the  gradual  de- 
struction of  the  nasal  bones,  and  to  the  occurrence  of  ulceration  of 
the  throat,  in  appearance  a  good  deal  resembling  that  occasioned  bf 
secondary  syphilis.  Small  doses  of  corrosive  sublimate  have  been 
found  to  act  as  an  effectual  remedy  in  such  cases  (Grace  Calvert). 

(796)  Estimation  of  Chromium,  and  Separation  from  the  AUcaUm  OMi 
Alkaline  Earths, — Chromium  may  be  most  accurately  estimated  in  the  ftm  d 
sesquioxide.  It  may  be  easily  reduced  to  this  condition,  even  if  it  enfi  is 
RC'lution  in  the  form  of  a  chromate,  by  acidulating  with  hydrochloric  add,  and 
transmitting  a  current  of  sulphuretted  hydrogen :  the  liquid  miut  then  be  bofledt 
and  on  the  addition  of  ammonia  to  the  hot  solution  the  seaqi^oxide  i«  precipi- 
tated. It  is  to  be  well  washed,  and  ignited  in  a  covered  platinum  cradhfe; 
100  parts  of  the  anhydrous  oxide  contain  68 '63  of  chromium.  The  preKOcecf 
acetic  acid  prevents  the  precipitation  of  chromic  oxide  from  ita  solutiioiif  Ij 
the  addition  of  ammonia,  even  after  long  boiling. 

The  separation  of  chromium  from  the  metals  of  the  earths,  and  from  use^ 
cadmium,  cobalt,  nickel,  and  iron  may  be  effected  by  fusing  the  minenl,Qr  the 
precipitate  obtained  by  ammonia  from  its  solution  in  an  acid,  with  a  mixture  d 
potassic  carbonate  and  nitre;  the  chromium  is  thus  converted  into  a  aolabk 
chromate,  from  which  the  chromium  may  be  precipitated  as  directed  in  the 
foregoing  paragraph,  whilst  the  earths  and  the  other  metals  remain  in  the 
insoluble  portion,  either  in  the  form  of  oxides  or  of  carbonates. 
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§  VI.  Manganese:  (Mn=55).     ^P-  ^^'  8*013;  Dyad  an  in 
Manganous  Salts,  MnCI^;  more  rarely  Triad  as 
in  Manganic  Salts,  Mn^SO^. 

(797)  The  ores  of  this  metal  are  tolerably  abundant,  and  it 
enters,  in  greater  or  less  quantity,  into  the  composition  of  a  vast 
number  of  minerals,  so  that  it  is  widely  diffused  throughout  the 
mineral  kingdom.  The  most  important  and  valuable  ore  of 
manganese  is  the  black  oxide,  which  occurs  either  massive  or  in 
radiated  crystals. 

Manganese  was  first  recognized  as  a  distinct  metal  by  Gahn 
in  1774.  It  is  reduced  to  the  metallic  state  with  diflSculty.  The 
best  method  consists  in  mixing  manganous  carbonate  into  a  paste 
with  oil  and  sugar,  and  introducing  it  into  a  crucible  lined  with 
charcoal,  furnished  with  a  cover  luted  on :  it  must  at  first  be 
heated  gently,  to  expel  the  volatile  matters,  and  then  ignited  in- 
tensely for  a  couple  of  hours  in  the  heat  of  a  forge.  It  may 
thus  be  obtained  in  the  form  of  a  metallic  globule  which  con- 
tains a  variable  quantity  of  carbon ;  the  carbon  may  be  removed  by 
fusing  the  metal  a  second  time  in  a  porcelain  crucible  with  a  little 
manganous  carbonate.  A  solution  of  manganous  chloride  also 
yields  plates  of  the  reduced  metal  when  subjected  to  electrolysis. 

Manganese  is  of  a  greyish-white  colour,  and  is  brittle,  but 
hard  enough  to  scratch  steel ;  it  is  very  feebly  magnetic.  By  ex- 
posure to  the  air,  it  speedily  becomes  oxidated ;  it  decomposes 
water  slowly  at  ordinary  temperatures,  and  should  be  preserved 
either  in  sealed  tubes  or  imder  naphtha. 

Manganese  enters  into  combination  with  both  carbon  and 
silicon  when  fused  with  them :  the  carbide,  when  treated  with 
acids,  leaves  part  of  the  carbon  as  a  black  powder :  the  compound 
of  manganese  with  silicon  is  decomposed  with  diflBculty  even  by 
aqua  regia,  in  which  case  it  leaves  a  residue  of  silica. 

Metallic  manganese  is  not  employed  as  such  in  the  arts.  It 
yields  various  alloys,  but  none  of  them  are  of  practical  importance, 
with  the  exception  of  its  combination  with  iron,  which  is  harder  and 
more  elastic  than  iron  alone.  The  chief  uses  of  the  compounds 
of  manganese  are  chemical,  the  black  oxide  being  extensively 
employed  to  decompose  hydrochloric  acid  and  furnish  chlorine. 
It  likewise  supplies  the  chemist  with  his  cheapest  source  of  oxygen, 
and  is  employed  as  a  colouring  material  in  the  manufacture  of 
glass  and  enamels.  It  is  also  used  as  a  flux  in  the  preparation  of 
cast  steel ;  and  it  furnishes  a  useful  mordant  to  the  calico-printer, 
when  precipitated  in  the  form  of  brown  hydrate  upon  the  fibre. 
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(798)  Oxides  of  Manganese. — ^Manganese  forms  several  com- 
pounds with  oxygen.  The  protoxide^  MnO^  is  a  powerful  base; 
the  sesquioxide^  Mn^Oj^  is  feebly  basic;  the  red  oxide,  a  compound  of 
these  two,  MnO^Mn^Oj,  is  quite  indifferent  to  the  action  of  acids : 
so  also  is  the  deutoxide  or  black  oxide,  MnO^ :  but  the  two  higher 
oxides  have  well-marked  acid  characters.  The  general  formula  for 
the  salts  of  manganic  acid  is  M'^MnO^  and  for  those  of  perman- 
ganic acid  M'MnO^.  Neither  of  these  acid  oxides,  however,  can  be 
obtained  except  in  combination  with  water  or  with  a  metallic  oxide. 

The  protoxide  or  manganous  oxide  (MnO=7i)  may  be  obtained 
easily  by  igniting  manganous  carbonate,  or  any  of  the  higher 
oxides  of  the  metal,  in  a  current  of  hydrogen :  it  is  of  an  olive- 
green  colour,  and  unless  it  has  been  strongly  heated^  absorbs 
oxygen  from  the  air ;  if  ignited  in  the  air  it  bums,  and  is  con- 
verted into  a  brown  superior  oxide.  It  may  be  obtained  as  a 
white  hydrate  (MnO,H20),  by  decomposing  a  manganous  salt  by 
any  alkali,  but  it  immediately  begins  to  absorb  oxygen  from  the 
air,  and  turns  brown.  It  is  soluble  in  ammonia,  especially  if  the 
solution  contain  an  ammoniacal  salt.  The  protoxide,  by  its  action 
upon  acids,  readily  forms  salts,  which  are  of  a  pale  rose  colour; 
they  are  neutral  to  litmus. 

Seaquioxide,  or  Manganic  oxide  (Mn203= 158) ;  Sp.  Gr.  4'8a« — 
This  oxide  is  foimd  in  its  anhydrous  form  in  acute  square-based 
octohedra,  constituting  braunite ;  it  occurs  naturally  in  a  hydrated 
state  in  manganite  (MnjOgjHjO ;  9p.  gr.  4*35),  which  is  of  a 
blackish-brown  colour,  and  forms  brilliant  right  rhombic  prismatic 
crystals.  Manganic  oxide  may  be  obtained  as  a  brown  hydrate, 
by  passing  chlorine  through  manganous  carbonate  suspended  in 
water,  and  afterwards  removing  the  excess  of  the  carbonate  by 
means  of  diluted  nitric  acid.  Sulphiiric  acid  dissolves  it  slowfy 
if  a  portion  of  the  protoxide  be  present,  and  a  deep-red  solntian 
is  formed ;  hydrochloric  acid  in  the  cold  also  forms  a  soluble  com- 
pound with  it :  if  these  solutions  be  heated  they  are  decomposed, 
and  a  manganous  salt  is  the  result.  When  ignited,  the  sesqoi- 
oxide  loses  one-eighth  of  its  oxygen,  and  leaves  the  red  oxide.  The 
manganic  salts  or  salts  formed  from  the  sesquioxide  are  isomor- 
phous  with  those  of  alumina  and  ferric  oxide.  It  appears  to  be 
the  manganic  oxide  that  imparts  the  violet  colour  to  glass  to 
which  the  black  oxide  has  been  added ;  and  the  colour  of  the 
amethyst  is  also  said  to  be  due  to  this  oxide. 

Manganic  dioxide,  binoxide,  deutoxide,  or  peroxide  (MnOgsS;); 
Sp,  Gr.  4*94;  Comp.  in  100  parts,  Mn,  6^'2%;  O,  3678.— 
This  oxide  is  the  black  manganese  of  commerce  and  ^bepfrth 
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bisUe  of  mineralogists ;  it  is  found  in  steel-grey  rhombic  prisms. 
Psilomelane  is  a  black  stalactitic  or  amorphous  variety^  frequently 
mixed  with  one  of  the  lower  oxides  of  the  metal.  VarvicUe 
(Mn203,aMn05,,HjO ;  sp.  gr,  4-53)  is  the  name  given  to  a  hard 
lamellated  crystalline  hydrate^  found  by  Phillips  at  Hartshill^  in 
Warwickshire.  Wad  is  also  a  hydrated  dioxide  of  manganesCj 
with  a  variable  amount  of  water;  it  is  in  a  less  compact  form 
than  psilomelane^  and  is  of  a  brown  colour.  Small  quantities  of 
cobalt  and  of  the  carbonates  and  nitrates  of  the  metals  of  the 
earths  are  frequent  constituents  of  these  ores. 

Dioxide  of  manganese  is  a  good  conductor  of  electricity^  and 
is  strongly  electronegative  in  the  voltaic  circuit.  When  mixed 
with  acids  it  furnishes  a  valuable  oxidizing  agent.  When  ignitedj 
it  gives  off  one- third  of  its  oxygen^  and  the  red  oxide  is  left ; 
3MnOg=Mn304+02:  if  heated  with  concentrated  sulphuric  acid, 
half  its  oxygen  escapes,  and  manganous  sulphate  is  formed; 
aMnOj  +  aH2S04= aMnSO^  +  aH^O  +  O3.  With  hydrochloric  acid 
chlorine  is  abundantly  evolved,  and  manganous  chloride  is  left. 
Nitric  acid  has  but  little  effect  upon  it.  Dioxide  of  manganese 
is  procured  in  a  hydrated  form  as  a  reddish-brown  powder 
(MnOcpHjO)  when  potassic  manganate  or  potassic  permanganate 
is  decomposed  by  an  acid.  When  the  red  oxide  is  treated  with  nitric 
acid,  a  black  hydrated  dioxide  is  left,  containing  ji^tiO^^J^,  The 
same  hydrate  is  probably  formed  on  adding  a  s<dution  of  chloride 
of  lime  to  a  neutral  solution  of  manganous  sulphate  or  chloride. 

(799)  Commercial  Assay  of  Oxide  of  Manganese, — The  <x>mmercial  value 
of  black  oxide  of  manganese  dependrt  upon  the  proportion  of  chlorine  which  a 
given  weight  of  it  will  liberate  when  it  is  heated  with  hydrochloric  acid.  This 
quantity  of  chlorine  varies  much  in  different  samples,  and  is  dependent  upon  the 
proportion  of  oxygen  which  the  oxide  of  manganese  contains  in  excess  of  that 
which  is  necessary  to  its  existence  as  protoxide.  A  convenient  method  of  esti- 
mating this  excess  of  oxygen  is  founded  upon  the  circumstance  that  the  black 
oxide  of  manganese  is  decomposed  in  the  presence  of  oxalic  acid  and  free  sul- 
phuric acid ;  manganous  sulphate  is  formed,  and  all  the  excess  of  oxygen  reacts 
upon  the  oxalic  acid,  and  converts  it  into  carbonic  anhydride,  which  passes  off 
with  effervescence.  If  the  mixture  be  weighed  before  the  decomposition  is 
effected,  and  again  afler  it  has  been  completed,  the  loss  will  indicate  the  amount 
of  carbonic  anhydride ;  and  from  this  the  available  amount  of  oxygen  is  readily 
calculated.  The  reaction  may  be  traced  thus :  MnO,  +  H,SO^  +  H^C,0^  =  MnSO^ 
+  2CO,  +  2H,0.  Each  atom  of  dioxide  of  manganese  gives  2  atoms,  or  almost 
exactly  its  own  weight,  of  carbonic  anhydride. 

The  apparatus  of  Will  and  Fresenius  (fig.  343,  p.  401)  is  well  adapted  to  the 
performance  of  this  experiment :  5  grammes  of  the  oxide  of  manganese  to  be 
tested,  are  reduced  to  an  extremely  fine  powder,  and  mixed  with  i  j  grammes  of 
neutral  potassic  oxalate ;  the  mixture  is  placed  in  the  flask  a,  and  about  60  cub. 
centimetres  of  water  is  added :  the  experiment  is  then  proceeded  with  exactly  as 
in  the  method  already  described  for  estimating  carbonic  anhydride  vol  a  carbonate 
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(578).     The  decomposition  of  the  ore  is  known  to  be  complete  ai  foon  as  all  tk 
black  pai  tides  have  disappeared. 

If  the  sample  of  oxide  of  manganese  contain  a  carbonate  of  any  of  the  entiu^ 
as  may  be  readily  ascertuned  by  the  effervescence  which  will  be  occaaiooed  on 
moistening  a  portion  of  the  oxide  with  diluted  nitric  acid,  it  will  be  pecesssiy  to 
remove  this  carbonate.  This  is  easily  done  by  washing  the  weighed  portkm  it 
the  flask  itself  with  nitric  acid  dilated  with  Ax>m  16  to  20  parte  of  watv;  11 
soon  as  the  effervescence  has  ceased,  the  acid  liquid  must  be  carefully  pomed  dS, 
and  the  flask  filled  up  once  or  twice  with  distilled  water ;  the  oxide  most  bi 
allowed  to  subside :  in  order  to  retain  any  suspended  particlee,  the  waahings  mij 
be  thrown  upon  a  small  filter,  which  is  afterwards  introduced  into  the  flask,  sad 
the  experiment  is  then  proceeded  with  as  usuaL 

The  Red  oxide  (Mn30^=229) ;  Camp,  inioo  parts,  Mn,  72*05; 
O,  27*95. — ^This  oxide  corresponds  to  the  black  oxide  of  iron ;  it 
is  formed  by  igniting  any  of  the  oxides  of  manganese  in  the  open 
air:  it  occurs  native  in  kausmannite  {sp,  gr.  4*72)  either  maaarre 
or  in  foiir-sided  pyramidal  crystals  of  a  black  colour.  The  oxide 
is  soluble  in  phosphoric  and  in  sulphuric  acidj  but  does  not  fofm 
definite  salts  with  either  of  them. 

(800)  Manganic  acid  (H2MnO^=i2i). — ^When  equal  weights 
of  caustic  potash  and  finely  levigated  dioxide  of  manganese  lie 
fused  together^  a  substance  is  formed^  which^  when  dissolved  in  a 
small  quantity  of  water^  has  a  green  colour^  but  which,  when 
largely  diluted^  becomes  purple^  and  ultimately  claret-colouied, 
whilst  a  precipitate  of  hydrated  dioxide  of  manganese  is  deposited. 
This  substance  has^  owing  to  these  changes  of  colour,  been  long 
known  imder  the  name  of  mineral  chameleon.  The  colouring 
material  is  potassic  manganate,  KjMnO^  which  has  a  green 
colour :  it  is  an  unstable  compound,  and  readily  either  parts  with 
oxygen,  or  absorbs  a  larger  amount  of  it,  in  the  latter  case  forming 
a  red  compound  ;  and  hence  these  changes  of  colour  are  produced. 

Manganic  acid  undergoes  rapid  spontaneous  decomposition 
unless  it  be  in  combination  with  some  powerful  basyl.  A 
tolerably  stable  manganate  may  be  procured  by  heating  finely 
powdered  dioxide  of  manganese  with  its  own  weight  of  caustic 
potash,  soda,  or  baryta.  Bechamp  heats  an  intimate  mixture  of 
10  parts  of  finely  powdered  black  oxide  of  manganese  with  12  of 
caustic  potash,  dries  it  in  an  iron  dish,  and  heats  the  porous 
residue  to  dull  redness  in  an  earthen  retort,  into  the  tubulure  of 
which  a  green  glass  tube  is  luted ;  he  then  transmits  a  current 
of  pure  dry  oxygen  as  long  as  it  is  absorbed.  If  the  green  mast 
thus  obtained  be  treated  with  a  small  quantity  of  cold  water,  it 
is  partially  dissolved,  forming  a  green  solution,  from  whidi 
potassic  manganate  may  be  crystallized  by  evaporating  it  in  vacuo 
over  sulphuric  acid.     These  crystals  are  isomorphous  with  the 
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corresponding  sulphates  and  chromates.  Potassic  manganate 
(KjMnO^)  is  anhydrous,  and  readily  soluble  in  water.  Sodic 
manganate  is  prepared  on  a  large  scale  by  Mr.  Condy,  by  ex- 
posing a  mixture  of  caustic  soda  and  finely  powdered  oxide  of 
manganese^  to  a  dull  red  heat  in  shallow  vessels^  for  48  hours ; 
7  cwt.  of  oxide  of  manganese  are  mixed  with  the  alkali  obtained 
firom  T^  ton  of  soda-ash.  Manganic  acid  has  a  very  intense 
colouring  power :  this  fact  enables  us  to  detect  manganese  in 
very  minute  quantity  before  the  blowpipe ;  the  material  sup- 
posed to  contain  it  is  ftised  upon  platinum  foil  with  a  little 
potassic  or  sodic  carbonate :  if  any  trace  of  manganese  be  present^ 
a  green  colour  is  imparted  to  the  fused  mass. 

The  manganates  are  very  unstable ;  they  are  decomposed  by 
boiling  their  solutions.  A  small  quantity  of  any  free  acid 
changes  the  colour  of  their  solutions  from  green  to  red,  owing  to 
the  formation  of  a  permanganate,  and  of  a  manganous  salt :  for 
instance,  5K5MnO^ +4113804,  gives  4KMn04+MnS04+3K3S04 
+  41130.  Organic  matter  sdso  readily  abstracts  oxygen  from 
them ;  their  solutions  must  not  even  be  filtered  through  paper. 
In  the  solid  form  they  are  readily  decomposed  by  elevation  of 
temperature,  and  oxygen  is  evolved;  an  excess  of  alkali  renders 
the  salt  more  stable.  Sulphurous  and  hypophosphorous  acids 
readily,  and  phosphorous  acid  more  slowly,  reduce  the  manganates 
to  a  manganous  salt ;  sulphurous  acid  and  potassic  manganate, 
for  example,  produce  the  following  result : — 

K3Mn04  +  aH^SOj = MnSO^ + KjSO^ + 2H3O. 

(801)  Permanganic  acid  (HMnO^siao,  or  H3Mn30g). — ^If  a 
solution  of  potassic  manganate  be  largely  diluted  with  water,  the 
colour  changes  from  green  to  violet ;  the  manganic  acid  passes  to 
a  higher  state  of  oxidation,  and  potassic  permanganate  is  formed. 

This  salt  may  be  prepared  by  mixing  intimately  4  parts  of 
finely  powdered  dioxide  of  manganese  with  3  J  of  potassic  chlorate ; 
5  parts  of  caustic  potash  are  dissolved  in  a  small  quantity  of 
water,  and  added  to  the  mixture,  which  is  dried  and  reduced  to 
powder,  and  then  heated  to  dull  redness  for  an  hour  in  an 
earthen  crucible.  When  cold,  the  mass  is  treated  with  water, 
and  filtered  through  a  funnel  plugged  with  asbestos ;  the  solu- 
tion, after  being  neutralized  with  sulphuric  acid,  on  evaporation 
yields  beautiful  red  acicular  crystals  of  potasssic  permanganate 
(KMn04=i58).  If  a  solution  of  manganate,  prepared  by 
B&;hamp's  process,  be  decomposed  by  transmitting  a  current  of 
carbonic  acid  until  the  green  colour  has  been  converted  into  red. 
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very  fine  crystals  of  tlie  permanganate  are  obtained  on  evaporatiiig 
tlie  clear  liquid  after  decantation  from  the  precipitated  oxide  of 
manganese;  3K2Mn04-|-aC0j,=2KMn0^+2KjCO3-f  MnO^  Tic 
crystals  of  the  permanganate  are  isomorphous  with  ihoie  of 
potassic  perchlorate;  they  require  about  16  parts  of  cold  water 
for  solution. 

Potassic  permanganate  is  in  certain  cases  a  useful  oxidi&ng 
agent :  it  may  be  employed  to  detect  the  occurrence  of  sul- 
phurous acid  in  solution  in  sulphuric  or  hydrochloric  add; 
sulphurous  acid  quickly  deoxidizes  it^  and  destroys  its  colour  if 
present.  Neutral  solutions  of  the  sulphides  and  the  penta- 
thionates  quickly  dischai^ge  the  colour  of  a  solution  of  potasnc 
permanganate^  and  a  similar  effect  is  produced  by  acid  solntioni 
of  the  sulphites^  hyposulphites^  tetrathionates.  sulphocyanidesj  and 
nitrites.  The  trithionates  produce  the  same  effect^  but  more 
slowly.  Acidulated  solutions  of  the  mercurous^  ferrous,  stannous, 
and  antimonious  salts^  and  acid  solutions  of  arsenites,  likewise 
decolorize  a  solution  of  permanganate  rapidly,  whilst  a  manganoos 
salt  is  formed.  A  solution  of  this  salt  constitutes  a  test-liquid 
which  may  be  very  usefully  employed  in  many  cases  of  volumetric 
analysis,  as  already  exemplified  in  the  instance  of  the  ores  of 
iron  (778). 

The  permanganates  are  much  more  stable  than  the  manga- 
nates ;  their  solutions  may  be  boiled  without  imdergoing  decom- 
position. Organic  matter,  however,  combines  with  part  of  tlie 
oxygen  contained  in  the  acid,  and  reduces  it  first  to  manganic 
acid  and  then  to  the  dioxide  of  the  metal,  which  is  precipitated 
in  flocculi  as  a  hydrate  :  their  solutions,  therefore,  must  not  be 
filtered  through  paper,  but  through  a  funnel  loosely  plugged  with 
asbestos.  A  dilute  solution  of  the  permanganate  of  known 
strength  is  employed  to  estimate  the  amount  of  oxidizable  organic 
impurity  in  waters  supplied  for  domestic  use.  When  ignited, 
oxygen  is  given  off,  and  a  manganate  is  reproduced,  which,  if  the 
heat  be  too  great,  is  in  turn  decomposed  with  a  farther  extrica- 
tion of  oxygen.  Most  of  the  permanganates  are  freely  soluble  in 
water ;  argentic  permanganate  is  the  least  soluble  of  these  salts. 
If  concentrated  solutions  of  potassic  permanganate  and  argentic 
nitrate  be  mixed  together,  a  red  crystalline  argentic  permanganate 
is  deposited.  It  may  be  employed  for  the  preparation  of  the 
other  permanganates ;  if  it  be  levigated  with  water,  and  mixed 
with  a  solution  of  the  chloride  of  the  metal  of  which  the  per- 
manganate is  required,  double  decomposition  occurs,  and  argentic 
chloride  is  formed,  whilst  the  desired  permanganate  is  obtained  in 
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solution.  In  this  way  baric  permanganate  maybe  procnredj  and 
from  it  the  permanganic  acid  may  be  obtained  in  solutioUj  by  the 
cantioos  addition  of  diluted  sulphuric  acid^  so  long  as  any  preci« 
pitate  is  produced :  on  evaporation  it  may  be  obtained  as  a  brown 
partially  crystalline  mass,  which  is  very  soluble  in  water :  its 
solution  is  decomposed  by  mere  elevation  of  temperature;  at 
about  104°  (40°  C.)  hydrated  dioxide  of  manganese  is  deposited, 
and  oxygen  gas  escapes. 

Condy  has  employed  solutions  of  potassic  manganate,  and 
potassic  permanganate^  as  disinfecting  agents,  for  which  purpose 
they  are  admirably  adapted :  the  organic  matter  is  rapidly  and 
completely  oxidized  by  their  means,  and  as  the  solutions  have  no 
corrosive  action,  and  no  ill  odour  of  their  own,  solutions  of  these 
salts  form  valuable  local  applications  to  foetid  sores. 

(802)  Manganoui  sulphide,  or  Protosulpkide  af  manganese  (MnS,  x  H,0), 
is  obtained  as  a  yellovriah-red  hydrate,  by  precipitating  a  manganona  salt  by 
ammonio  hydroacdphide.  The  presence  of  traces  of  iron,  cobalt,  or  nickel 
renders  it  black :  it  speedily  becomes  oxidized  by  exposure  to  the  air.  A  crys- 
talline sulphide  may  be  obtained  in  black  rhombic  prisms,  by  heating  the  hy- 
drated sesquioxide  in  the  vapour  of  carbonic  disulphide ;  native  manganous  sulphide 
is  occasionally  met  with,  as  manganese  blende,  of  a  brownish-black  or  steel-grey 
colour,  and  feeble  metallic  lustre.  The  other  sulphides  of  manganese  have  not 
been  accurately  examined. 

(803)  Chlorides  of  Manganese. — ^Two  chlorides  of  this 
metal  may  be  obtained :  manganous  chloride,  MnCl^,  and  man« 
ganic  chloride,  Mn^Cl^. 

Manganous  chloride  (MnCljp4HjjO=i26  +  72)  Sp.  Gr.  a'oi. 
— ^This  substance  is  obtained  abundantly  as  a  waste  product 
in  the  preparation  of  chlorine,  by  acting  on  the  black 
oxide  of  the  metal:  the  chlorine  escapes,  and  manganous 
chloride  is  dissolved.^     If  this  solution  be  evaporated  to  dryness^ 


*  Yarious  attempts  have  been  made  to  economize  the  vast  quantities  of  man- 
ganous chloride  formed  during  the  manufacture  of  chloride  of  lime.  One  of  tho 
most  successful  is  the  method  employed  by  Mr.  Dunlop.  It  consists  in  precipi- 
tating the  manganese  as  carbonate,  and  roasting  the  carbonate  at  a  temperature 
of  about  608*  (320^  C).  At  Dieuze,  in  Frazice,  a  process  for  the  recovery  of  the 
waste  manganese  has  been  combined  with  one  for  turning  the  tank  waste  in  the 
Tnanofiicture  of  sodic  carbonate  to  account,  by  extracting  from  it  a  considerable  pro- 
portion of  its  sulphur  (p.  418),  and  the  results  are  said  to  be  very  satisfiustoiy. 

The  following  is  an  outline  of  the  method,  given  by  Mr.  J.  L.  Bell  {Ckew^ 
News,  Sept  27,  1867):^ 

The  acid  liquor  from  the  chlorine  stills  having  been  neutralized  (by  a  prooen 
hereafter  to  be  described),  but  still  retaining  the  chlorides  of  manganese  and  iron, 
is  mixed  in  suitable  proportions  with  the  soda  waste.  In  a  short  time  the 
metallic  chlorides  become  converted  into  sulphides,  by  the  action  of  the  cakio 
sulphide,  whilst  soluble  calcio  chloride  is  fiHrmed,  and  much  of  it  dnons  away; 
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redissolved  in  water^  and  about  one-fourtli  of  its  bulk  be  preci- 
pitated by  means  of  sodic  carbonate^  an  impure  manganous  car* 
bonate  is  obtained.  If  this  precipitate^  after  it  has  been  well 
washed^  is  boiled  with  the  remainder  of  the  solution^  the  whole 
of  the  iron  will  be  precipitated  in  the  form  of  hydrated  sesqui- 
oxide^  while  manganous  oxide  takes  its  place^  and  carbonic  anhy- 
dride is  expelled^  leaving  a  solution  of  manganous  chloride  freed 
from  all  metallic  impurities  except  cobalt  and  nickel.  A  still 
better  process  consists  in  concentrating  a  solution  of  the  crude 
chloride  by  evaporation^  to  expel  the  excess  of  acid,  and  after- 
wards diluting  with  water.  A  current  of  sulphuretted  hydrogen 
is  transmitted,  by  which  the  iron  is  reduced  to  the  state  of 
ferrous  salt ;  the  manganese  may  then  be  obtained  free  from  iron, 
nickel,  and  cobalt  by  suspending  freshly  precipitated  manganous 
sulphide  in  water,  and  adding  it  to  the  liquid  as  long  as  the  fresh 
portions  of  sulphide  become  blackened ;  the  manganese  displaces 
the  other  metals  from  their  solution,  and  they  are  precipitated 
as  black  hydrated  sulphides:  for  example,  FeCl^  +  MnS, a?HgO 
=MnCl2  +  FeS,a7Hj)0.     On  evaporation  the  manganous  chloride 


HnCl,  +  CaS  =  MnS  +  CaCl,.  The  soFid  residae  is  then  removed  from  the  tank 
and  exposed  to  the  atmosphere,  turning  it  over  from  time  to  time  to  expose  fresh 
Borfaces  to  the  air.  The  temperature  of  the  mass  rises  gradually,  owing  to  the 
absorption  of  oxygen,  which  must  be  moderated  by  keeping  the  materials  mobt 
During  this  process  the  metallic  sulphides  are  converted  into  hydrated  oxides, 
whilst  the  sulphur  at  the  moment  of  its  liberation  enters  into  combination  with 
a  portion  of  calcic  sulphide,  converting  it '  into  a  persnlphide :  meantime  the 
liberated  oxides  act  upon  a  fresh  portion  of  calcic  sulphide,  lime  is  set  free,  and 
the  metals,  whether  iron  or  manganese,  are  reconverted  into  sulphides :  these 
sulphides  again  become  oxidized  by  further  absorption  of  oxygen  from  the  air, 
and  the  same  cycle  of  changes  is  renewed  as  long  as  any  unaltered  calcic  sul- 
phide remains.  A  portion  of  calcic  hyposulphite  is  formed  at  the  same  time. 
These  changes  may  be  illustrated  by  the  following  equations  :— 

4MnS  +  CaS  +  2O,  =  4MnO  +  CaS, ;        and  MnO  +  CaS  =  MnS  4- CaO ; 

Cakrio  byposolphite. 

and  2CaS  +  H,0  +  2O,  =  CaS.H.O^  +  CaO. 

The  caldo  polysulphide  and  hyposulphite  are  freely  soluble,  and  are  separated  by 
lixiviation,  forming  a  deep  yellow  liquid.  The  insoluble  refuse  is  thus  obtained 
destitute  of  offensive  qualities,  and  it  is  stated  may  be  kept  without  creating  any 
nuisance  in  the  neighbourhood.  According  to  an  analysis  of  it  given  by  Mr. 
Bell,  it  contains  a  mixture  of  about  21  per  cent  of  lime,  66  of  calcic  sulphate, 
with  a  little  carbonate,  and  about  9  per  cent,  of  oxides  of  iron,  manganese,  and 
aluminum. 

Meantime  the  sulphur  is  precipitated  from  the  yellow  liquor  by  the  waste 
add  solution  of  manganous  and  ferric  chlorides  from  the  chlorine  stilla.  This 
liquor  is  added  until  the  precipitated  sulphur  begins  to  show  a  blade  tinge  from 
predpitation  of  &rric  sulphide,  which  happens  as  soon  as  all  the  free  add  is 
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crystallizes  in  a  tabular  form  with  4H<20.  It  is  of  a  delicate 
pink  colour  and  slightly  deliquescent ;  by  heat  the  anhydrous 
chloride  may  be  procured^  which  is  soluble  in  alcohol ;  firom  this 
solution  it  crystallizes  with  4  atoms  of  alcohol  (MnCl3,4C5,HjO). 

Manganic  chloride  (Md,C1,)  may  be  obtained  in  eolation  by  acting  on  man- 
ganic sesqaioxide  with  cold  hydrochloric  acid :  it  is  of  a  dark  brown  colour :  it 
mast  be  concentrated  by  evaporation  in  vacuo.  It  is  converted  by  heat  into 
2MnCl,  +  CI,. 

An  ox^f chloride  (the  perchloride,  Mn^Cl,?  of  Dnmas)  is  obtained  by  dis- 
solving potassic  permanganate  in  oil  of  vitriol  and  adding  fused  sodic  chloride,  in 
small  portions  at  a  time ;  care  is  requisite  in  performing  this  operation,  as  if  the 
temperature  be  allowed  to  rise  too  high  the  mixture  sometimes  explodes  with 
violence :  it  is  a  greenish-yellow  gas,  which  condenses  at  0°  (—  1 8°  C.)  to  a  greenish- 
brown  liquid.  The  fumes  in  a  moist  air  assume  a  purple  colour  from  the  forma- 
tion of  permanganic  acid :  water  decomposes  it  instantly,  forming  a  red  solution 
of  permanganic  and  hydrochloric  acids.  It  is  probable  that  this  compound  is  an 
oxychloride  of  the  metal,  somewhat  analogous  to  the  so-called  chlorochromic 
acid  (789). 

Fluorides  of  manganese,  corresponding  to  each  of  these  chlorides,  have  been 
formed. 

(804)  Manganous  Sulphate    (MnS04,5H30=i5i+9o;  Sp. 
Gr.  anhydr.  3*1)  is  obtained  for  the  use  of  the  caUco-printer,  by 


neutralized,  the  sulphur  being  precipitated  in  consequence  of  the  reaction  fol- 
lowing :— 

2CaS,  +  CaS,H,0,  +  6HC1  =  3CaCl,  +  4H,0  +  6S,. 

The  precipitated  sulphur  is  then  removed  from  the  liquid,  and  the  greater  portion 
of  the  liquor  which  it  still  retains  is  removed  by  preMure.  It  is  then  dried  at  a 
gentle  heat  and  used  for  producing  sulphuric  acid. 

The  liquor  thus  rendered  neutral  still  contains  the  iron  and  manganese,  and 
i»  in  a  state  fit  for  admixture  with  the  soda  waste  as  already  described.  From 
the  surplus  neutral  liquors,  after  a  sufficient  quantity  has  been  employed  in  the 
recovery  of  the  sulphur,  the  manganese  is  obtained  as  follows : — The  yellow  sul- 
phuretted lime  liquor  is  added  to  the  metallic  chlorides,  so  long  as  it  occasions  a 
precipitate  of  black  ferric  sulphide,  this  is  collected  and  dried :  from  the  mode  of 
its  preparation  it  always  contains  free  sulphur,  and  may  be  burned  in  kilns  for 
making  sulphuric  acid ;  oxide  of  iron  remaining. 

The  iron  having  been  thus  separated  from  the  metallic  solution  a  fresh  quan- 
tity of  the  yellow  liquor  is  added,  and  the  whole  of  the  manganese  thrown  down 
as  sulphide,  mixed  with  free  sulphur.  This  precipitate,  after  drying,  is  also 
burned,  and  the  sulphur  converted  into  sulphuric  acid.  The  burnt  residue  in 
this  case  consists  of  a  mixture  of  the  lower  oxides  of  manganese  with  manganous 
sulphate.  The  oxides  being  free  from  iron  are  sold  to  the  glassmakers,  after 
the  sulphate  has  been  removed  by  washing.  The  concentrated  solution  of  man- 
ganous sulphate  thus  obtained  is  mixed  with  an  equivalent  amount  of  sodic 
nitrate;  and,  when  heated,  the  mixture  becomes  decomposed.  Nitrous  fumes 
are  evolved,  and  are  directed  into  the  leaden  chambers,  whilst  the  residue  consists 
of  a  mixture  of  sodic  sulphate  with  oxide  of  manganese,  containing  from  60  to 
70  per  cent,  of  the  binoxide:  MnSO^  +  2NaN0,  =  Na^SO^  +  MnO,  +  2NO,. 
The  sodic  salt  is  removed  by  washing,  afler  which  both  it  and  the  oxide  of 
manganese  may  be  applied  to  their  ordinary  uses. 
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digesting  the  dioxide  in  diluted  siQphuric  acid^  in  order  to  ie> 
move  the  carbonates^  then  heating  the  oxide  with  oil  of  Titiiol, 
evaporating  to  dryness^  and  gently  igniting  the  residue  to  deooon- 
pose  the  ferrous  sulphate,  which  does  not  resist  so  high  a  tem- 
perature as  manganous  sulphate.  On  digesting  the  mass^  after  it 
has  become  cool,  in  water,  the  manganous  sulphate  is  dissoked, 
and  may  be  obtained  in  crystals  by  evaporation  :  it  crystalhies 
below  41°  (5°  C.)  with  jUfi  in  eflSorescent  prisms  ;  between  45® 
and  68°  (7°  and  20°  C.)  with  5H3O ;  and  between  68^  and  86° 
(20°  and  30°  C.)  with  4HgO  (Brandes).  It  forms  a  double  salt 
with  potassic  sulphate  (MnSO^K2SOp6H20),  which  is  isomor- 
phous  with  the  corresponding  magnesic  sulphate. 

Manganic  sulphate  cannot  be  obtained  in  crystals,  bat  it  was  procund 
by  Mitscherlich  combined  with  potassic  sulphate  crystallized  in  octohedia 
(KMn'''2S0^,i2H,0),  and  corresponding  in  form  and  composition  with  common 
alum. 

(805)  Manoai90U8  Cabbonatb  (MnCO,=:  115). — ^The  anhydrons  eaiboDitB 
forms  the  native  manganese  spar,  and  frequently  aocoropanies  spathic  iron:  the 
artificial  carbonate  may  be  obtained  as  a  white  hydrate  (2MnC0,,H,0)  on  pi«> 
cipitating  manganous  chloride  by  a  carbonate  of  one  of  the  alkali-metak :  it 
becomes  brownish  by  drying. 

(806)  Characters  of  the  Salts  of  Manganese. — The  salts 
formed  from  the  protoxide,  or  manganous  salts,  are  the  only  salts 
of  manganese  of  importance :  they  are  of  a  delicate  rose  ooIouTi 
and  have  an  astringent  taste.  With  caustic  potash  and  $odM 
their  solutions  yield  a  white  precipitate  of  hydrated  protoxide, 
which  absorbs  oxygen  rapidly,  and  becomes  brown  by  exposure 
to  the  air.  Ammonia  gives  a  similar  precipitate,  which  is  soluble 
in  excess  of  the  anmioniacal  liquid,  especially  when  it  contains 
ammonic  chloride ;  the  solution  absorbs  oxygen  quickly,  and  de- 
posits a  brown  hydrated  protosesquioxide.  The  carbonates  of  the 
alkali-metals^  give  a  white  precipitate  of  manganous  carbonate, 
soluble  in  ammonic  chloride.  With  ammonic  hydrosulphidt  a 
characteristic  flesh-coloured  hydrated  manganous  sulphide  n 
formed,  which  is  readily  dissolved  by  hydrochloric  and  by 
nitric  acid  ;  it  becomes  brown  by  exposure  to  air.  Sulphuretted 
hydrogen  gives  no  precipitate  in  ordinary  solutions  of  man- 
ganese ;  but  a  neutral  solution  of  manganous  acetate  is  partially 
precipitated  by  this  gas.  Potassic  ferrocyamde  gives  in  neutral 
solutions  a  white  precipitate  soluble  in  acids;  in  neutral  solu- 
tions potassic  ferricyanide  produces  a  brown  precipitate.  Mr. 
Crum  has  pointed  out  an  extremely  delicate  test  of  the  presence 
of  a  manganous  salt,  provided  that  the  solution  is  free  from 
chlorides ;  the  liquid  must  be  mixed  with  diluted  nitric  acid^  and 
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a  little  plumbic  dioxide  added :  on  boiling  the  mixture,  the  red 
colour  of  permanganic  acid  is  produced  by  a  trace  of  manganese 
which  is  too  small  to  be  otherwise  recognized.  Before  the  blow^ 
pipe,  when  used  on  platinum  wire  or  foil,  with  a  little  sodic  car- 
bonate, the  compounds  of  manganese  give  a  very  characteristic 
bluish-green  opaque  bead  :  a  bead  of  borax  or  of  microcosmic 
salt  becomes  violet  in  the  oxidizing  flame,  if  manganese  be  pre- 
sent ;  the  colour  disappears  in  the  reducing  flame. 

(807)  Estimation  of  Manganese,  and  S^aration  from  the 
Alkalies. — Manganese  is  generally  estimated  in  analysis  in  the 
form  of  the  red  oxide  (MugOJ,  which  contains  72*05  per  cent,  of 
the  metal.  For  this  purpose  it  is  precipitated  from  a  boiling 
solution  of  its  salts  by  potassic  or  sodic  carbonate ;  the  precipi- 
tated carbonate  is  well  washed,  and  then  heated  to  redness,  by 
which  carbonic  anhydride  is  expelled,  and  the  red  oxide  is  pro- 
duced by  absorption  of  oxygen  from  the  air. 

Separation  of  Manganese  from  the  Alkaline  Earths. — The 
solution  must  be  rendered  nearly  neutral,  and  ammonic  hydro- 
sulphide  added,  which  precipitates  the  manganese  as  sulphide : 
the  sulphide  must  then  be  redissolved  in  hydrochloric  acid,  pre- 
cipitated by  potassic  carbonate,  and  the  manganese  estimated, 
after  ignition,  as  red  oxide.  It  is  apt,  however,  to  retain  some 
portions  of  the  earths  when  thus  separated.  The  oxide  must 
therefore  be  again  redissolved  in  hydrochloric  acid;  ammonic 
chloride  must  be  added,  and  then  a  mixture  of  ammonia  and 
ammonic  carbonate  in  excess,  by  which  the  manganese  will  be 
held  in  solution  ;  and  if  strontium,  calcium,  or  barium  be  pre- 
sent, they  will  remain  undissolved  in  the  form  of  carbonates, 
which  must  be  collected  on  a  filter,  weighed,  and  deducted  firom 
the  weight  of  the  oxide  previously  obtained. 

Separation  from  Zinc,  Cadmium,  Cobalt,  and  Nickel. — The 
solution  is  mixed  with  potassic  acetate  in  excess,  to  convert  the 
metals  into  acetate,  then  sulphuretted  hydrogen  is  transmitted ;  the 
manganese  remains  in  solution,  whilst  the  other  metals  are  precipi- 
tated as  sulphides  if  the  solution  is  only  faintly  acid.  If  cadmium 
alone  is  present,  the  addition  of  potassic  acetate  is  unnecessary. 

Separation  from  Iron,  Chromium,  Uranium,  Aluminum,  and 
Glucinum. — This  is  readily  eflected  afta*  converting  the  iron  into 
a  ferric  salt  and  diluting  the  solution  largely  with  water,  by  digest- 
ing it  upon  finely  levigated  baric  carbonate.  Manganese  alone 
remains  in  the  liquid,  the  other  oxides  being  displaced  by  baryta. 
The  excess  of  barium  is  removed  by  sulphuric  acid,  and  the  man- 
ganese precipitated  by  sodic  carbonate. 
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TIN. 


Manganese  is  connected  by  isomorphous  relations  with  a  great 
number  of  the  elementary  bodies.  Its  protoxide  is  isomorphous 
with  the  oxides  of  the  magnesian  group :  its  sesquioxide  is  isomor- 
phous with  alumina  and  the  ferric  and  chromic  oxides.  The  man* 
ganates  are  isomorphous  with  the  sulphates^  and  the  perman- 
ganates with  the  perchlorates. 


CHAPTER  XVII. 


GROUP  YI. CERTAIN  METALS  WHICH  FORM  ACIDS  WITH  OXYGEN. 
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In  this  list  zirconium^  thorinum^  columbium,  and  tantalum 
are  omitted^  because  so  little  is  known  of  them.  The  foregoing 
list  of  metals  capable  of  yielding  acids  with  oxygen  is  divisible  into 
three  natural  families^  which  have  little  in  common.    (See  p.  331.) 

§  I.  Tin  (Stannum)  :  Sn*^=ii8;  Sp.  Gr.  7*292  ;  Fusing-pt  442® 
(227°*8  C.) ;  Dyad  in  Stannous  salts,  as  SnCl^ ;  Tetrad  in 

Stannic  salts,  as  SnCl^. 

(808)  This  beautifiil  metal  is  one  of  those  which  have  been 
longest  known  to  man^  as  it  is  mentioned  in  the  Books  of  Moses. 
Tin,  however,  is  met  with  in  but  few  localities.  Its  only  ore  of 
importance  is  the  dioxide,  or  tin-stone,  which  occurs  crystallized  in 
prisms  isomorphous  with  those  of  rutile.  It  is  usually  found  in 
veins,  running  through  primitive  rocks  of  porphyry,  granite,  or 
clay-slate,  and  is  generally  mingled  with  the  sulphides  and  arse- 
nides of  copper  and  iron,  aiid  frequently  also  with  wolfram.  The 
most  celebrated  tin  mines  are  those  of  Cornwall,  which  were 
worked  before  the  Roman  invasion ;  they  furnish  annually  up- 
wards of  10,000  tons  of  the  metal.     The  mines  of  Malacca  also 
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yield  a  very  pure  tin ;  the  metal  is  likewise  obtained  to  a  smaller 
extent  from  Mexico.  The  tin-veins  in  Cornwall  are  frequently 
associated  with  those  of  copper^  and  they  run  almost  invariably 
east  and  west.  The  tin  ore  is  often  met  with  in  alluvia]  soils, 
whither  it  has  been  carried  from  its  original  position  by  the  action 
of  water.  In  this  case  the  ore  occurs  in  detached^  rounded  masses, 
and  is  very  pure,  constituting  what  is  termed  stream  tin.  The 
position  of  the  veins  is  frequently  traced  by  following  the  stream 
towards  its  source,  up  to  the  point  where  the  ore  ceases  to  be 
found ;  a  careful  examination  of  the  vicinity  generally  leads  to  the 
discovery  of  the  vein. 

(809)  Extraction  of  Metallic  Tin, — In  order  to  extract  the 
metal  from  the  ore,  it  is  subjected  to  a  series  of  operations,  some 
of  which  are  of  a  mechanical  and  others  of  a  chemical  character. 
They  may  be  classified  thus : — 

I. — Stamping  and  washing,  to  remove  the  earthy  and  lighter 
portions.  2. — Roasting,  to  decompose  the  pyrites  and  get  rid  of 
the  arsenic  and  sulphur.  3. — Washing,  to  dissolve  out  cupric 
sulphate,  and  carry  off  the  ferric  oxide.  4. — Reduction,  by  which 
the  tin  is  separated  from  the  oxygen  and  the  gangue  or  earthy 
matter.     5. — Refining,  or  liquation,  and  boiling  with  green  wood. 

I. — The  purer  portions  of  the  ore  are  iSrst  picked  out  by 
hand  ;  the  residue,  consisting  chiefly  of  tin-stone,  with  the  earthy 
impurities  of  the  matrix,  mixed  with  arsenical  copper  and  iron 
pyrites,  passes  to  the  stamping  mill,  where  it  is  reduced  to  a  coarse 
powder.  This  powder  is  then  huddled  and  washed  (539),  to  re- 
move the  lighter  impurities. 

2. — ^The  heavier  portion,  however,  still  retains  a  considerable 
quantity  of  arsenical  iron  and  copper  pyrites.  The  next  opera- 
tion is  intended  to  get  rid  of  these  substances ;  with  this  view  the 
washed  ore  is  roasted  in  a  reverberatory  fiimace  until  the  arsenic 
and  a  good  deal  of  the  sulphur  are  expelled,  and  the  ore  becomes 
converted  into  yellowish-brown  powder ;  this  process  usually  lasts 
about  twelve  hours.  During  this  roasting,  frequent  stirring  is 
necessary  in  order  to  expose  fresh  surfaces  freely  to  the  air.  By 
this  means  the  iron  pyrites  is  decomposed,  and  is  converted  into 
sulphurous  anhydride  and  ferric  oxide ;  the  arsenic  is  expelled  as 
arsenious  anhydride,  and  the  greater  part  of  the  sulphide  of  copper 
is  converted  into  cupric  sulphate :  this  conversion  is  completed 
by  exposing  the  mass  in  a  moistened  state  to  the  air  for  some  days. 

3. — The  cupric  sulphate  is  then  dissolved  out  by  lixiviation ; 
after  which  the  principal  part  of  the  ferric  oxide,  as  it  is  much 
lighter  than  the  stannic  oxide,  is  got  rid  of  by  washing. 

II.  8  8 
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4. — ^The  washed  ore  is  now  ready  for  reduction.*  In  order 
to  attain  this  object  it  is  mixed  with  from  one -fifth  to  one-eighth 
its  weight  of  powdered  anthracite  or  of  charcoal^  and  with  a  small 
proportion  of  lime  to  facilitate  the  fusion  of  the  siliceous  gangue, 
which  still  remains  mingled  with  the  ore.  The  mixture  haying 
.been  rendered  damp>  for  the  purpose  of  preventing  the  finer  par- 
ticles firom  being  carried  away  by  the  current  of  air,  is  introduced 
into  the  reducing  furnace.  This  is  a  reverberatory  furnace  with 
a  low  arch  or  crown.  The  charge  haying  been  placed  upon  the 
hearth,  the  doors  are  closed  up,  and  the  heat  is  gradually  raised 
for  five  or  six  hours ;  the  stannic  oxide  is  thus  reduced  by  the 
carbon  before  the  temperature  rises  high  enough  to  cause  the 
oxide  to  fuse  with  the  silica,  with  which  it  would  form  an  enamel 
di£Bcutt  of  reduction.  Towards  the  end  of  the  operation  the  heat 
is  raised  until  it  becomes  very  intense  ;  the  slags  are  thus  ren- 
dered fluid>  and  the  reduced  metal  subsides  to  the  bottom,  and  is 
allowed  to  nm  off  into  cast-iron  pans,  from  which  it  is  ladled  off 
into  mould& ;  but  the  ingots  so  obtained  are  by  no  means  pure. 

5. — ^Th^  are  therefore  next  submitted  to  a  process  of  Hqua^ 
tion,  which  consists  in  heating  the  ingots  to  incipient  fusion,  upon 
the  bed  of  a  reverberatory  furnace  :  the  pmrer  tin,  being  the  more 
fVisible  portion,  gradually  melts  out  and  leaves  an  alloy,  which  has 
a  higher  melting-point.  This  less  fusible  portion,  when  remelted, 
forms  the  inferior  variety  called  block  tin.  The  tin  which  has  run 
out  of  the  ingots  fe  drawn  off  into  a  second  pan  in  which  the 
metal  is  gently  heated,  being  kept  in  a  state  of  fusion  by  a  fire 
imdemeath ;  here  it  is  agitated  briskly  by  thrusting  into  the  mass 
stakes  soaked  in  ^atev ;  the  steam  thus  produced,  as  it  bubbles  up 
through  the  molten  metal,  carries,  the  dust,  slag,  and  other  me- 
chanical impurities  to  the  surface.  After  this  treatment  has  been 
continued  for  about  three  hours  the  metal  is  allowed  to  remain 
undisturbed  for  a  couple  of  hours ;  it  is  then  skimmed,  ladled  out, 
and  cast  into  ingots  for  the  market.  The  portion  contained  in  the 
upper  half  of  the  pan  is  the  purest,,  as  owing  to  the  low  density 
of  tin,  and  its  tendency  to  separate  frt>m  its  alloys,  it  rises  to  the 
surface.  The  finest  quality  of  the  metal  is  frequently  heated  a 
second  time  to  a  temperature  a  little  short  of  its  melting-point; 


*  When  much  wolfram  is  contained  in  the  ore  it  is  sotnetimes  fnaed  with 
•odic  carbonate  before  proceeding  to  the  redaction ;  the  tungstio  aoid  ia  thus  re- 
moved in  the  form  of  a  sQlable  sodic  tungstate,  which  is  extracted  by  water, 
and  ia  sometimee  employed  in  calico-printing  as  a  mordant;  it  haa  lately  abo 
been  proposed  to  apply  it  to  muMlin  dresses  to  prevent  them  from  burning  witb 
flame,  should  they  happen  to  take  fire  (618). 
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at  this  high  temperature  it  becomes  brittle>  and^  if  allowed  to  fall 
firom  a  height^  it  breaks  into  irregular  prismatic  fragments^  which 
are  known  as  dropped  or  grain  tin.  The  splitting  of  the  mass  into 
these  fragments  is  a  rude  guarantee  of  the  purity  of  the  metal,  since 
impure  tin  does  not  become  brittle  in  this  manner. 

On  the  Continent  the  stream  tin  is  frequently  reduced  in  small 
blast  furnaces,  termed  by  the  French  foumeaux  a  manche ;  the  fuel 
used  in  this  case  is  charcoal.  The  tin  which  is  imported  firom 
Banca  is  almost  chemically  pure.  English  tin  usually  contains 
small  quantities  of  arsenicum,  copper^  iron^  and  leadj  and  often 
traces  of  gold. 

When  required  in  a  state  of  perfect  purity,  the  metal  may  be 
obtained  by  means  of  voltaic  action.  For  this  purpose  a  concen- 
trated solution  of  crude  tin  in  hy<}rochIoric  acid  may  be  placed  in 
a  beaker,  and  water  cautiously  poured  in  without  disturbing  the 
dense  solution  below.  If  a  bar  of  tin  be  plunged  into  the  liquid, 
beautiful  foliated  or  prismatic  crystals  of  pure  tin  are  gradually 
deposited  on  the  bar  at  the  point  of  junction  between  the  metallic 
solution  and  the  water. 

(810)  Properties. — ^Tin  is  a  white  metal  with  a  tinge  of  yellow, 
and  a  high  metallic  lustre.  It  is  rather  soft,  and  is  very  malle- 
able, but  is  deficient  in  tenacity.  At  a  temperature  of  about  100^  C. 
its  ductility  is  considerable,  and  it  may  then  be  easily  drawn  into 
wire.  In  a  laminated  state  it  is  well  known  as  tinfoil.  If  a  bar 
of  tin  be  bent,  it  emits  a  creaking  sound,  a  property  which  it  pos« 
sesses  in  common  with  cadmium ;  if  bent  several  times  in  succes- 
sion backwards  and  forwards,  it  becomes  sensibly  hot  at  the  point 
of  flexure.  These  efiects  depend  upon  a  mechanical  alteration  of 
the  relative  position  of  its  molecules,  and  their  mutual  friction. 
Tin,  when  handled,  communicates  a  peculiar  odour  to  the  fingers. 
It  is  a  tolerably  good  conductor  both  of  heat  and  electricity.  It 
fuses  at  442°  (227°*8  C.),according  to  Crichton,  or45i°*4  (233^0.), 
(Person),  but  is  not  sensibly  volatilized  in  the  furnace.  It  may  be 
obtained  in  crystals  by  slow  cooling  after  fusion.  Tin  is  but  slowly 
tarnished  by  exposure  to  the  air  and  moisture  at  ordinary  tem- 
peratures, but  if  heated  to  redness  in  a  current  of  steam,  or  if  ex- 
posed to  the  air  at  a  high  temperature,  it  becomes  rapidly  con- 
verted into  the  dioxide  and  bums  with  a  brilliant  white  light. 
Nitric  acid  of  sp.  gr.  1*52  does  not  attack  tin,  but  if  diluted  to 
I '3  it  acts  upon  it  violently,  and  produces  an  insoluble  hydra  ted 
dioxide  of  the  metal  known  as  metastannic  acid ;  at  the  same 
time,  owing  to  the  decomposition  of  water,  a  considerable  quan- 
tity of  ammonia  is  formed,  which  enters  into  combination  with 
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the  excess  of  nitric  acid.  Strong  hydrochloric  acid,  when  hestei 
upon  tin^  dissolves  it  gradually  with  extrication  of  hydrogen.  Aqjot 
regia^  if  not  too  concentrated,  dissolves  the  metal  and  oonverti  it 
into  the  tetrachloride.  Diluted  sulphuric  acid  is  withoiat  actkm 
on  the  metal  in  the  cold ;  but  if  the  concentrated  acid  be  boiled 
upon  it,  the  tin  becomes  converted  into  stannic  sulphate,  sod 
globules  of  siQphur  are  separated,  while  sulphuroua  anhydiide 
escapes :  the  tin  appears  in  this  case  to  be  dissolyed  as  staimoiii 
sulphate,  which  is  oxidized  to  stannic  sulphate  at  the  expense  cf 
the  sulphurous  acid,  and  sulphur  is  deposited;  Sn+2H,S0^yidd- 
ing  Sn"SO^-|-S02-|-2H30;  and  2Sn''S0^+S0,-f  aH^SO^fiinridi 
2(Sn^*2S0J+S-}-2H,0.  Potassic  and  sodic  hydrates  act  upoi 
tin  at  high  temperatures,  hydrogen  being  evolved^  whilst  a  salable 
metastannate  of  the  alkali-metal  is  formed.  Tin  combines  readily 
with  sulphur,  phosphorus,  chlorine,  and  bromine^  if  heated  witk 
them. 

Owing  to  its  brilliancy,  and  its  power  of  resisting  ordinaij 
atmospheric  changes,  tin  is  largely  employed  as  a  coating  upon 
other  more  abundant  but  more  oxidizable  metals,  to  protect  them 
during  use.  Iron  and  copper  are  especially  adapted  to  the  ope- 
ration of  tinning.  In  India,  tin  is  applied  instead  of  silver  to 
steel  and  iron  articles  by  way  of  ornament ;  the  tin  is  melted, 
and  while  still  liquid  is  agitated  in  a  box  till  it  has  become  solid; 
the  fine  powder  thus  procured  is  separated,  by  suspension  in  water, 
from  the  coarser  particles,  and  is  made  into  a  thin  paste  with  ^ne; 
it  is  then  applied  in  the  desired  pattern  ;  when  perfectly  dry  it  ii 
burnished,  and  afterwards  varnished;  its  brilliancy  is  thna  pie- 
served  unchanged. 

(811)  Tin-Plate. — The  ordinary  process  of  tinning  iron  diffien 
from  the  foregoing  one,  and  is  far  more  important  in  its  eco- 
nomical results.  In  tin-plate  an  actual  alloy  of  the  two  metals 
is  formed  upon  the  surface  of  the  iron,  the  external  surface  being 
pure  tin. 

For  the  inanafactare  of  tiu-plate,  the  best  charcoal  iron  is  reqaired.  Aftar 
the  iron  has  been  rolled  and  cot  into  sheets  of  suitable  thickness  aiid  k/b,  iti 
surface  is  made  chemicallj  clean.  For  this  purpose  the  sheets  are  immeised  ftr 
four  or  five  minutes  in  a  mixture  of  sulphuric  acid  and  water ;  after  which  thcj 
are  raised  to  a  red  heat  in  a  reverberatorj  furnace ;  they  are  then  withdiawB, 
allowed  to  cool,  and  hammered  flat  In  order  to  detach  from  them  all  tfas 
scales  of  oxide,  they  are  passed  between  polished  rollers,  and  as  they  emerge  thej 
are  plunged  one  by  one  into  a  mixture  of  bran  and  water  which  has  become  soar 
by  exposure  to  the  air ;  here  they  remain  for  some  hours,  and  are  thence  tnnt- 
ferred  to  a  vessel  containing  a  mixture  of  diluted  sulphuric  and  hydrodikrio 
acids ;  lastly,  they  are  scoured  with  bran,  and  plunged  into  pure  water  or  liat* 
water,  in  which  last,  if  the  surfiice  be  clean  on  immersion,  they  may  remain  ftr 
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any  length  of  time  without  mating :  these  preliminary  steps  are  necessary  in 
order  to  secure  a  clean  sur&oe,  as  the  tin  will  not  adhere  to  an  oxidated  or  even 
a  dusty  plate.  In  some  works,  the  plates,  after  they  have  been  scoured,  are 
further  cleaned  with  hydrochloric  acid  holding  zinc  in  solution,  and  then  dipped 
into  the  melted  tin  in  the  manner  about  to  be  described. 

The  plates  having  been  prepared  by  either  of  the  foregoing  processes  are  next 
plunged  one  by  one  into  a  large  vessel  of  melted  tallow  free  from  salt,  and  after 
remaining  there  for  an  hour  they  are  immersed  in  the  bath  of  melted  tin,  which  is 
preserved  from  oxidation  by  a  stratum  of  grease  three  or  four  inches  (8  or  lo^^*) 
thick.  Here  they  remain  for  about  an  hour  and  a  half;  they  are  then  with- 
drawn and  allowed  to  drain.  After  this  they  are  plunged  into  a  second  bath  of 
pure  tin,  and  the  excess  of  tin  is  removed  by  again  heating  them  in  a  bath  of 
tallow :  the  tin  melts  and  nins  down  to  the  lower  edge  of  the  plate ;  when  cool, 
this  thickened  margin  is  finally  reduced  by  dipping  the  edge  of  the  plate  once 
more  into  tin  kept  at  a  temperature  much  above  its  melting-point ;  the  heat 
quickly  fuses  the  superfluous  metal,  which  is  then  detached  by  giving  the  plate 
a  sharp  blow.  Tin-plate  is  sometimes  made  to  exhibit  a  beautiful  crystalline 
appearance,  known  under  the  term  moirie  mStallique,  A  mixture  of  2  parts  of 
nitric  acid,  with  2  of  hydrochloric  acid,  is  made  with  4  of  water :  the  tin-plate  is 
gently  heated,  and  the  liquid  spread  evenly  over  with  a  sponge ;  the  crystals 
gradually  appear.  The  plate  is  then  plunged  into  water,  dried  quickly,  and 
varnished.     Different  coloured  varnishes  are  used  to  vary  the  effects. 

Tinning  of  copper  is  the  same  in  principle,  but  is  a  simpler  operation  than 
the  tinning  of  iron :  the  surface  of  the  metal  'm  rendered  dean  by  rubbing  it, 
while  heated,  with  sal  ammoniac;  when  quite  bright  the  copper  is  sprinkled 
with  a  little  rosin  to  prevent  oxidation,  and  melted  tin  is  the^  poured  on  and 
spread  over  the  surface  with  tow  by  the  workman,  who  keeps  the  article  con- 
stantly at  a  high  temperature ;  the  superfluous  tin  is  wiped  off  with  the  tow. 
The  addition  to  the  tin  of  one-fourth  of  its  weight  of  lead  renders  the  operation 
more  easy,  as  the  alloy  is  more  perfectly  liquefied.  Pins,  which  are  made  of 
brass  wire,  are  tinned  by  boiling  them  for  a  few  minutes  with  a  solution  con- 
taining 1  part  of  cream  of  tartar,  2  parts  of  alum,  and  2  of  common  salt  in  1 2 
parts  of  water,  with  a  quantity  of  granulated  tin :  in  the  course  of  a  few  minutes 
a  brilliant,  white,  closely  adhering  coat  of  tin  is  deposited  upon  the  surface  of 
the  pins. 

(812)  The  alloys  of  tin  wliich  are  employed  in  the  arts  are 
numerous.  Britannia  metal  is  a  white  alloy  which  is  a  good  deal 
used  for  making  teapots  and  spoons  of  a  low  price ;  it  consists  of 
equal  parts  of  brass^  tin^  antimony^  and  bismuth.  Pewter  is 
another  alloy  of  this  description;  both  of  these  possess  consi- 
derable malleability^  pewter  being  intermediate  in  hardness 
between  lead  and  Britannia  metal.  The  best  pewter  consists  of 
4  parts  of  tin^  and  i  of  lead.  Another  alloy^  which  is  inter- 
mediate in  properties  between  pewter  and  Britannia  metal^  is' 
called  Queen's  metal ;  it  is  used  for  the  manufacture  of  teapots 
and  common  spoons.  It  consists  of  9  parts  of  tin^  i  part  of 
antimony^  i  of  bismuth^  and  i  of  lead.  Plumber^s  solder  is  an 
alloy  of  tin  and  lead  which  is  more  fusible  than  pure  lead :  fine 
solder  consists  of  2  parts  tin  and  i  of  lead ;  common  solder  of 
equal  parts  of  lead  and  tin ;  and  coarse  solder  is  composed  of  2 
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of  lead  to  i  of  tin.  Lead  and  tin  may  be  melted  tc^ether  in  dl 
proportions^  and  notwithstanding  their  difference  in  dennty,  tiny 
do  not  separate  when  the  fused  mixtore  is  allowed  to  cool 
slowly  (Matthiessen).  The  same  is  true  also  of  the  alloy  of  tin  aal 
zinc ;  if  the  two  metals  be  fused  togethe)r  in  equal  pioportiaoi^ 
the  result  forms  a  hard,  white  alloy  nearly  as  tough  as  hnm. 

Tin  forms  several  important  alloys  with  copper.    Speenkm 
metal  J  used  for  the  mirrors  of  reflecting  telescopes^  consistB  of  i 
part  tin  and  2  copper,  or  (Cu^Sn) :  it  is  of  a  steel- white  cdoor^ 
extremely  hard,  brittle,  and  susceptible  of  a  high  polish.     Hie 
proportions  of  the  constituents  of  speculum  metal  recommended 
by  different  authorities  vary,  and  sometimes  a  small  quantity  of 
arsenic  is  added  to  the  alloy.     BeU  metal  consists  of  about  78  of 
copper  and  22  of  tin,  or  (Cu^Sn)  :  sometimes  a  mixture  of  xine 
and  lead-  is  substituted  for  a  part  of  the  tin.     Gun  metal  contains 
only  9  or  10  per  cent,  of  tin.     Bronze  contains  less  tin  than  bdl- 
metal,  with  usually  an  addition  of  3  or  4  per  cent,  of  zinc.   He 
bronze  used  for  coin  consists  of  95  parts  of  copper^  4  of  tin,  and  i 
of  zinc.     Bronze  admits  of  a  peculiar  kind  of  tempering.     If  it 
be  annealed,  and  allowed  to  cool  slowly,  it  becomes  hard,  brittle^ 
and  elastic ;  but  if  cooled  suddenly,  it  may  be  hammeied,  snd 
worked  at  the  lathe  ;  this  property  is  taken  advantage  of  in  the 
manufacture  of  articles  with  this  alloy ;  they  are  wrought  in  tke 
soft  state,  and  are  afterwards  hardened  by  annealing.      The  eifeel 
of  sudden  cooling  upon  bronze  is  therefore  just  the  reverse  of  tlist 
which  is  produced  by  it  upon  steel.    These  alloys  of  copper  and  tin 
are  much  harder  than  copper  itself,  and  considerably  more  fiuiUe. 
The    melting-point  of  copper,   according  to  Daniell,  is   1996" 
(i09J®*i  C.) ;  but  an  alloy  of  tin  and  copper  containing  6'6  per 
cent,  of  tin,  fused  at  1690®  (921^1  C.) ;  and  i  with  12' 3  per  cent 
of  tin,  at  1534®  (834^*4  C).    These  alloys  have  a  specific  gravity 
greater  than  the  mean  of  that  of  the  metals  which  enter  into 
their  composition.     They  resist  oxidation  in  the  air  more  com* 
pletely  than  copper. 

An  inconvenience  in  the  use  of  the  alloys  of  copper  and  tin 
arises  from  the  circumstance,  that,  when  melted,  the  two  m^als, 
owing  to  their  difference  in  density,  have  a  tendency  to  separate 
from  each  other,  even  after  they  have  been  well  incorporated: 
the  tin  accumulates  in  the  upper  portions  of  the  melted  voMm, 
where  it  forms  a  more  fusible  alloy.  It  is  therefore  very  difficnk 
in  large  castings  to  obtain  a  mass  of  metal  the  composition  of 
which  is  uniform  throughout. 

The  amalgam  qf  tin  and  merewry  is  employed  for  tlie  silvering  of  minron. 


AMALGAM   OP  TIN  AND   MBRCUBT — OXIDX8  07   TIN.  631 

In  order  to  apply  it  to  the  glass,  a  sheet  of  tinfoil  is  spread  evenly  upon  a  smooth 
slab  of  stone,  which  forms  the  top  of  a  table  carefully  levelled,  and  snrroonded 
by  a  groove,  for  the  reception  of  the  saperfluous  meroory.  Clean  mercnry  is 
poured  upon  the  tinfoil,  and  spread  uniformly  over  it  with  a  roll  of  flannel ; 
more  mercury  is  then  poured  on  till  it  forms  a  fluid  layer  of  the  thickness  of 
about  half-a-crown ;  the  surfaoe  is  cleared  of  impurities  by  passing  a  linen  doth 
lightly  over  it;  the  plate  of  glass  is  carefully  dried,  and  its  edge  being  made  to 
dip  below  the  surfaoe  of  the  mercury,  is  pushed  forward  cautiously ;  all  bubbles 
of  air  are  thus  excluded  as  it  glides  over  and  adheres  to  the  surface  of  the  amal- 
gam. The  plate  is  then  covered  with  flannel,  weights  are  placed  upon  the  glass, 
and  the  stone  is  gently  indined  so  as  to  allow  the  excess  of  mercnry  to  drain  off; 
at  the  end  of  14  hours  it  is  placed  upon  a  wooden  table,  the  inclination  of  which 
is  increased  from  day  to  day  until  the  mirror  asHumes  a  vertical  position :  in 
about  a  month  it  \b  sufficiently  drained  to  allow  the  mirror  to  be  framed.  The 
amalgam  usually  contains  about  4  parts  of  tin  to  1  part  of  mercury. 

Several  of  the  compounds  of  tin  are  employed  in  the  arts. 
The  dioxide  is  used  to  some  extent  in  the  preparation  of  enamels, 
and  both  the  chlorides  of  tin  are  substances  of  great  importance 
to  the  dyer  and  the  calico-printer. 

(813)  Oxides  of  Tin. — ^With  oxygen,  tin  forms  two  principal 
compounds,  the  protoxide  or  stannous  oxide  and  the  dioxide 
or  stannic  oxide,  besides  some  intermediate  oxides  of  minor 
importance. 

Stannous  oxide,  or  Prot^de  (^  tin  (SnO=  134),  is  obtained  as 
a  white  hydrate  (aSnO,H30),  by  pouring  a  solution  of  stannous 
chloride  into  one  of  sodic  or  potassic  carbonate  in  excess ;  the 
carbonic  anhydride  escapes  with  effervescence.  When  moist,  this 
hydrate  absorbs  oxygen  from  the  air,  but  not  when  dry.  By 
ignition  in  closed  vessels  filled  with  nitrogen  or  with  carbonic 
anhydride  it  becomes  anhydrous.  The  anhydrous  protoxide  may 
also  be  obtained  by  decomposing  stannous  oxalate  by  heat  in 
closed  vessels.  If  heated  in  the  open  air  it  glows,  and  is  con- 
verted into  the  dioxide.  If  the  hydrated  protoxide  be  boiled 
with  a  solution  of  potash  in  excess,  it  is  dissolved,  and  in  a  few 
days  metallic  tin  is  separated,  stannic  oxide  remaining  in  solution. 
If  boiled  with  a  weak  solution  of  potash,  in  quantity  insuflficient 
to  dissolve  the  protoxide,  it  becomes  anhydrous,  and  is  converted 
into  a  mass  of  black  crystalline  needles ;  these  needles  when 
heated  decrepitate  powerfully,  increase  in  bulk,  and  are  converted 
into  an  olive-brown  powder.  By  evaporating  down  a  solution  of 
sal  ammoniac  containing  hydrated  stannous  oxide  in  suspension 
until  the  sal  ammoniac  begins  to  crystallize,  the  oxide  becomes 
anhydrous  and  assumes  a  brilliant  scarlet  colour,  which,  however, 
by  friction  disappears,  and  becomes  brown.  Hydrated  stannous 
oxide  is  readily  dissolved  by  acids,  but  the  anhydrous  oxide  is 
more  slowly  acted  upon  by  them. 
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(814)  Stannic  oxide,  or  Binoxide  of  tin  (SnOj=i5o)  ;  Sp.  Gr. 
6'95;  Comp,  in  100  parts,  Sn,  78*66;  O,  Jli'34. — Tim  oxide 
occurs  native  in  the  anhydrous  form  as  tinstone,  and  constitntel 
the  only  ore  of  tin  that  is  worked.  It  is  met  with  crystalliied 
in  square  prisms,  which  are  hard  enough  to  scratch  glass;  they 
have  usually  a  brown  colour,  owing  to  the  presence  of  ferric 
oxide  or  of  manganic  dioxide.  It  is  insoluble  in  acids,  but  if 
heated  with  an  alkali,  it  enters  into  combination  with  it,  and 
forms  a  soluble  compound. 

In  its  hydratcd  condition  dioxide  of  tin  has  the  characters  d 
an  acid,  and  forms  two  remarkable  varieties  which  have  been 
termed  respectively  metastannic  and  stannic  acids  (Fremy,  Asm, 
de  Chimie,  III.  xxiii.  393).  Like  the  metaphosphoric  and  phos- 
phoric acids,  they  require  each  a  different  amount  of  base  for 
saturation,  the  stannic  acid  combining  with  the  greatest  propor- 
tion of  base. 

Metastannic  acid  {^^nfi^^,^jyj  is  readily  procured  bv 
treating  metallic  tin  with  nitric  acid;  violent  action,  attended 
with  extrication  of  nitrous  fumes,  occurs,  and  the  tin  is  converted 
into  a  white,  crystalline,  insoluble  mass,  which  is  hydrated  meU- 
stannic  acid ;  after  washing  it  with  cold  water,  the  acid,  when 
dried  in  air,  consists  of  (SugOnpioHgO ;  Premy).  In  this  state 
it  reddens  litmus-paper;  when  dried  at  ico^  C.  it  loses  half  its 
water;  at  266°^  (130°  C.)  it  loses  an  additional  atom  of  water,  and 
by  ignition  becomes  anhydrous,  and  of  a  pale  buff  colour :  in 
this  form  it  possesses  the  properties  of  the  native  dioxide,  and 
constitutes  \hG putty  powder  employed  for  polishing  plate;  it  is 
also  largely  used  for  giving  whiteness  and  opacity  to  enamels. 

In  its  hydratcd  condition,  metastannic  acid  is  insoluble  in 
nitric  acid ;  concentrated  sulphuric  acid,  when  heated  with  it^  dis- 
solves it  freely  and  forms  a  compound  soluble  both  in  water  and 
in  alcohol ;  by  boiling  the  solution  it  is  decomposed,  and  the  two 
acids  are  separated.  Hydrochloric  acid  combines  with  it,  but 
does  not  dissolve  it ;  the  compound  is  soluble  in  pure  water,  but 
is  reprecipitated  on  the  addition  of  acid  in  excess,  or  on  boil- 
ing the  solution.  Metastannic  acid  is  freely  soluble  in  solu- 
tions of  potash  and  of  soda,  as  well  as  in  solutions  of  their  car- 
bonates, but  it  is  not  dissolved  by  ammonia,  unless  recendy 
precipitated  from  a  cold  solution  of  its  salts  by  the  addition  of  an 
acid ;  the  precipitate  is  not  soluble  in  ammonia  after  it  has  been 
boiled.  The  metastannates  are  not  crystallizable,  and  are  preci- 
pitated by  adding  caustic  potash  to  their  aqueous  solution ;  the 
granular  precipitate  may  be  drained  upon  a  tde,  and  dried  at 
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266^  (130°  C.) ;  their  normal  formula  is  M'^SiigO^  with  usually 

4H3O. 

The  potassium  salt  has  a  strongly  alkaline  reaction;  it  consists  of 
(K,Sn^Oj^^H,0).  The  metastannates  of  the  alkalies  can  only  exist  in  the 
hydrated  condition ;  if  strongly  heated  they  are  decomposed  and  become  in- 
Moluble ;  when  the  residue,  after  ignition,  is  treated  with  water,  metastannic  acid 
is  left,  whilst  the  alkali  is  dissolved.  Metastannic  acid  may  be  recognized  by 
the  beautiful  golden-yellow  colour  which  it  yields  when  its  hydrate  is  moistened 
with  a  solution  of  stannous  chloride,  owing  to  the  formation  of  stannona  meta- 
stannate  (SnySn^O^^^H^O).  The  only  metastannates  which  are  soluble  are  those 
of  potassium  and  sodium ;  they  are  precipitated  in  the  gelatinous  state  from 
their  solutions  by  the  addition  of  almost  any  of  the  neutral  salts  of  sodium, 
potassium,  or  ammonium. 

(815)  Stannic  Acid  (HgSnOj). — This  variety  of  the  hydrated 
stannic  oxide  may  be  procured  by  precipitating  a  solution  of 
stannic  chloride  by  ammonia,  or  still  better  by  adding  to  the  so- 
lution of  the  tetrachloride  a  quantity  of  an  insoluble  carbonate, 
such  as  chalk  or  baric  carbonate,  insufficient  for  its  entire  decom- 
position ;  it  is  thus  separated  as  a  gelatinous  precipitate,  which 
may  be  readily  washed  clean :  when  dried  in  vacuo,  the  composi- 
tion of  the  hydrate  is  (HgSnOj).  In  this  state  it  is  freely  soluble 
in  hydrochloric  acid,  with  which  it  reproduces  stannic  chloride ; 
it  is  also  soluble  even  in  diluted  sulphuric  acid,  but  the  stannic 
acid  is  separated  on  boiling.  Nitric  acid  dissolves  it  freely. 
Stannic  acid  is  soluble  in  the  cold  in  solutions  of  potash  and  of 
soda,  but  not  in  ammonia ;  by  a  heat  of  284^  (140°  C.)  it  is  con- 
verted into  metastannic  acid.  In  combination  with  the  alkalies 
it  forms  compounds  which  crystallize  readily,  especially  from 
solutions  which  contain  an  excess  of  alkali.  The  general  formula 
is  M'jjSnOj. 

The  soluble  stannates  have  a  powerfully  alkaline  reaction ; 
they  absorb  carbonic  acid  from  the  air  when  in  solution,  and  are 
precipitated  by  solutions  of  most  of  the  salts  of  potassium,  sodium, 

and  ammonium. 

Potaanc  stannate  (K,SnO,,3H,0 ;  Moberg)  is  easily  prepared  by  heating 
any  form  of  stannic  oxide  with  excess  of  caustic  potash ;  on  dissolving  and  eva- 
porating the  product,  transparent  oblique  rhombic  prisms  are  formed.  When 
heated  to  redness,  potassic  stannate  may  be  rendered  anhydrous.  Sodic  stannate 
(Na,SnO,,3H,0)  may  be  prepared  in  a  manner  similar  to  that  employed  for 
potassic  stannate.  It  crystallizes  with  facility  in  six-sided  tables,  when  a  solution 
saturated  at  about  104*^  (40°  G.)  is  heated  to  the  boiling-point,  as  it  is  more 
soluble  in  cold  than  in  hot  water.  This  stannate  is  now  largely  prepared  as  a 
mordant  for  the  use  of  the  dyer  and  calico-printer.  It  forms  the  basis  of  what 
is  technically  known  as  tin-prepare  liquor.  Copper  is  quickly  tinned  by  a 
solution  of  this  salt. 

Sesquioxide  of  tin,  or  Stannous  stannate  (Sn,Oj,  or  SnO,SnOj),  may  be  pre- 
pared as  a  slimy  grey  hydrate,  soluble  in  ammonia,  by  boiling  pure  hydrated 
fertlo  oxide  with  a  solution  of  stannous  chloride ;  ferrous  chloride  remains  in 
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solatioD,  2SnCl,  4- Fe,0,  =  2FeCl,  +  SnO^SnO^  It  is  solnble  io  l^dimUaDe 
acid  and  also  in  ammonia,  which  latter  reaction  seems  to  indicate  that  it  is  nsDji 
distinct  oxide ;  the  hydrochloric  solution  gives  a  purple  precipitate  with  nhs  of  goli 

(8i6)  The  sulphides  op  tin  are  three  in  number, — ^the  pro- 
tosulphide^  the  disulphide^  and  the  sesqnisulphide :  the  latter  ii 
unimportant. 

Stannous  sulphide,  or  Protosulphide  of  tin  (SnS=ijo)^iiia7lNi 
procured  by  fusing  the  metal  with  sulphur,  when  it  forms  a  Udib- 
grey  crystalline  mass^  easily  dissolved  by  melted  tin  ;  it  may  alio 
be  obtained  by  passing  sulphuretted  hydrogen  through  a  stannou 
salt  in  solution,  when  it  falls  as  a  chooolate-lnrown  hydrate.  It 
is  soluble  in  solution  of  ammonic  disulphide,  and  in  the  sulphidei 
of  the  alkali-metals,  if  they  contain  an  excess  of  sulphur.  Stan- 
nous sulphide  combines  with  the  sulphides  of  the  electionegatife 
metals,  such  as  arsenicum  and  antimony.  Hydrochloric  acid  dk- 
solves  it  with  extrication  of  sulphuretted  hydrogen. 

The  Sesquisulphide  (Sn,S,)  may  be  prepared  by  mixing  stannoiiB  so^Ui 
with  one-third  of  its  weight  of  sulphur,  and  heating  to  dull  redness ;  it  is  fl^f 
partially  soluble  in  hydrochloric  acid. 

Stannic  sulphide,  or  Bisulphide  of  tin  (SnS^  =  182),  ■ 
known  as  mosaic  gold;  it  forms  a  beautiful  yellow  flaky  com* 
pound,  which  is  obtained  by  preparing  an  amalgam  of  I3  pazti 
of  tin  and  6  of  mercury :  this  is  reduced  to  powder  and  mixed 
with  7  parts  of  sublimed  sulphur  and  6  of  sal  ammoniac.  Hie 
mixture  is  introduced  into  a  flask  with  a  long  neck,  and  is  heated 
gently  so  long  as  any  smell  of  sulphuretted  hydrogen  is  percep- 
tible ;  the  temperature  is  then  raised  to  low  redness ;  calomel  and 
cinnabar  are  sublimed,  and  a  scaly  mass  of  stannic  sulph^ 
remains.  If  the  heat  be  pushed  too  far,  part  of  the  sulphur  is 
expelled,  and  the  operation  fails :  the  sal  ammoniac  appears  \fj 
its  volatilization  to  moderate  the  heat  produced  during  the  nil* 
phuration  of  the  tin,  which  would  otherwise  rise  so  high  as  to 
decompose  the  disulphide,  and  it  mechanically  preserves  the 
requisite  flaky  structure  of  the  compound.  Stannic  sulphide  11 
used  in  the  arts  to  imitate  bronze.  Aqua  regia  is  the  only  acid 
that  decomposes  it,  but  it  is  readily  soluble  in  the  alkalies.  A 
hydrated  stannic  sulphide,  of  a  dingy  yellow,  is  produced  by 
passing  sulphuretted  hydrogen  through  a  solution  of  one  of  the 
stannic  salts.  This  hydrate  is  readily  dissolved  by  ammonic 
hydrosulphide,  with  evolution  of  sulphuretted  hydrogen :  it  is  also 
soluble  in  the  alkalies,  and  in  hot  hydrochloric  acid.  With 
disodic  sulphide  it  forms  a  salt  which  may  be  obtained  in  yellow 
crystals,  consisting  of  aNajS,SnSj,iaHjO. 

Stannic  sulphide  fuses  when  chlorine  is  passed  over  it;  6  atoms  of  the  g« 
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•re  abflorbed,  without  the  aid  of  heat,  by  each  atom  of  disulphide,  and  a  yellow 
eryHtalliiie  oompound  Ib  obtained  whioh  may  be  considered  as  a  oombinadon  of 
I  atom  of  stannic  chloride  with  2  atoms  of  sulphur  tetrachloride  ;  SnCl^^aSCU. 

(817)  Chlorides  of  Tin. — ^Tin  forms  with  chlorine  two  com- 
pounds^ SnClj,  and  SnCl^  formerly  termed  the  chloride  and 
bichloride  of  the  metal^  but  now  distinguished  as  stannous  chloride 
and  stannic  chloride. 

Stannous  chloride,  formerly  Protochloride  of  tin  (SnCl^siSp). 
— The  hydrate  of  this  salt  may  be  obtained  by  dissolving  tin  in 
hydrochloric  acid.  This  solution  is  usually  effected  on  the  large 
scale  in  copper  vessels^  since  the  voltaic  opposition  of  the  two 
metals  favours  the  solution  of  the  tin  :  on  evaporating  the  liquid 
till  it  crystallizes^  prismatic  needles  are  formed  (SnCl^yaHjjO ; 
sp.  gr.  2710) ;  by  a  heat  of  loo^  C.  it  may  be  rendered  anhy- 
drous^ but  it  generally  loses  a  portion  of  hydrochloric  acid  at  the 
same  time.  Stannous  chloride  is  decomposed  if  mixed  with  a 
large  quantity  of  water^  hydrochloric  acid  remains  in  solution, 
and  a  white  hydrated  oxychloride  (SnCl^^SnOjiHjjO)  subsides. 
When  exposed  to  the  air^  in  ciystals  or  in  solution,  stannous 
chloride  absorbs  oxygen  and  forms  a  mixture  of  stannic  chloride 
and  oxychloride.  Stannous  chloride  has  a  strong  attraction  both 
for  chlorine  and  for  oxygen ;  it  therefore  acts  as  a  powerful  re- 
ducing agent.  For  example,  it  deoxidizes  completely  the  salts  of 
mercury,  of  silver,  and  of  gold.  Advantage  is  sometimes  taken 
of  this  drcumstanoe  in  the  analytical  determination  of  the  quan- 
tity of  mercury,  since  all  the  salts  of  mercury,  when  boiled  with 
stannous  chloride,  are  decomposed,  and  yield  their  mercury  in  a 
metallic  form.  Sulphurous  acid  is  likewise  deprived  by  it  of  its 
oxygen,  producing  a  yellow  precipitate  of  stannic  sulphide  when 
mixed  with  a  solution  of  the  salt.  Stannous  chloride  reduces  the 
metallic  acids  in  the  salts  of  chromic,  tungstic,  molybdic,  arsenic, 
antimonic,  and  manganic  acids  to  a  lower  state  of  oxidation ;  it 
also  converts  the  ferric  into  ferrous  salts,  and  the  cupric  into 
cupreous  salts.  Stannous  chloride  is  extensively  employed  as  a 
mordant  by  the  dyer  and  calico-printer,  under  the  name  of  salts 
of  tin,  and  they  also  use  it  for  deoxidizing  indigo  and  the  per- 
oxides of  iron  and  manganese.*^     It  forms  double  chlorides  with 


*  The  proportion  of  stannous  chloride  available  for  this  purpose  in  any  com- 
mercial sample  may  be  determined  by  Penny's  method : — ^A  solution  of  a  weighed 
quantity  of  stannous  chloride  in  hydrodblorio  acid  is  taken,  and  a  standard  solu- 
tion of  potassic  anhydro-chromate  (bichromate)  is  added  until  a  drop  of  the 
liquid  when  mixed  with  plumbic  acetate  gives  a  yellow  precipitate,  showing 
that  the  chromic  acid  is  no  longer  reduced :  3SnCl,  4-  Kfirfi^  -f  14HCI  =  38nCl^ 
+  aKCl  +  Cr,a,  +  7H,0. 
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many  of  the  chlorides  of  the  metals  of  the  alkalies  and  alkaline 

earths ;  these  double  salts  are  capable  of  crystallizatioii. 

The  anhydroQB  stannous  chloride,  or  butter  qf  tin,  maj  be  pnxored  bj  d»- 

tilling  a  mixture  of  equal  weights  of  tin  filings  and  corrosive  aablimate ;  HgCSs 

+  Sn  =  SnCl,  +  Hg :  it  remains  behind  as  a  grey  brilliant  mass  with  a  Titreooi 

fracture ;  at  a  full  red  heat  it  may  be  distilled.   On  passing  a  current  of  cUorm 

over  it,  heat  and  light  are  evolved,  and  stannic  chloride  ia  formed. 

(8i8)  Stannic  Chloride^  or  Tetrachloride  of  tin,  tormeAj 
Bichloride  of  tin  (SnCl^=26o) ;  Rel.wi,  130;  Sp.  Gr.  of  vofota^ 
9*2 ;  of  liquid,  !Z-a67  at  32°  (o^  C.) ;  MoL  Vol.  [  \  |;  BoiGmg^ 
^39^*5  (ii5°'3  ^0 — ^^^  compound  may  be  prepared  either  bjr 
passing  dry  chlorine  over  melted  tin,  or  by  mixing  4  parts  of 
corrosive  sublimate  with  i  part  of  tin  filings :  on  the  application 
of  heat  a  colourless  liquid  distils ;  :iHgCl^+  Sn  yielding  SnCl^+ 
2Hg.  It  emits  dense  white  fiimes  when  exposed  to  the  air: 
when  mixed  with  water,  intense  heat  is  evolved^  and  a  hydrate  is 
formed ;  this  compound  crystallizes  in  rhombohedra  (SnC1^5H30; 
Lewy)  when  it  is  allowed  to  form  spontaneously^  by  attracting 
moisture  from  the  air ;  in  vacuo  it  loses  3H2O :  but  though  firedy 
soluble  in  a  small  quantity  of  water,  copious  dilution  causes  the 
precipitation  of  hydratcd  stannic  acid,  and  hydrochloric  acid  is 
set  free.  Stannic  chloride  is  readily  soluble  in  water  acidulated 
with  hydrochloric  acid.  When  its  aqueous  solution  is  mixed  wifb. 
a  solution  of  the  sulphate  of  one  of  the  alkali-metals,  hydrated 
stannic  oxide  is  precipitated;  SnCl^-|-4H20-h4NajSO^  becoming 
Sn03,2H20  +  4NaCl-f-  4NaHS0^  acid  sulphate  of  the  aikali-metal 
remaining  in  solution.  Stannic  chloride  forms  numerous  double 
salts  with  the  soluble  chlorides;  the  compound  with  potasaic 
chloride  crystallizes  in  anhydrous  octohedra,  2KCl,SnC]^;  a 
similar  constitution  holds  in  the  corresponding  ammoniacal  salt 
(2H4NCl,SnClJ,  which  is  the  pink  salt  of  the  dyer.  An  impure 
stannic  chloride  is  largely  used  by  the  dyers  under  the  name  of 
nitromuriate  of  tin,  or  composition ;  it  is  generally  prepareid  by 
dissolving  tin  at  a  gentle  heat  in  a  mixture  of  nitric  acid  and  sal 
ammoniac. 

The  other  salts  of  tin  are  unimportant.  Stannic  sulphate 
(SnsSOJ  is  soluble  in  water  strongly  acidulated  by  sulphuric  acid, 
but  is  precipitated  to  a  large  extent  on  copious  dilution  with  water. 

(819)  Characters  of  the  Salts  or  Tin. — ^Tin  forms  two 
series  of  salts,  the  salts  formed  from  the  protoxide  and  the  salts 
formed  from  the  dioxide :  stannic  chloride  is  the  only  salt  of  the 
latter  class  that  has  been  minutely  examined. 

I. — The  stannous  salts,  or  protosalts  of  tin,  are  nearly  coloiir- 
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less ;  with  the  exception  of  the  chloride^  they  are  not  often  pre- 
pared :  they  have  a  powerfully  astringent  taste ;  when  in  solution 
they  absorb  oxygen  rapidly  from  the  air;  when  largely  diluted 
with  water  the  solution  becomes  milky^  but  it  is  rendered  clear  by 
a  small  excess  of  hydrochloric  acid.  The  hydrates  of  the  fixed 
alkaUes  produce  a  white  precipitate  of  hydrated  stannous  oxide, 
which  is  soluble  in  excess  of  the  alkali^  but  on  boiling,  part  of  the 
oxide  is  deposited  as  a  black  crystalline  powder.  Ammonia  gives 
a  white  hydrated  stannous  oxide,  but  the  precipitate  is  not  redis- 
solved  by  an  excess  of  ammonia.  The  carbonates  of  the  alkalu 
metals  give  a  similar  precipitate,  whilst  carbonic  anhydride  escapes 
with  effervescence.  A  very  characteristic  reaction  is  the  produc- 
tion, with  sulphuretted  hydrogen,  of  a  chocolate-brown  precipitate 
of  hydrated  stannous  sulphide.  With  ammonic  hydrosulphide 
a  similar  precipitate  is  formed,  which  is  soluble  in  excess  of  the 
precipitant  and  in  the  sulphides  of  the  alkali-metals.  With  a 
dilute  solution  of  auric  chloride,  they  give,  if  used  in  excess,  a 
brown  precipitate  of  reduced  gold ;  in  smaller  quantity,  they  yield 
a  beautiful  purple  precipitate,  the  purple  of  Cassius.  Potassic 
ferrocyanide  gives  a  white  precipitate,  soluble  in  hydrochloric  acid. 

2. — ^The  stannic  salts*  are  found  to  give  with  the  caustic 
alkalies  a  white  precipitate,  soluble  in  excess  of  the  alkalies,  and 
this  solution  yields  no  precipitate  when  it  is  boiled.  Carbonates 
of  the  alkali-metals  give  a  white  hydrated  dioxide  with  escape  of 
carbonic  anhydride :  the  precipitate  is  insoluble  in  excess  of  the 
alkaline  salt.  Sulphuretted  hydrogen  and  ammonic  hydrosulphide 
both  produce  a  dirty  yellow  precipitate  of  hydrated  stannic  sul- 
phide, which  is  soluble  in  excess  of  the  precipitant,  as  well  as  in 
the  sulphides  of  the  alkali-metals,  and  in  the  caustic  alkalies. 

All  the  compounds  of  tin  before  the  blowpipe,  in  the  reducing 
flame  on  charcoal,  give  with  sodic  carbonate  white  malleable 
globules  of  the  reduced  metal. 

(820)  Estimation  of  Tin,  and  Separation  from  the  foregoing 
Metals. — ^Tin  is  estimated  in  the  form  of  the  anhydrous  dioxide ; 
100  parts  of  which  contain  78*66  of  the  metal. 

The  separation  of  tin  from  all  the  metals  hitherto  described, 
with  the  exception  of  cadmium,  is  effected  by  means  of  sulphuretted 
hydrogen,  which  precipitates  none  of  these  metals  from  their  solu- 
tions in  the  mineral  acids.  The  mixed  sulphides  of  tin  and  cad- 
mium may  be  at  once  evaporated  to  dryness  with  nitric  acid :  on 
treating  the  residue  with  water,  cadmic  nitrate  will  be  dissolved. 


*  The  presence  of  tartaric  acid  in  some  cases  interferei  with  ihfise  reactiopa. 
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and  the  insoluble  metastannic  add  will  remain.  The  enimt 
sulphide  is  also  easily  separated  from  the  snlphidea  of  tin  lif 
ammonic  disulphide^  which  dissolves  the  sulphides  of  tin  aal 
leaves  the  cadmic  sulphide.  Both  the  sulphides  of  tin,  hf 
ignition  in  a  current  of  air,  are  gradually  converted  into  the 
stannic  oxide :  this  change  may  be  accelerated  by  moistemug 
them  with  nitric  acid. 

Tin  may  also  be  separated  from  all  metals  with  the  ezoepdoi 
of  antimony,  arsenicum  (and  lead  if  sulphuric  acid  be  present),  bf 
evaporating  the  solution  nearly  to  dryness  with  iiitric  acid,  lod 
washing  the  residue  with  water  strongly  acidulated  with  nitrie 
acid.  The  tin  remains  as  metastannic  acid,  and  by  ignition  fv- 
nishes  the  anhydrous  dioxide. 

§  II.  Titanium  :  (Ti=5o).     Tetrad,  as  in  TiCl^. 

(8ai)  Titanium  is  a  comparatively  rare  metal,  which  pieMnti 
considerable  analogy  with  tin.  It  was  discovered  by  Qregar  na 
constituent  of  menaccanite,  in  the  year  1791.  Its  principal  oni 
are  titaniferous  iron,  and  rutile,  anatase,  and  brookite,  which  aie 
three  different  forms  of  titanic  anhydride,  coloured  by  variabk 
quantities  of  the  oxides  of  iron,  manganese,  and  chrominm. 
Many  clays  also  contain  small  quantities  of  titanic  acid.  Wben, 
titanic  anhydride  is  intensely  heated  with  charcoal,  it  is  xednoed, 
but  is  not  fused.  A  remarkable  compound  of  the  metal  is  fre- 
quently found,  in  the  form  of  copper-coloured  cubic  crystals,  ad- 
hering to  the  slags  of  the  Welsh  and  other  iron  furnaces.  Tlieie 
crystals  are  hard  enough  to  scratch  agate ;  they  have  a  spedfie 
gravity  of  5*3.  No  acid,  except  a  mixture  of  nitric  and  hydro- 
fluoric acids,  has  any  action  upon  them,  but  they  are  oxidized  bf 
fusion  with  nitre,  or  by  ignition  in  a  current  of  oxygen :  they  aie 
volatile  at  an  extremely  high  temperature.  These  crystals  wen 
supposed  by  Wollaston  to  be  metallic  titanium,  but  Wohler  showed 
that  they  consist  of  a  combination  of  cyanide  with  nitride  of 
titanium ;  they  contain  18  per  cent,  of  nitrogen,  and  4  of  carbon, 
having  a  formula  (TiCyj23Ti3N2).  Another  nitride  of  the  metal 
(TijNJ,  also  formerly  mistaken  for  metallic  titanium,  thoogh 
containing  28  per  cent,  of  nitrogen,  is  procured  in  copper-coloured 
scales  by  igniting  the  ammoniated  titanic  chloride  (4H3N,TiCl|) 
in  closed  vessels,  in  a  current  of  ammonia.*     If  a  current  of  diy 


*  Ammoniated  columbio  chloride  yields  a  similar  nitride  when  treated  in  lib 
manner :  the  same  remark  applien  alao  to  the  oorreeponding  molybdio  oompoond. 
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ammoniacal  gas  be  transmitted  over  powdered  titanic  anhydride, 
heated  to  redness  in  a  porcelain  tnbe^  a  violet-coloured  titanium 
dinitride  (TiN^)  ia  formed.  So  strongs  indeed,  is  the  attraction  of 
titanium  for  nitrogen  at  a  high  temperature,  that  if  a  mixture 
of  titanic  anhydride  and  charcoal,  both  in  a  minute  state  of  divi- 
sion, be  heated  to  whiteness,  and  submitted  to  a  current  of 
nitrogen,  the  whole  of  the  nitrogen  is  absorbed  rapidly,  while 
carbonic  oxide  escapes,  and  copper-coloured  crystals,  having  the 
flame  composition  as  those  obtained  from  the  blast-furnace,  are 
formed  (Deville  and  Wohler). 

Pore  titanium  may  be  obtained  by  decomposing  potauio  fluotitanate 
(iKF.TiFJ  with  potassium,  in  a  tube  filled  with  pare  hydrogen,  and  through 
which  a  current  of  pure  hydrogen  is  maintained.  It  then  forms  a  grej,  amor- 
phous powder,  whioh  buma  in  air  with  scintillation,  and  deflagrates  in  oxygen 
with  dazzling  brilliancy.  Chlorine  at  ordinary  temperature  does  not  kindle 
titanium ;  but  if  heated  in  chlorine  the  metal  bums  with  almost  as  much  splen* 
doar  as  in  oxygen.  Titanium  may  also  be  obtained  in  prismatic  crystals  by 
heating  sodium  in  the  vapour  of  titanic  chloride.  It  is  soluble  in  hydrochloric 
add  with  evolution  of  hydtogen,  forming  a  colourless  solution,  from  which  am- 
monia precipitates  a  black  hydrated  piotoaide. 

(822)  Three  oxii>es  of  titanium  probably  exist — ^the  prot- 
oxide,  the  sesquioxide,  and  the  dioxide,  or  titanic  anhydride. 

The  protoxide  (TiO=^  66)  has  not  been  obtained  in  a  pure  state.  It  appears 
to  be  formed  when  titanic  anhydride  is  heated  in  a  crucible  lined  with  charcoal : 
bat  where  the  anhydride  is  actually  in  contact  with  the  charcoal,  a  film  of 
metallic  titanium,  mixed  with  a  portion  of  nitride,  is  obtained.  The  protoxide 
ia  a  black  powder  nearly  insoluble  in  acids,  and  is  graduaUy  oxidized  by  exposure 
to  a  high  temperature  in  air,  or  by  fusion  with  nitre. 

If  a  solution  of  titanic  acid  in  hydrochloric  acid  be  digested  with  zinc,  a 
purple,  hydrated  sesquioxide  (TijO^.  x  Ufi),  or  titanous  titanate  (TiO.TiO,)  is 
deposited,  which  absorbs  oxygen  from  the  air  with  gpreat  rapidity,  becoming 
white  from  the  formation  of  titanic  acid.  Hydrochloric  acid  dissolves  it  sparingly, 
and  forms  a  blue  solution. 

Titanic  anhydride,  or  Titanic  dioande  (TiO,=8a). — This  com- 
pound occurs  in  menaccanite  and  iserine  as  ferrous  titanate ;  but 
more  commonly  it  is  met  with  in  the  uncombined  condition, 
constituting  the  principal  ore  of  the  metal.  It  is  found  native 
under  three  distinct  crystalline  forms,  each  of  which  has  a  dif- 
ferent specific  gravity.  Of  these,  the  densest  and  most  abundant 
is  rutile  (sp.  gr.  4*25),  it  occurs  in  long  striated  prisms  or  needles 
of  a  brown  colour,  isomorphous  with  those  of  tin-stone.  The 
second  variety,  brookite  (sp.  gr.  4*13),  is  found  in  right  rhombic 
prisms,  sometimes  opaque>  at  others  transparent,  and  of  a  pale 
brown;  whilst  the  third  variety,  anatase  (sp.  gr.  3*9),  is  found  in 
Dauphiny,  in  acute  octohedra  which  are  semi-transparent,  and  of 
a  yellowish-brown  or  blue  colour.  Corresponding  differences  are 
observed  in  the  titanic  dioxide  artificially  prepared  in  the  labora- 
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tory.  Ebelmen  obtained  needle-shaped  transparent  yellow  crjftik 
ofrutile  of  sp.  gr.  4283  by  prolonged  heating  in  a  porcelain  kih, 
of  a  mixture  of  i  part  of  powdered  titanic  dioxide  and  5  ptrti 
microcosmic  salt.  Like  stannic  oxide^  it  may,  when  hjdratedi 
be  obtained  in  two  isomeric  forms  possessed  of  different  proper* 
ties.  In  fact,  the  existence  of  two  dissimilar  modifications  is  t 
very  usual  occurrence  in  the  case  of  metallic  oxides  possessed  of 
feeble  acid  powers. 

Pure  titanic  dioxide  may  be  obtained  by  redacing  mtile,  or 
titanic  iron-sand  to  a  fine  powder,  and  fusing  it  with  thrice  iti 
weight  of  potassic  carbonate.  On  treating  the  mass  with  hot 
water,  an  impure  hydropotassic  titanate  remains.  It  isdisaidved 
in  hydrochloric  acid,  next  mixed  with  an  excess  of  ammonia,  and 
the  precipitate  is  digested  in  ammonic  hydrosnlphide,  by  whick 
the  tin,  iron,  and  manganese  are  converted  into  sulphides,  wbikft 
the  titanic  acid  remains  imchanged :  a  solution  of  snlphuroas  acid 
then  dissolves  the  sulpliides,  and  a  pure  white  hydrated  titank 
acid  is  left.  The  water  may  be  expelled  by  heat,  and  by  long- 
continued  ignition  the  colour  of  the  compound  deepens,  its  specific 
gravity  increasing  till  it  acquires  a  density  equal  to  that  of  mtile. 
In  this  state  it  is  insoluble  either  in  solutions  of  the  alkalies,  or 
in  acids,  except  hydrofluoric  acid  and  boiling  oil  of  vitrioL 

This  anhydride  may,  however,  be  brought  into  solution  hj 
heating  it  with  a  fixed  alkaline  carbonate,  and  dissolving  tk 
residue  with  cold  hydrochloric  acid ;  the  titanic  acid  may  be  pr^ 
cipitated  by  means  of  ammonic  sesquicarbonate :  it  then  fiunni 
a  white  gelatinous  hydrate,  which  dries  into  a  semi-transpsient 
mass  capable  of  reddening  litmus.  The  liquid  long  remaim 
turbid ;  it  cannot  be  rendered  clear  by  filtration,  unless  an  exceii 
of  some  ammoniacal  salt  be  present.  Hydrated  titanic  add  ii 
insoluble  in  solutions  of  the  caustic  alkalies,  but  it  yields  definite 
salts  with  them.  When  fused  with  caustic  potash  it  forms  a 
transparent  yellowish  glass.  The  hydrated  titanic  acid  is  sdaUe 
in  diluted  hydrochloric  acid;  it  is  also  dissolved  by  sulphuric 
acid,  and  forms  a  definite  sulphate  (Ti02,SOs),  which  may  be 
evaporated  to  dryness  at  a  low  temperature  without  undeigmng 
decomposition.  Both  these  acid  solutions  when  diluted  are  de- 
composed by  prolonged  boiling,  and  the  insoluble  variety  of  titsoic 
acid  is  precipitated.  When  the  soluble  hydrate  is  heated,  it 
loses  water  and  becomes  converted  into  the  anhydride.  Hut 
compound  becomes  yellow  on  ignition,  but  recovers  its  whiteneM 
on  cooling.  When  fused  with  hydropotassic  sulphate,  titanic  an- 
hydride is  dissolved,  and  may  be  obtained  in  solution  by  adding 
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water;  it  may  thus  be  distinguished  and  separated  from  silica^ 
which  is  not  rendered  soluble  by  this  means. 

(823)  Titanic  sulphide  (TiS,)  may  be  obtained  in  gpreen  Males;  it  is  not 
loluble  in  the  sulphides  of  the  alkali-inetals. 

Tetanic  chloride,  or  Tetrachloride  of  titanium,  TiCl^=  192  ;  Sel.  wt.  96; 
8p.  Or.  qfvafour,  6-836 ;  qf  liquid,  V/Ci  at  o^C;  Mol,  Vol.  I  !  I ;  Boiling^ 
pL  275°  (135"  C). — This  is  a  faming  volatile  liquid,  resembling  stannic  chloride. 
It  may  be  obtained  by  decomposing  pure  titanic  anhydride,  intimately  mixed 
with  charcoal,  and  heated  to  redness  in  a  porcelain  tube,  by  means  of  a  current 
of  dry  chlorine  gas.  It  is  a  colourless  liquid,  which  combines  with  a  small  quan- 
tity of  water  to  form  a  crystallizable  compound.  A  large  quantity  of  water  occa- 
sions its  decomposition,  hydrated  titanic  acid  being  separated.  Deville  obtained 
square  prisms  of  metallic  titanium  by  decomposing  the  vapour  of  the  tetrachloride 
with  sodium. 

(824)  Characters  of  the  Compounds  of  Titanium. — i. — ^The 
iiianous  salts  are  but  little  known ;  with  the  carbonates  of  the 
atkaU-metals  they  give  a  blue  precipitate^  which  becomes  first 
brown  and  ultimately  green. 

2. — ^The  tUanates  of  the  alkali-metals  are  of  a  yellowish-white 
colour :  the  normal  salts  are  insoluble  in  cold  water ;  hot  water 
removes  the  alkali^  while  most  of  the  titanic  acid  remains  undis- 
solved. Cold  hydrochloric  acid  dissolves  them,  forming  a  solu- 
tion which,  when  boiled,  becomes  turbid  firom  deposition  of  titanic 
acid :  ammonia ,  when  added  to  this  solution,  produces  a  white 
precipitate.  Ammonic  phosphate  gives  a  gelatinous  precipitate 
when  added  to  a  hydrochloric  solution  of  titanic  acid.  Ii\fusion  of 
galls  produces  an  orange-coloured  precipitate  in  the  acid  solution 
of  the  titanates ;  a  precipitate  of  similar  colour  is  produced  by 
potassic  ferrocyanide.  In  the  reducing  flame  of  the  blowpipe  the 
titanates  give  with  microcosmic  salt  a  beautiful  purple  or  bluish 
glass,  which  becomes  colourless  in  the  oxidizing  flame.  This  re- 
action distinguishes  the  titanates  firom  the  tantalates. 

(825)  Estimaiion  qf  Titanium. — ^Titanium  is  always  estimated  in  the  form, 
of  titanic  anhydride.  Its  solution  in  cold  hydrochloric  acid  is  not  precipitated 
by  sulphuretted  hydrogen,  a  circumstance  which  may  be  taken  advantage  of  in 
separating  it  fit>m  tin  and  cadmium,  both  of  which  are  thrown  down  from  the 
add  as  insoluble  sulphides.  The  solution  is  next  mixed  with  tartaric  acid,  and 
supersaturated  with  ammonic  hydro-sulphide :  iron,  nickel,  cobalt,  manganese^, 
and  zinc  are  thus  separated  in  the  form  of  sulphides.  The  solution  is  aflerwardsi 
evaporated  to  dryness,  and  the  tartaric  acid  is  burned  off;  titanic  anhydride  is 
left,  mixed  with  the  salts  of  the  earths  and  slkalies  contained  in  the  mixture ; 
the  residue  is  fused  with  caustic  potash,  redissolved  in  the  cold  with  hydrochlorie 
acid,  and  on  boiling  the  liquid,  to  which  a  little  diluted  sulphuric  acid  has  been 
added,  the  titanic  acid  is  precipitated,  collected,  and  converted  into  the  anhydrous 
dioxide  by  ignition.  This  process,  however,  does  not  yield  very  accurate  results  1 
indeed  the  exact  determination  of  the  quantity  of  titanium  in  its  compounds  is  a 
matter  of  considerable  difficulty. 

II.  T  T 
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§  III.  Zirconium  and  Thorinum. 

(835a)  Zirconium  (Zr^^  =  ^9*5)  i^^the  elementary  base-  of  an  ozida  contiinrf 
in  the  zircon  and  the  hyacinth,  which  are  ziroonic  silicates  of  similar  oompoAiot 
(ZrO,^iO,).  The  metal  ia  procured  bj  heating  the  potaasio  fluosiroonate  (aKF^FJ 
with  potassium,  and  treating  the  residue  when  cold  with  diluted  hydrochloric  aa( 
by  which  everything  except  the  zirconium  is  dissolved:  it  is  thus  lieft  in  a  polvcnlat 
form,  and  must  be  washed,  first  with  a  solution  of  ammonio'  chloride,  and  tiss 
with  alcohol ;  if  water  be  used  for  the  washing,,  the  finely  divided  zircGniam  piiM 
through  the  filter  in  suspension  in  the  water.  As  tiius  ebtuncd  it  is  io  tk 
form  of  a  black  amorphous  powder,  which  does  not  conduct  a  feeble  Toltaie  on^ 
rent :  under  the  burnisher  it  assumes  a  slightly  metallic  loatre :  when  heated  it 
the  air  or  in  oxygen,  it  t^es  fire  below  rednesss  and.  bums  brilliantly,  finuDg 
ziroonia  of  snowy  whiteness :  diluted  sulphuric  and  hydrochloric  acids  do  not  ad 
on  it  Hydrofluoric  acid  dissolves  it  with  extrication  of  hydrogen,  fomiiiig  a 
fluoride  closely  resembling  fluotitanic  acid ;  it  yields  a  number  of  floosirooiiitei 
with  the  fluorides  of  the  basylous  metals,  which  haye  the  general  fbrnik 
aMF,ZrF^.  Boiling  water  gradually  oxidizes  amorphous  zirconium ;  if  hatd 
with  sulphur  in  vacuo  it  forms  a  brown  pulverulent  disulpkide,  which  is  aot 
decomposed  by  sulphiuric  or  hydrochloric  acid,  and  is  but  slowlj  attsdted  bf 
aqua  regia.  According  to  Troost  {Comptes  Rendus,  Ixi.  109)  rireoninm  wkj 
also  be  obtained  in  crystalline  plates  of  sp.  gr.  4*15  ;  it  is  less  fusiUe  than  m&' 
oon.  In  this  form  it  may  be  heated  in  air  without  taking  fire,  hub  bums  in  Ik 
oxyhydrogen  flame.  Caustic  potash  when  melted  with  it  ezidizes  the  crjiAik 
with  evolution  of  hydrogen.  Melted  nitre  and  potassic  chlorate  do  not  act  1^ 
it  Concentrated  nitric  and  sulphuric  acid  aot  on  zirconium  very  slowly,  andoslf 
when  heated  with  it ;  hot  hydrochloric  acid  also  attacks  it  very  slowly.  A^ 
legia  when  heated  acts  rapidly  on  it ;  but  hydrofluoric  acid  whether  stroog  cr 
dilute  dissolves  it  rapidly,  even  in  the  cold,  Troost  obtained  this  crystalliHd 
zirconium  by  heating  i  part  of  potassic  fluozirconate  (2KF*,ZrF^)  with  i^  ah- 
minum  in  a  crucible  of  gas  coke  heated  to  the  fusing-point  of  iron :  pktes  of 
zirconium  are  formed  sometimes  a  centimetre  broad,  and  may  he  fireed  froa 
aluminum  by  digestion  in  hydrochloric  acid  diluted  with  twioe  its  bulk  of  water. 
The  zirconium  is  mixed  with  plates  of  an  alloy  of  aluminum  with  zirconium,  tbe 
proportions  of  which  are  variable.  Zirconium  is  intermediate  in  propertieB  be* 
tween  silicon  and  titanium,  to  which  latter  body  it  is  more  allied  than  to  asy 
other  element,  as  is  particularly  seen  in  the  properties  of  the  airconic  tetFaflnD- 
ride,  and  of  the  fluoziiconates. 

(8256)  ZiBCONiA  (ZrO,=  121*5);  Sp,  GrT,  4*3. — Zirconium  forms  but  out 
oxide,  which  Berzelius  regarded  as  the  sesquioxide,  though  most  chemisti  nov 
adopt  the  view  of  Dumas  and  of  De  Marignac,  who  consider  it  to  be  a  dioxide, 
like  silica.  It  may  be  obtained  by  fusing  very  finely  powdered  zircon  with 
potassic  or  sodic  hydrate,  and  saturating  with  hydrochloric  acid.  The  ezccH  of 
acid  and  moisture  is  expelled  by  evaporating  nearly  to  dryness  ;  on  the  additioD 
of  water,  the  zirconic  chloride  is  dissolved,  leaving  the  silica ;  the  solution  is  de- 
composed by  excess  of  ammonia :  hydrated  zirconia  is  thus  precipitated  and  is 
washed  and  ignited.  Upon  applying  heat,  it  glows  brilliantly  jpst  before  igni- 
tion, and  becomes  much  denser.  Zirconia  forms  a  while  infhsible  powder,  wludi, 
after  ignition,  is  insoluble  in  acids,  with  the  exoeptioui  of  stnong  sulphuric  and. 
The  hydrate  is  a  gelatinous,  bulky,  white  precipitate}  veny  glaringly  soluble  is 
ammonio  sesquicarbonate.  It  is  insokiblein  the  caustic  alkalies.  If  the  salts  of 
xiroonium  be  precipitated  by  an  alkaline^  carbonate,  the  precipitate  becomes  ni» 
solved  if  agitated  with  excess  of  the  carbonate ;  a  bicarbonate  takes  up  still  moiSp 
and  by  boiling  the  solution,  a  portion  of  zirconia  is  deposited.     Ziroonia 
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fiued  with  the  carhonates  of  the  alkali-metahi  deoompoees  them,  CO,  heinjB^ 
evolved,  and  a  compound  of  zirconia  with  the  alkali  is  fonned.  If  a  neutral 
lolution  of  zirconic  sulphate  to  which  potassic  sulphate  has  heen  added  he  hoiled, 
a  characteristic  decomposition  occurs,  and  a  hasic  sulphate  of  zirconium  falls, 
whilst  hjdropotassic  sulphate  is  formed  and  remains  dissolved.  Zirconic  chloride 
(ZrCl^  =  1 86-8 ;  MoL  Vol  m ;  Bel.  tot  1 1 57 ;  Sp.  Gr.  tf  vapour,  815)  crys- 
tallizes in  needles :  it  is  solnhle  in  water  and  in  alcohol ;  the  crystals  effloresce  in  the 
air,  and  lose  water  and  hydrochloric  acid,  leaving  an  ozychloride,  which  is  soluhle. 
Ziroonia  is  distinguished  from  alumina  and  glucina  hy  its  insolubility  in  the 
caustic  alkalies.  Its  salts  have  a  purely  astringent  taste ;  when  their  neutral 
•olutions  are  boiled  with  one  of  poiaseie  eulphaie,  a  sparingly  soluble  subsul* 
phate  of  the  earth  is  formed.  Tincture  qf  galU  gives  a  yellow  precipitate  in 
their  solutions;  potassic  ferrocyanide  does  not  produce  a  precipitate  with  them. 

(826)  Thobinum  (Th=  238*0)  was-  discovered  in  182^  by  Berzelius,  in  a 
rare  black  mineral  termed  thorite^  found  in  a  syenitio  rock  in  Norway.  This 
metal,  like  aluminum,  is  procured  from  its  chloride,  which  is  a  volatile  compound 
obtained  by  heating  an  intimate  mixture  of  thorina  and  finely  divided  charcoal 
in  a  current  of  dry  chlorine.  Thorinum  much  resembles  zirconium,  but  takes 
fire  considerably  below  redness,  and  burns  with  great  brilliancy ;  the  resulting 
oxide  shows  no  traces  of  fusion.  Thorina  is  probably  a  dioxide,  and  is 
remarkable  for  its*  high  specific  gravity  (9*402).  It  is  insoluble  in  solutions 
of  the  caustic  alkalies,  but  is  dissolved  without  difficulty  in  those  of  their  car- 
bonates. After  it  has  heen  ignited  it  ia  no  longer  soluble  in  any  acid  except  the 
oonoentrated  sulphuric.  Its  salts  have  an  astringent  taste,  and  tbeir  solutions 
give  a  white  precipitate  with  potassic  ferrocyanide.  Thorinic  sulphate  forms 
with  potassic  sulphate  thorino-potassio  sulphate  (2K^S0^Th2S0^H,0),  which  is 
soluble  in  water,  but  is  precipitated  by  a  saturated  solution  of  potassic  sulphate. 
Thorinic  sulphate  exhibits  the  characteristic  peculiarity  »f  being,  precipitated  by 
boiling  its  solution,  but  it  is  redissolved  slowly  on  cooling  :  its  crystals,  like  those 
of  yttric  sulphate,  when  heated  become  milk  white  without  altering  in  form : 
oxalic  acid  gives,  with  salts  of  thorinum,  even  in  acid  solutions,  a  white  insoluble 
oxalate  of  the  metaL 

§  IV.  Molybdenum:  (Mo=96).     Sp.  Gr.  from  8'6i5to  S'6^6; 
Dyad,  Tetrad,  and  Hexad,  as  in  Uo'V\;  Mo*Tl^;  Mo'^Oj. 

(827)  The  principal  ore  of  molyMenum  is  the  disulphide,  a 
mineral  which  occuira  chiefly  in  Bohemia  and  in  Sweden^  in  ap- 
pearance mnch  resembling  plumbago,  and  hence  its  name,  from 
fioXvfiBaiva,  '  a  mass  of  lead.'  Molybdenum  is  also  occasionally 
found  oxidized,  in  combination  with  lead,  as  plumbic  molybdate. 
The  metal  may  be  obtained  by  roasting  the  pure  native  sulphide 
in  a  free  current  of  air;  the  sulphur  passes  off  as  sulphurous 
anhydride,  whilst  the  molybdenum  also  combines  with  oxygen, 
and  remains  behind  in  the  form  of  molybdic  anhydride.  If  this 
be  mixed  into  a  paste  with  oil<  and  charcoal,  and  exposed  to  the 
heat  of  a  smith's  forge,  in  a  crucible  lined  with  charcoal,  it  is 
reduced  to  the  metallic  state.  In  this  form  molybdenum  is  white, 
brittle,  and  very  difficult  of  fusion.  The  anhydride  may  also  be 
leduced  by  heating  it  to  redness  in  a  porcelain  tube  in  a  current 
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of  hydrogen :  when  the  pulverulent  metal  is  heated  in  the  opn 
air  it  is  gradually  oxidized^  and  finally  converted  into  mdybdie 
anhydride.  It  is  readily  oxidized  by  nitric  acid  ;  if  the  metal  be 
in  excess^  a  soluble  nitrate  of  the  dioxide  is  obtained ;  if  die 
acid  predominate,  the  oxidation  proceeds  further^  and  molyUie 
acid  is  formed :  aqua  regia  produces  similar  results.  Molybdenum 
is  also  oxidized  when  fused  with  nitre^  and  potassic  molybdate  ii 
produced. 

(828)  Oxides  of  Molybdenum. — ^Molybdenum  forms  three 
oxides;  the  protoxide  (MoO  ?),  and  the  dioxide  (MoO^J  are  bodi 
possessed  of  basic  characters :  the  third  (MoO^  reacts  enei^eticaDj 

upon  bases,  and  yields  well  characterized  salts. 

The  protoxide  (MoO  =  1 1 2  P)  is  precipitated  from  the  solution  of  a  moljrV 
date  in  hydrochloric  acid  which  has  been  reduced  by  means  of  a  bar  of  zinc,  m 
adding  ammonia  in  excess ;  it  is  thus  thrown  down  as  a  black  hydrate  whiflk 
absorbs  oxygen  from  the  air:  it  is  soluble  in  a  solution  of  ammonie  asiqii- 
carbonate,  but  not  in  those  of  the  fixed  alkalies  or  their  carbonates.  It  may  iki 
be  obtained  in  the  anhydrous  form,  by  digesting  molybdic  anhydride  with  ne 
and  hydrochloric  acid.  According  to  Rammelsberg  this  oxide  ia  a  Beaqpaaak, 
and  he  doubts  the  existence  of  a  protoxide. 

The  dioxide  (MoO,  =  128)  may  be  prepared  by  igniting  a  mixture  of  2  pnfi 
of  sodic  molybdate  and  i  part  of  sal  ammoniac,  and  digesting  the  mass  is  i 
solution  of  potash,  to  remove  any  undecoroposed  molybdic  acid.  The  rendM^ 
when  well  washed,  is  the  pure  anhydrous  oxide,  which  has  been  reduced  fam 
molybdic  acid  by  the  hydrogen  of  the  ammonia.  It  is  of  a  dark  brown  oolov, 
but  it  becomes  purple  if  exposed  to  solar  light ;  it  is  nearly  insoluble  in  aadi. 
The  hydrated  dioxide  may  be  obtained  by  digesting  molybdic  anhydride  misBd 
with  copper  filings,  in  hydrochloric  acid ;  an  excess  of  ammonia  precipitates  the 
dioxide  of  a  rusty-brown  colour,  whilst  the  copper  is  retained  in  solution.  Hy- 
drated molybdic  dioxide  is  soluble  in  pure  water,  but  is  precipitated  by  the  adfi* 
tion  of  any  salt.  The  solution  gelatinizes  on  keeping.  The  salta  whidi  thii 
oxide  forms  with  acids  are  of  a  reddish-brown  colour,  or,  if  anhydrous,  are  neirij 
black. 

If  a  solution  of  molybdic  tetrachloride  (MoCl^)  be  added,  drop  by  dnep,  to  i 
ooncentrated  solution  of  the  acid-molybdate  of  ammonium,  a  deep  blue  predpitits 
of  molybdic  tetramolybdate  (MoO,,4MoO,)  is  formed.  This  compound  is  sohfaii 
in  water,  but  is  precipitated  by  the  addition  of  any  saline  body.  The  additioo 
of  a  small  quantity  of  a  stannous  salt  to  a  soluble  molybdate  reduces  the  molylh 
die  acid,  and  produces  this  beautiful  blue  compound,  which  may  serve  as  a  teit 
of  the  presence  of  molybdic  acid  :  care  must  be  taken  not  to  add  the  tin  adt  in 
excess.     The  molybdic  dimolybdate  (MoO,,2MoO,)  has  a  green  colour. 

(829)  Molybdic  trioxide,  or  Molybdic  anhydride  (Mo03  =  i44); 
Sp.  Gr.  3*49 ;  Camp,  in  100  parts,  Mo,  66'6 ;  O,  33'4. — ^Hiii 
compound  is  obtained  in  the  form  of  an  impure  trioxide  by  rosst- 
ing  the  native  molybdic  disulphide  at  a  low  red  heat :  it  r^nsim 
behind  as  a  dirty  yellow  powder ;  caustic  ammonia  dissolves  the 
trioxide,  leaving  ferric  oxide  and  other  impurities.  The  ammo- 
niacal  solution  crystallizes  on  evaporation,  and  by  a  low  red  heat 
the  ammonia  is  expelled^  leaving  the   trioxide  behind,  of  a  pale 
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huff  colour.  The  trioxide  reddens  moistened  litmns-paper^  and 
is  sparingly  soluble  in  water^  forming  a  yellow  solution.  At  a 
red  heat  it  fuses  to  a  straw-coloured  glass  of  sp.  gr.  3*49 :  it 
undergoes  volatilization  in  open  vessels^  and  is  deposited  on  cool 
surfaces  in  brilliant  transparent  needles.  No  definite  hydrated 
molybdic  acid  is  known.  When  precipitated  from  its  salts  by 
the  addition  of  an  add^  it  may  be  redissolved^  if  the  acid  be 
added  in  excess :  with  concentrated  sulphuric  acid  it  forms  a 
yellow  solution.  It  is  also  freely  soluble  in  a  solution  of  cream 
of  tartar. 

Molybdic  acid  forms  well  characterized  salts,  both  normal  and  acid.  Those 
of  the  alkalies  are  soluble.  Normal  or  diammonie  molybdaie  crystallizes  in 
ooloarless  square  prisms.  An  acid  ammonic  moUfhdaie  [(H^N)^H^MoOJ,  crys- 
tallizes readily  in  six-sided  prisms.  Varioos  anhydro-molybdates  of  the  alkalies 
have  been  formed,  which  contain  as  many  as  3,  4,  and  even  5  atoms  of  the 
snhydride  to  i  of  fixed  base.  According  to  Delafontaine  the  solable  acid  roolyb- 
dates  have  a  general  formula,  3M',0,7MoO,.  Flambic  molybdate  (PbMoOJ 
oocors  native  in  crystals  of  a  yellow  colonr ;  it  is  solable  in  nitric  acid,  and  in 
solution  of  caustic  potash  if  the  alkali  be  in  large  excess. 

A  solution  of  ammonic  molybdate  may  be  advantageously 
employed  in  certain  cases  to  detect  the  presence  of  very  small 
quantities  of  phosphoric  acid  in  solution.  The  solution  suspected 
to  contain  the  phosphate  must  be  acidulated  with  nitric  acid^ 
and  the  molybdate  then  added.  The  liquid  becomes  yellow^  and 
on  boilings  deposits  a  yellow  crystalline  precipitate^  consisting  of 
molybdic  and  phosphoric  acids  in  combination  with  ammonia. 
According  to  Sonnenschein  it  contains  6747  per  cent,  of  am- 
monia^ and  about  3  per  cent,  of  P^O^.  Arsenic  acid  forms  a 
similar  compoimd  with  ammonic  molybdate  when  the  solutions 
are  boiled. 

Sonnenschein  takes  advantage  of  the  insolubility  of  the  phos- 
phoric compound  to  detect  small  quantities  of  ammonia  by  its 
means.  In  order  to  prepare  the  test  solution,  he  first  procures 
the  yellow  precipitate^  by  adding  ammonic  molybdate  to  an 
acidulated  solution  of  hydrodisodic  phosphate,  ignites  the  preci- 
pitate to  expel  the  ammonia,  adds  nitric  acid  to  the  residue,  in 
order  completely  to  reoxidize  any  reduced  molybdic  acid, 
evaporates  to  dryness,  and  expels  the  nitric  acid  by  ignition.  A 
solution  of  sodic  carbonate  is  employed  to  dissolve  the  remaining 
mixture  of  phosphoric  and  molybdic  acids,  and  the  solution  is 
supersaturated  with  hydrochloric  acid.  This  liquid,  it  is  stated, 
will  easily  detect  the  presence  of  i  part  of  sal  ammoniac  in 
10,000  of  water.  Sodic  salts  are  not  affected  by  it,  but  strong 
solutions  of  the  potassic  salts  yield  a  similar  yellow  precipitate. 
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(830)  Sulphides  of  Molybdenum.  —  Three  amlphidet  cl 
molybdenum  are  known,  MoS^p  MoS,,  and  MoS^  :  the  last  two 
are  sulphur-anhydrides. 

Molybdic  disulphidt,  or  Bisulphide  of  molybdenum  (MoS,s 
160 ;  Sp.  Gr.  4*6) ;  Comp.  in  100  parts^  Mo,  60 ;  S,  40.— 
This  sulphide  is  the  principal  ore  of  the  metal :  it  is  a  toft 
solid  of  a  leaden-grey  colour  and  metallic  lustre.  The  di- 
sulphide  may  also  be  formed  artificially  by  heating  molybdk 
anhydride  in  the  yapour  of  sulphur.  It  is  tinchanged  by  heit  in 
closed  vessels^  but  if  roasted  in  the  open  air^  sulphurous  anhydride 
is  formed  and  is  volatilized,  while  molybdic  anhydride  remsim 
Nitric  acid  decomposes  it,  and  oonverts  the  metal  into  molybdic 
acid  j  oil  of  vitriol  also  decomposes  it  when  boiled  upon  it,  finn- 
ing a  blue  solution,  whilst  sulphurous  anhydride  escapes. 

The  irisulphide  (MoS,=  192)  is  precipitated  by  transmitting  anlphiiietod 
hydrogen  through  a  solution  of  a  molybdate,  and  adding  hydrochloric  add.  It 
is  of  a  dark-hrown  4X)lour,  and  forms  sulphur  salts  with  the  sulphidea  of  tk 
alkali-metals.  The  potassium  salt  crystallizes  in  magnifioent  iridescent  crjvtik 
(E^MoSJ.  The  molybdic  teirasulpkide  also  combines  readily  with  the  nl- 
phidcs  of  the  alkali-metals. 

A  molyhdou9  chloride  (MoCl^  =  167)  is  obtained  by  dissolving  the  \fataaM 
in  hydrochloric  acid.  Molybdic  tetrachloride  (MoClJ  is  procured  by  hcitiBg 
the  metal  in  a  current  of  dry  chlorine :  it  forms  a  red  vapour,  which  sablimci  ia 
deliquescent  fusible  crystals,  in  appearance  resembling  those  of  iodine.  It  mtj 
also  be  obtained  in  solution  by  dissolving  the  dio&ide  in  hydroehlorie  acid, 

A  chloromolybdic  acid  sublimes  in  yellowish  scales  when  the  d&xnde  ii 
heated  in  a  current  of  chlorine.  It  is  soluble  both  in  water  and  in  aleohot  nd 
consists  of  (MoCI^,2MoO,),  or  (MoO,Cl,).  Compounds  somewhat  similar  IHJ 
be  formed  with  many  aculifiable  metals,  such,  for  example,  as  tungsten,  6a> 
mium,  and  vanadium. 

(831)  Characters  of  the  Salts  of  Molybdenum  : — 

I. — Little  is  known  of  the  molybdoue  ealte,  or  salts  corresponding  to  tks 
protoxide.  They  yield  a  dark-brown  precipitate  with  the  hydratee  if  tie 
alkalies  and  their  carbonates;  the  precipitate  is  soluble  in  excess  of  ammo* 
nic  sesquicarbonate,  and  is  deposited  again  on  boiling  the  liquid ;  sulpkmniki 
hydrogen  slowly  produces  a  brown  precipitate  of  hydrated  sulphide,  whidi  11 
soluble  in  ammonic  hydrcsulphide. 

2.  — The  salts  corresponding  to  the  dioxide  have  a  dark  colour,  and  a  metaUio 
astringent  taste.  Ir^ftision  of  galls  produces  with  them  a  brownish-yellow  lohi- 
tion ;  potassic  ferrocyanide  gives  a  daik-brown  precipitate ;  ammamia  a  xiistf- 
brown  precipitate  of  the  hj^drated  dioxide. 

3. — The  molybdates  yield  characteristic  reactions  with  snc^ 

tin^  and  copper.     With  zinc  in  dilute  acid  solutions,  the  liquid 

becomes  first  blue,  then  green,  and  finally  black,  after  which  the 

addition  of  ammonia  produces  a  deposit  of  hydrated  molybdom 

oxide.     The  addition  of  a  small  quantity  of  stannous  chloride  in 

solution  to  a  liquid  containing  a  molybdate,  produces  the  beautifol 
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blue  molybdic  tetramolybdate  (MoO^^MoOj),  but  care  must  be 
taken  not  to  have  the  tin  salt  in  excess^  or  the  precipitate 
becomes  of  a  dull  green.  Copper  filings  in  similar  solutions 
reduce  the  molybdic  acid  to  the  dioxidei,  which  is  precipitated  as 
a  brown  hydrate  by  ammonia.  Before  the  blowpipe,  the  com- 
pounds of  molybdenum  yields  in  the  oxidating  flame,  a  colourless 
bead  with  borax,  and  with  microcosmic  salt;  in  the  reducing 
flame  they  give  a  brownish-red  bead  with  borax,  and  a  green  one 
with  microcosmic  salt. 

Molybdenum  is  usually  estimated  in  the  form  of  the  disul- 
phide,  of  which  loo  parts  contain  60  of  the  metal. 

§  V.  Tungstens  (Wolframium)  W=i84;  ^P*  ^^  ^T^l 
Tetrad  and  Hexad,  as  in  WCl^  and  WCl^ 

(832)  Tungsten  is  a  metal  found  in  small  -quantities  in  the 
mineral  known  as  Scheelite  or  calcic  timgstate  (CaWOJ,  or  else 
in  wolfram,  as  a  ferroso-manganous  tungstate  (MnW0^3FeW0J. 
It  is  easily  obtained  from  the  calcic  tungstate  by  digesting  the 
powdered  mineral  in  hydrochloric  acid,  which  combines  with  and 
dissolves  the  calcium,  but  leaves  the  insoluble  tungstic  acid 
behind :  from  this  compound  the  metal  itself  is  procured,  by 
heating  it  to  bright  redness  in  a  current  of  hydrogen  gas.  It  is 
thus  left  of  a  dark-grey  colour,  but  it  assumes  a  metallic  lustre 
under  the  burnisher.  If  tungstic  anhydride  be  made  into  a 
paste  with  oil,  and  heated  intensely  in  a  crucible  lined  with 
charcoal,  for  some  hours,  tungsten  is  obtained  as  a  heavy  iron- 
grey  metal,  which  is  very  hard,  and  difficult  of  fusion.  It  may  be 
heated  in  the  air  whilst  in  the  compact  state  without  sensible 
change,  but  in  the  pulverulent  form  it  bums  easily  into  tungstic 
anhydride.  Aqua  regia  and  nitric  acid  convert  it  into  tungstic 
acid,  and  the  same  change  is  produced  by  heating  it  in  contact 
with  the  alkalies  or  with  nitre.  Pulverulent  tungsten  is  also 
oxidized  and  dissolved  by  boiling  it  in  a  solution  of  the  caustic 
alkalies  or  of  their  carbonates.  When  tungsten  is  alloyed  in  the 
proportion  of  9  or  10  parts  with  90  of  steel,  it  yields  a  metallic 
miass  of  extraordinary  hardness. 

(833)  Oxides  of  Tungsten. — Two  of  these  are  known,  viz.,  a 

dioxide,  WO^,  which  does  not  form  salts  with  acids,  and  an  acid 

trioxide,  WO3.     Wohler  attributes  to  an  intermediate  blue  oxide 

the  composition  (W02,W03). 

The  dioxide  (WO,)  is  obtained  as  a  brown  powder  by  heating  tnngstio 
trioxide  to  low  redness  in  a  stream  of  hydrogen  ;  or  in  copper-coloured  scales,  by 
adding  tungstic  anhydride  to  dilute  hydrochloric  acid  in  which  some  pieces  of 
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zinc  hsre  been  placed.  In  the  Utter  form  it  attndi  <KJgra  npidlj  fnm^ 
air,  and  i»  diasoWed  bj  a  aolation  of  caoalic  potash,  with  erolotion  of  hjdnpi 
and  formation  of  potaiwic  tangatate.  W6hler  obtuna  the  dioxide  from  wMm 
bj  foaing  i  part  of  thia  mineral  with  2  parts  of  potaaaic  cmrboiuite :  the  wM, 
maaa  is  treated  with  boiling  water,  filtered,  and  mixed  with  a  solatioB  of  i|  |«l 
of  amnionic  chloride.  The  adntion  ia  then  eraporafted  to  dijinjaa,  ani  tk 
reaidoe  ignited ;  upon  treating  the  maaa  with  boiling  water,  the  dioxide  rbob 
aa  a  heavy  black  powder,  which  moat  be  waahed,  first  with  a  weak  aolotioa  d 
potash,  and  aflerwards  with  water.  In  this  operation  the  hydrogen  of  theaa- 
rooniaoal  salt  partially  reduces  the  tnngstie  add  of  the  minend. 

With  soda,  tungstic  oxide  forms  a  remarkable  eompoand  of  a  jtDow  eriia 
and  metallic  loiitre,  containing,  according  to  Wright  (Na^OyWO^WOj.  ft 
crystallizes  in  cubes,  and  ia  not  acted  npon  by  any  acid,  or  mixtore  of  laii, 
except  the  hydrofluoric ;  the  solutions  of  the  caustic  alkaliea  are  equally  withflit 
effect  upon  it :  if  heated  in  the  air  it  ia  deoompoeed  and  partially  oooverted  ioli 
Modic  tungstate.  It  is  best  obtained  by  fuaing  tin  with  an  exceaa  of  the  aeid 
Modic  tungstate  :  in  order  to  remove  the  undecompoaed  aodic  tungstate  and  fiii 
tungstic  acid,  the  residue  is  treated  in  succession  with  concentrated  eolation  d 
potash,  water,  and  hydrochloric  acid ;  finally  it  is  waahed  with  water.  Cv- 
responding  oompoundjB  with  potassium  and  lithium  have  alao  been  obtained. 

Tungstic  anhydride^  or  trioxide,  (W03=232);  often  caOed 
tungstic  acid;  Sp.  Gr.  6' 12;  Comp.  in  100  parts,  W,  79*32; 
O^  20*68. — Laurent  considered  that  there  were  not  fewer  than  lix 
modifications  of  this  acid,  each  of  which  formed  a  distinct  class  of 
salts ;  but  the  subsequent  researches  of  Riche  {Ann.  de  Ckimie, 
III.  1.  5)^  confirmed  by  those  of  Scheibler^  appear  to  have  shown 
that  there  are  but  two  modifications  in  addition  to  the  anhydride. 
These  two  different  acids  he  terms  the  tungstic  (H^WOJ,  amd  tibe 
metatungstic  acid  (H^W^O^j).  De  Marignac  continues  to  applj 
the  designation  of  paratungstaies  to  a  class  of  salts  of  the  form  ci 
(5M30,i3W03,2«+iH30),  or  (Ufiy^Wfi^^nHfi),  though  he  hii 
not  isolated  any  specific  modification  of  acid  from  them. 

Tungstic  anhydride  may  be  obtained  from  calcic  tungstate  bj 
the  process  already  described^  or  by  decomposing  wolfiram  with 
aqua  regia,  evaporating  to  dryness^  and  dissolving  the  liberated 
tungstic  acid  in  ammonia ;  the  anmionic  tungstate  is  purified  \sf 
crystallization,  and  when  heated  in  open  vessels  loses  ammonia 
and  water,  and  is  converted  into  pure  tungstic  trioxide.  Thii 
compound  is  a  straw-yellow,  tasteless,  insoluble  powder,  which 
assumes  a  deeper  orange  tint  when  heated,  the  colour  fading  again 
as  the  temperature  falls.  In  this  form  it  is  insoluble  in  addi, 
but  is  readily  soluble  in  alkaline  solutions ;  and  when  heated  with 
solutions  of  the  alkaline  carbonates,  it  decomposes  them  with 
eflervescence. 

Tungstic  add  (Hj,WOJ  is  obtained  in  the  form  of  a  yellow 
powder  by  adding  hydrochloric  acid  in  excess  to  a  boiling  solution 
of  the  trioxide  in  any  of  the  alkalies.     The  modification  of 
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tlitts  obtained  forms  tiro  classes  of  salts,  one  of  vhich  is  Dormal, 
the  other  acid  in  compoedtion.  Even  the  normal  salts  all  redden 
litmus  faintly.*  When  mixed  in  the  cold  with  an  excess  of  hydro- 
chloric acid,  they  are  decomposed,  and  a  vhite  sparingly  soluble 
hydrate  of  tangstic  acid  (HjWO^HjO)  is  deposited. 

The  following  table   contains  the  formula  of  a  few  of  the 
tongstatea,  and  shows  their  complex  character : — 
Honn«l  tnngitatM         ...      M.O.WO,  I  at  M,WO, 

PwrtnngrtatM (M,0,iiWO,.a»+ iH,0    M.H.3W,0,,«H,0 

Ueta^nngtUles M,04WO,,»H,0  I  M,,W,0„,«H,0 


Fotatrio  tnngttate  ...      K,O.WO,.aH,0 

Sodio  „  ...      Na,0,WO,,aH,0 

5K,0,ijW0,.iiH,0 

5Na,0,i2W0..27H,Or 

j(H,N),0,ijWO,,iiH,0 
Ditto  (cryitallizod  hot)   ...     5(H^N},0,r2WO,.5H,0 
Sodio-potM8icpM»tung»Ute4K,0,NH,0.i2WO,.i5H,C 
Add  nodio  tangataU        ...    jNa,0,7WO,,[6H,0 
PotMrio  metatnng«Ute  ...       K,04WO,,5H,0 
AnunoDic  mstatongttate     1  3(H.N),0,8WO,JI,0,, 

•nd  nitrata |         4H_0 

FotoMtie  Ivngttale  i*  obtuned  bjr  hesUng  t  Btrong  K>liition  of  potM«e  cu- 
booate  to  nearlj  its  boiling-point  and  adding  tnngstic  anhydride  to  long  a*  it 
prodaoes  an  efierretoenoe ;  long  slender,  anbydront,  deliqnMceiit  needles  of  the 
tongatate  are  deponted  from  the  ■olation  aa  it  ooola ;  if  rediaaolved,  and  allowed 
to  leor^talliie  bj  ipoDtaneoo*  eraporatioD  over  oil  of  ritriol,  at  a  tmnpentim 
not  exceeding  jo"  (10°  C).  large  limpid  priami  {K,WO,,iH,0)  are  formed ;  1^ 
salt  ia  aolable  in  about  bedf  ita  weight  of  oold  water.     When  pan  it  i>  not  de- 


K.H.3W,0,,3H,0 

Nb,H,3W,0,,I3H,0 

(H,N),H,3W,0,,5H,0 

(H,N),H.3W,0,.iH,0 

K.NaH.3W,U,.7H,0 

K»,H,.7WO.,i2H,0 

K,W.O,^H,0 

(H,H),,W,0„,H.NNO,, 


*  Bcheibler  {Jimm./ur  Prakt.  Chemie,  Ixuiii.  373)  attribntea  to  the  tung< 
■tatea  fonnule  moch  more  complicated  than  thoee  given  b;  Riche;  and  Do 
HBrigtuo  [Arm,  de  Chimie,  111.  Izis.  5)  give*  others  for  certain  componnda  jet 
mora  oomplioated  than  thoM  of  Bcheibler,  thongb  the  analj aea  of  De  Horignae 
l^ne  almoat  eiactlj  with  Sobeibler's. 

The  complexity  of  these  formalie  ha*  led  Fenoz  to  attempt  to  simplify  them 
by  altering  the  nnmber  auumed  ai  the  atomic  weight  of  tuiigcUa  (Ann.  de 
CAimie,  IV.  i.  93).  He  calli  the  atomic  weight  of  tnngBten,  153'3,  and  if  wo 
take  for  this  imw  weight  the  lymbol  Tn,  the  formnla  for  the  anhydride  will  bs 
Tu,0,.  Bnt  if  Regnaolt'i  determination  of  the  apecifio  heat  of  tangttea  b« 
oorrect,  it  in  not  probable  that  thii  number  represents  that  of  the  atomic  weight ; 
and  indeed  the  formnlee  which  Penoz  proposes,  when  reduced,  as  needful,  for  the 
la^er  atomic  weight  of  oxygen,  are  not  leas  complicated  than  those  for  which  he 
attempt!  to  labstitute  them.  I  have,  with  one  or  two  exceptions,  adopted  tba 
fi>rmulie  of  De  Harignac  as  being  the  most  symmetrical,  and  therefore  the  most 
probable,  whilst  they  correspond  quite  aa  closely  with  the  experimental  reiulta 

Tbe  researcheaof  Oraham  {Proeted.  Sag.  8oe.  xiiu  i^^),  on  the  soluble  col- 
loidi  of  the  tangstic,  molybdio,  and  other  metallic  aoida,  throw  some  fhrthn  light 
upon  tbeir  anomaliea. 

t  De  Uangnio  adopts  the  ibimnla  with  aSH^O. 
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composed  by  the  addition  of  a  solution  of  the  hydro-sodic  carbonate,  bnt  if  siliet 
be  present,  a  precipitate  is  occasioned  by  this  test  Acid'iungHale  ofpciatnam 
may  be  obtained  as  (E^W^O,)  by  fusing  an  equivalent  of  the  foregoing  salt  widi 
one  of  the  tungstic  anhydride,  or  by  adding  a  second  equivalent  of  tangstic  an- 
hydride to  a  hot  solution  of  an  equivalent  of  the  normal  salt,  when  it  crystalliief 
in  hydrated  plates  with  l^^O.  A  sparingly  soluble  paraiungMtate  (K^HjW^O,, 
jHjO)  is  obtained  by  transmitting  a  current  of  carbonic  anhydride  thi^oiigh  a 
solution  of  the  normal  tungstate :  it  is  deposited  in  pearly  scales.  The  nonnal 
^oc^ic.tungstate  (Na^WQ^^H,0)  crystallizes  readily  in  4liin  pearly  rhomboidil 
plates.  The  paratunffstaie  of  De  Marignac  j(Na|H,3W^Oy,i3H,0)  may  also  bo 
obtained  crystallized  in  large  efflorescent  oblique  prisms.  This  salt  becomes 
modified  by  long  boiling  of  its  solution,  which  then  on  evaporation  depoaita  long 
8-aided  prisms  of  an  acid  salt  (N%^Hg,7WO^,i7H^O).  Another  acid  salt  con- 
taining only  1 2  instead  of  i  yH^O,  is  also  known,  and  if  either  of  these  aalts  bo 
fused  at  a  full  red  betft,  an  insoluble  salt  (Na,0,4W0,)  is  left  on  treating  the  man 
with  water.  No  normal  ammonic  tungstate  is  known,  but  the  paratungtiaie 
is  easily  obtained  by  digesting  4iie  anhydride  in  escess  of  ammonia :  it  if  a 
sparingly  soluble  salt  which  at  ordinary  temperatures  crystallizes  in  two  distinct 
forms,  either  in  delicate  needles,  or  in  thin  brilliant  plates,  both  having  the  same 
composition  [(H^N),H,3  W.O^.jH^O].  If  crystaUized  at  a  littie  below  the  boil- 
ing-point, it  is  deposited  in  hard  brilliant  rhomboidal  needles  which  contain  a 
instead  of  jH^O.  A  tungstous  tungstate  (WO,,WO,),  of  a  splendid  blue  cok>iir, 
somewhat  amdcgous  to  the  molybdic  molybdates,  may  be  obtained  by  a  partial 
reduction  of  tungstic  acid,  either  by  hydrogen  gas,  or  by  strongly  igniting  am- 
monic tungstate  in  closed  vessels,  or  by  digesting  tungstic  anhydride  with  zino 
and  hydrochloric  or  sulphuric  acid. 

The  most  Important  native  ore  of  tungsten  is  wolfram,  which 
occurs  in  hard  prismatic  crystals  of  a  dark  brown  colour ;  it  is 
regarded  as  a  mixture,  in  variable  proportions^  of  ferrous  and 
manganous  tungstates.  Its  specific  gravity  is  very  high^  being 
about  7*3.  It  was  this  circumstance  that  gave  rise  to  the  name 
tungsten,  the  term  being  a  combination  of  two  Swedish  words, 
implying  '  heavy  stone.^  This  mineral  is  decomposed  when  boiled 
with  hydrochloric  acid,  or  with  aqua  regia,  the  tungstic  acid  re- 
maining imdissolved.  It  is  also  readily  decomposed  by  fusion  with 
nitre  or  with  sodic  carbonate^  and  a  soluble  tungstate  of  the 
alkali-metal  is  formed. 

Metatungstic  Acid  (H^W^Oig  or  njd;^fi^^,—T!he   salts  of 

this  acid  colour  litmus  of  a  wine-red,  and  crystallize  generally 

with  facility.     They  pass  readily  when  in  solution  into  the  salts 

of  timgstic  acid :  the  change  is  gradual  in  neutral  solutions  at 

ordinary  temperatures,  more  rapid  in  boiling  liquids,  or  on  the 

addition  of  a  powerfiil  acid,  and  the  conversion  is  instantaneous  if 

the  hot  liquid  is  mixed  with  a  caustic  alkali  or  alkaline  carbonate 

in  excess.     The  metatungstates  are  always  prepared  by  the  action 

of  hydrated  timgstic  acid  upon  the  tungstates. 

If  the  white  hydrated  acid  (H,WO^,H,0),  obtained  by  the  action  of  bydio- 
chloric  acid  in  the  cold  upon  the  soluble  tungstates,  be  neutralized  by  bases,  it 
furnishes  salts  which  are  identical  with  the  ordinary  tongstateei  but  if  one  of 
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the  Bolable  normal  tungstates,  such  as  potwisio  tnngstat^,  be  boiled  with  the 
white  hydrate  of  the  acid  in  the  proportion  of  an  atom  of  each  until  the  solntion 
no  longer  becomes  tnrbid  on  the  addition  of  an  acid,  a  new  salt,  potassie  metc^ 
tuHff state  (K,W^0j,,8H,0)  is  formed,  and  is  deposited  in  square  based  octohedra: 
a  second  salt  containing  only  jH^O  crystallizes  in  delicate  needles,  after  adding 
alcohol  to  a  strong  solution  of  the  first  salt.  A  sodic  metatungstate  with  ioH,0 
crystallized  in  brilliant  octohedra  may  be  obtained  by  operating  as  for  the  first 
potash  salt  Ammonic  metatungstate  [(H^N),,W^0j,,8H,0]  crystallizes  in  bril- 
liant fusible  octohedra.  The  metatungstates,  when  mixed  with  nitric  acid,  do  not 
at  once  yield  a  precipitate  of  the  metallic  acid. 

Baric  metatungstate  (BaW40j,,9H,0)  may  be  obtained  in  crystals  with  a 
fatty  lustre,  by  mixing  a  warm  jconoentrated  solution  of  ammonic  metatungstate 
with  an  equivalent  quantity  of  one  of  baric  chloride ;  and  by  decomposing  bario 
metatungstate  with  its  exact  equivalent  of  diluted  sulphuric  add,  a  solution  of 
the  metatungstic  acid  is  obtained. 

De  Marignao  has  found  that  when  acid  potassio  tungstate  is  boiled  with 
gelatinous  silica,  the  liquid  becomes  alkaline,  silica  is  dissolved,  and  a  new  salt, 
a  sUico-tungstate,  is  formed.  The  acid  is  unstable,  but  it  may  be  obtained  crys- 
tallized at  ordinary  temperatures  in  square  tables  (4H,0,SiO^,i  2WO,,29H,0) ;  or 
in  cubo-octohedra,  which  contain  1 8H,0,  by  evaporation  at  a  rather  high  tem- 
perature. Two  other  silicated  tuugstic  acids  appear  to  exist:  each  of  the  three 
forms  is  soluble  in  alcohol;  with  the  alkali-metals  they  form  very  soluble  salts. 

(834)  Sulphides  of  Tunqstem. — ^There  are  two  sulphides  of  this  metal, 
the  disulphide  and  the  trisulphide. 

The  disulphide  (WS,,  8p,  Ch,  6*26)  was  obtained  by  Riche  in  a  pure  form 
by  heating,  in  .a  covered  clay  crucible,  an  intimate  mixture  of  equal  parts  of  acid 
potassic  tungstate  and  sulphur.  After  fiision  at  a  very  high  temperature  for 
half  an  hour,  the  mass  is  poured  out,  powdered,  and  washed  with  boiling  water. 
The  disulphide  is  left  in  the  form  of  bluish-black  slender  crystals,  which  feel 
unctuous  to  the  touch,  and  stain  paper  or  the  skin  like  plumbago ;  it  admits  of 
being  consolidated  by  pressure,  and  might,  probably,  be  used  in  the  manufacture 
of  drawing-pencils. 

The  trisulphide  (WS,)  may  be  obtained  by  dissolving  tungstio  anhydride  in 
a  solution  of  dipotassic  sulphide,  and  precipit«tiug  by  the  addition  of  an  acid :  it 
is  slightly  soluble  in  pure  water. 

The  trisulphide  is  a  strong  sulphur  acid ;  with  dipotassic  sulphide  it  forms 
an  orange-yellow  crystallizable  compound.  These  «ulpho-salts  may  be  formed 
by  heating  the  tungstates  of  the  alkali-metals  with  an  excess  of  sulphur. 

Phosphides  of  Tungsten. — Phosphorus  enters  into  combination  with 
tungsten,  when  its  vapour  is  passed  4»ver  the  metal  in  a  finely-divided  state,  and 
heated  to  redness  in  a  glass  tube;  a  dull,  dark  grey  powder  (W,P^),  difficult  of 
oxidation,  is  thus  formed.  Another  compound  (W,P)  is  formed  in  beautiful 
crystalline  groups  like  geodes,  by  reducing  a  mixture  of  2  atoms  of  phosphoric 
and  I  atom  of  tungstic  anhydride,  at  a  very  high  temperature,  iu  a  crucible  lined 
with  chaiicoal :  brilliant  six-sided  steel-grey  prisms,  of  sp.  gr.  5*207,  are  thus  ob- 
tained. It  is  a  good  conductor  of  electricity.  It  is  oxidized  with  difficulty  when 
heated,  and  is  not  attacked  by  acids. 

Both  the  Chlobides  of  this  metal,  the  tetrachloride  WCI4,  and  the  hexa- 
chloride  WCl^,  are  volatile :  they  are  decomposed  by  water  into  hydrochloric 
acid  and  the  corresponding  oxide  of  tungsten.  The  hexachloride  {Sp.  Or.  qf 
Vapour,  1 1*86 ;  Debray)  is  formed  by  passing  pure  and  dry  chlorine  over  heated 
metallic  tungsten ;  it  fusee  at  36 1°'4  (183^  C),  and  is  of  a  bronze  colour,  but  by 
exposure  to  the  air  quickly  acquires  a  violet  hue,  owing  to  its  partial  decom- 
position by  the  absorption  of  moisture. 
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The  dioxydichloride  (WO^Cl,)  may  be  obtained  in  yellow  Tolatile  arpiailSm 
acalea,  by  passing  diy  chlorine,  over  either  the  tangstona  oxide  or  tongstie  aah|* 
dride  when  heated  to  redness.  It  is  sometimes  termed  chlorotangitio  acid.  Tk 
red  volatile  compound,  formerly  supposed  to  be  a  perehloride,  is,  aoeor^ng  tD 
Riche,  an  oxytetrachloride  of  the  form  (WOCI4 ;  8p.  Or,  of  Vapomr,  10*74, 
Debray). 

Tongstio  tetrachloride  (WCI4)  absorbs  ammonia,  and  bj  a  gentle  lieat,  ik 
whole  of  the  chlorine  is  expelled  in  the  form  of  sal  ammoniac,  leaving  a  Uaek 
powder  consisting  of  aWN^^WH^N,.  When  this  powder  is  heated  in  the  air  it 
bams,  evolving  ammonia  and  leaving  a  residue  of  tungstic  anhydride  (Wokki): 
it  is  not  soluble  in  acids. 

(835)  Characters  o?  the  Salts  op  Tungsten. — The  com- 
pounds of  this  metal  are  not  poisonous.  No  salts  correspcHidiiLg 
to  tungstic  dioxide  are  known. 

The  tunff states  in  solution  are  colourless.  They  are  not  pre- 
cipitated either  by  sulphuretted  hydrogen  or  by  ammamc  hydro- 
sulphide.  A  bar  of  tiny  placed  in  their  acidulated  solution  in  t 
vessel  from  which  air  is  excluded^  produces  a  deep  yiolet-ooloored 
liquid^  owing  to  the  reduction  of  the  acid  to  a  lower  degree  of 
oxidation.  Zinc^  stannous  chloride^  and  other  reducing  agents, 
in  the  presence  of  acids^  produce  a  like  result.  The  addition  d 
any  stronger  acid  to  a  boiling  solution  of  the  tungstates  csmes 
the  separation  of  a  yellow  precipitate  of  tungstic  acid  which  ii 
soluble  in  phosphoric  and  in  tartaric  acid.  They  yield  before  the 
blowpipe,  with  borax^  a  colourless  transparent  glass^  which  becomeB 
yellow  in  the  reducing  flame^  and  blood-red  on  cooling.  With 
microcosmic  salt  (621)  they  give  a  beautiful  blue  in  the  redudng 
flame^  which  becomes  yellow  or  colourless  in  the  oxidating  flame; 
the  addition  of  a  little  metallic  tin  to  the  bead  favours  liie  pro> 
duction  of  the  blue  colour. 

Tungsten  is  always  estimated  in  the  form  of  tungstic  anhy- 
dride, 100  grains  of  which  contain  7 9' 32.  of  the  metal. 

§  VI,  CoLUMBiUM — ^Tantalum. 

(83  ja)  C0LUHBIUH,  or  Niobium  (Nb  ^  94)  was  discorered  in  the  year  1801 
by  Hatohett,  who  found  it  in  a  black  mineral  from  Massachusetts,  termed  eoUtth 
bite.  In  the  following  year  Ekeberg  obtained  a  new  metal,  which  he  tennei 
Tantalum  (Ta=  182),  from  the  tantalite  and  yttro-tantalite  of  Sweden. 

These  two  metals  were  asserted  by  WoUaston  to  be  identical— en  opiniaB 
generally  received  until  Rose  showed  that  the  American  mineral  contained  a 
metallic  acid  different  from  that  furnished  by  the  tantalite :  this  aoid  he  tenned 
the  niobic  ;  and  its  metallic  constituent,  niobium,  is  the  colnmbium  of  Hatehstt 
Bose  at  the  same  time  stated  that  associated  with  this  was  a  second  metallic  and, 
which  he  tenned  the  pelopic,  but  this  he  subsequently  ascertained  to  be  a  oimi- 
pound  of  the  metal  which  he  called  niobium. 

A  volatile  chloride  of  this  metal  (NbCl  J ;  8p,  Or,  of  Vapour,  9*6 ;  Fusmy- 
pt.  381^*2  (194''  C);  Boiling-pU  464''  (24o''*5  C.)  may  be  obtamed;  aa  w^af 
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a  Toh^ale  Jluaride  of  similar  oonstitntion,  which  furnishes  crystallizable  double 
fluorides  tiiat  have  been  studied  bj  De  Marignac.  It  also  yields  an  oxychloride 
NbOCl,,  and  an  oxyflaoride  NbOF,. 

Niobium  and  tantalum  are  too  rare  to  need  a  detailed  description  here: 
they  have  a  certain  analogy  with  silicon, — tantalic  anhydride  was  believed  by 
Bose  to  be  a  dioxide  TaO, ;  but  the  subsequent  researches  of  De  Marignac,  and 
the  crystalline  form  of  potassio-tantalic  fluoride  (2EF,TaFJ  seem  to  show  that 
it  is  rather  to  be  regarded  as  Ta^O,. 

These  two  metals  belong  taUier  to  the  group  of  phosphorus  than  to  that  of 
silicon,  and  the  same  remark  applies  to  vanadium. 

Hermann  supposed  the  yttro-tantalite  of  Siberia  to  contain  a  new  metal, 
analogous  to  oolumbium,  to  which  he  gave  the  name  of  Ilmenium  ;  but  he  has 
since  proved  the  so-called  ilmenio  acid  to  be  a  mixture  of  the  tantalic  and  niobio 
anhydrides. 

§  VII.  Vanadium  (¥=51-3.) 

(836)  Yanjldivm  is  one  of  those  rare  metals  at  present  known  only  as 
chemical  curiosities:  it  was  diMCOvered  in  1830,  by  Sefstrom,  in  a  Swedish  iron 
ore  from  Taberg,  which  yielded  bar  iron  remarkable  for  its  malleability ;  but  its 
moKt  abundant  ore  is  vanadinite  [3(Pb,2yOJPbClJ,  a  mineral  isomorphous  with 
pyromorphite  [3(Pb,2POJPbC]J;  vanadinite  has  been  found  at  Zimapanin  Mexico, 
at  Wanlockhead  in  Scotland,  and  more  recently  in  Chili ;  lately  Wbhler  has  found 
vanadium  accompanying  some  of  the  ores  of  uranium  and  iron.  Quite  recently 
a  more  abundant  supply  of  ihia  metal  has  been  met  with  by  Boscoe  in  the  cupri- 
ferous stratum  of  the  new  red  sandstone  at  Alderley  Edge  in  Cheshire,  and  we 
are  indebted  to  the  last-named  chemist  for  a  new  investigation  of  the  principal 
compounds  of  vanadium. 

Berzelius  believed  that  he  had  isolated  the  metal  by  heating  vanadic  anhy* 
dride  in  a  covered  porcelain  crucible  with  potassium,  but  the  brilliant  metallio- 
looking  powder,  according  to  Rosooe,  still  retains  oxygen.  Several  anomalies 
have  been  cleared  up  by  this  discovery,  as  vanadium  will  now  take  its  place  in 
the  series  of  phosphorus,  with  which  it  forms  isomorphous  compounds,  instead  of 
being,  as  was  supposed,  allied  to  molybdenum  and  tungsten.  The  metal  itself 
appears  not  to  have  been  isolated  hitherto. 

(837)  Oxides  of  Vanadium. — ^At  present  4  oxides  of  the  metal  are  known, 
but  it  is  not  improbable  that  a  fiflh  V^O  may  be  hereafter  discovered,  completing 
the  series  V,0,,  V,0,,  V,0,.  and  V,0,.  The  oxide  V,0,.  according  to  Roscoe,  is 
the  body  regarded  by  Berzelius  as  the  metal ;  YsO,  was  his  vanadous  oxide  VO, 
V,04  was  his  vanadic  oxide  VO^,  and  the  anhydride  VjO,,  his  vanadic  acid  VO^ 

Salts  qf  the  oxide  ¥,0,  (the  vanadyl  of  Rosooe),  are  lavender  coloured  in 
solution.  Roscoe  obtains  them  by  reducing  a  dilute  solution  of  the  anhydride 
in  sulphuric  acid,  by  means  of  zinc,  of  cadmium,  or  of  sodium  amalgam.  The 
solution  absorbs  oxygen  from  the  air  with  great  avidity,  and  owing  to  its  de- 
oxidizing power  it  bleaches  indigo  and  litmus  as  quickly  as  chlorine  itself,  but 
the  colour  returns  on  exposure  to  the  air.  The  oxide  has  been  obtained  as  a 
bright  grey  metallic-looking  powder  by  transmitting  a  current  of  dry  hydrogen 
obliged  with  the  vapours  of  the  oxychloride  YOCl,,  through  a  tube  containing 
ignited  charcoal.     It  is  soluble  in  dilute  acids  with  evolution  of  hydrogen. 

The  sesquioxide,  8p,  Or.  472  (V,0,=  150*6),  is  obtained  from  vanadic 
anhydride,  by  reducing  it,  by  means  of  a  stream  of  hydrogen,  or  by  charcoal :  it 
is  a  black,  crystalline,  brittle  mass,  resembling  graphite  in  appearance,  and,  like 
it,  conducts  electricity.  Roscoe  states  that  the  presence  of  a  minute  quantity  of 
phosphoric  acid  prevents  the  complete  reduction  of  the  anhydride  by  hydrogen, 
to  this  condition.     In  this  form  it  does  not  combine  either  with  adds  or  with 
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baaea.  If  heated  in  air  for  aome  time  it  abaorba  oxygen,  forming  the  inma- 
dium-Utroxide  (V^O^  =  1 66*4),  aa  a  black  anhydroua  powder,  and  even  at  oomaoa 
temperaturea  thia  abaorption  of  oxygen  goea  on  until  the  mmas  beoomea  oooTflrtid 
into  bine  crystals  of  the  same  oxide. 

Salta  oorreaponding  to  the  sesquioxideV^O^of  a  brown  or  green  oolonr,  acoorJim 
aa  they  are  neutral  or  acid,  may  be  obtained  by  redudng  the  sulphate  of  vanafie 
anhydride  by  means  of  magnesium,  which  only  carriea  the  rednctioo  to  thb  1 

The  oxide  ^fi^  forms  salta  with  acids ;   they  have  a  blue  ooloarp  and 
mixed  with  the  hydrates  of  the  alkaliea  furnish  a  grey  hydrate  of  thb  oxida;  ia  * 
this  form  it  rapidly  absorbs  oxygen,  and  becomes  first  brown  and  then 
This  oxide  appears  alao  to  poesess  feebly  acid  propertiea,  for  it  oombinea  with 

Solutions  of  divanadium  tetroxide  may  be  obtained  by  reducing  the  aofai&oa 
bf  sulphate  of  vanadic  acid  by  aulphuretted  hydrogen  or  aulphoroua  aiad,  when  1 
bright  blue  liquid  is  obtained. 

Vanadic  anhydride  (V^O,  =  182*6 ;  9p.gr.  3*49)  is  of  a  brownish -red  ookor; 
at  a  red  heat  it  fuses  without  further  change,  and  crystallizes  in  rhombic  prim 
on  cooling,  becoming  incandescent  from  evolution  of  latent  heat  in  the  act  of 
passing  from  the  vitreous  into  the  crystalline  condition.  It  ia  aparinglj  aohibli 
in  water,  to  which  it  communicatee  a  yellow  tint :  the  aolution  is  powerfnlly  add 
and  reddens  litmus  strongly.  It  forms  both  normal  and  acid  aalts :  the  normal  sihi 
when  first  prepared  are  yellow,  but  in  a  few  hours  they  spontaneously  become  whita 
The  most  important  of  these  salta  ia  the  ai9»moiiievana(/mfo(H^)yO,,  the  net^ 
vanadiate  of  Roscoe,  from  which  the  acid  itself  is  usually  obtained.  Amnooie 
vanadiate  is  procured  by  putting  pieoea  of  aal  ammoniac  into  a  cmde  solution  of 
potassic  vanadiate  (such  as  ia  prepared  By  the  deflagration  of  the  slag  obtaioed 
from  the  iron  ore  of  Taberg,  with  nitre,  after  the  excess  of  alkali  has  been  sea- 
tralized  with  hydrochloric  acid) :  the  ammonic  vanadiate  being  insoluble  in  a 
aaturated  solution  ef  ammonic  chloride  is  gradually  deposited  in  small  aysUl- 
line  grains.  Cold  water  dissolves  it  sparingly,  but  it  is  much  more  aoloUe  in 
hot  water :  when  heated  in  the  opt^n  air  the  ammonia  is  expelled,  and  port 
vanadic  anhydride  is  left.  The  acid  ammonic  vanadiate,  7.^^}^y0^y  fi^t 
yields  crystals  of  an  orange  colour.  If  mixed  with  tincture  of  galls,  these  sahi 
give  a  deep  black  liquid,  which  preserves  its  blaeknesa  even  when  much  dilated: 
it  forms  a  very  permanent  writing  ink,  aince  it  ia  not  deatreyed  either  by  wik, 
which  turn  it  blue,  or  by  alkalies,  or  by  chlorine. 

Vanadic  anhydride  appears  to  combine  in  different  proportions  with  the 
inferior  oxides  of  the  metal,  forming  compounds  which  are  either  of  a  green  or  a 
purple  colour.  It  alao  combines  with  many  acids  in  definite  proportions,  such  ai 
the  compound  {!^fi^3^0^.    Several  of  these  compounds  crystallize  with  fialify. 

Vanadium  Chlobide& — The  pure  chlorides  of  vanadium  have  not  yet  beoi 
examined.  According  to  Bosooe  several  oxychlorides  exist,  viz.,  V,0,C1,  VOd, 
VOClj,  and  VOCI,.'  The  moat  important  is  the  liq;ud  last-mentioned,  whidi 
waa  formerly  regarded  as  the  trichloride. 

Vanadic  oxytrichloride,  VOCL;  Sp,  Ch,  qf  Vapouir  6*  108;  qf  lugmi 
1-841  ai  I4''\$  C;  Boili^g-pt.  26(^  (126^7);  BeLwtS&S;  MoL  VoLlTli 
Mol,  wt.  173*8. — This  is  a  yellow  fuming  volatile  liquid  analc^na  to  phos- 
phoryl  chloride  POCl^.  It  is  immediately  decomposed  by  water  into  vanadic 
and  hydrochloric  acids;  VOCl,  +  3H^O  =  H,VO,  +  3HCl.  Thia  oxychk>ride 
may  be  obtained  by  heating  a  mixture  of  vanadic  anhydride  and  charcoal  in  a 
current  of  hydrogen,  after  which  it  is  heated  in  a  current  of  dry  chlorine;  cr 
it  may  be  procured  at  once  by  passing  dry  chlorine  over  the  sesquioxide,  S^fi^ 
+  6C1,  =  V,0,  +  4VOCI,.     This  oxyehloride  remains  liquid  at  -  5^  (  -  15**  C). 

Vanadic  oxytrichloride  ia  decomposed  if  heated  with  hydrogen,  lower  solid 
oxychloridea  being  formed. 
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Vanadiwm  Nitrides, — ^T  wo  of  these  are  known,  YN,  and  VN^  The  diniiride, 
YN^  is  obtained  as  a  black  powder  by  passing  ammoniacal  gas  over  the  oxytri- 
diloride,  heating  to  expel  sal  ammoniac,  washing  with  solution  of  ammonia, 
and  drying  over  sulphuric  acid.  The  other  nitride,  YN,  may  be  obtained  by 
igniting  the  foregoing  oomponnd  intensely  in  a  current  of  dry  ammonia — as 
■teel  white  brittle  oompoundv 

(838)  Chabactbbs  of  xhb  CoirpouKDS  OB  Yavadium. — J.  The  salts  oor- 
respondmg  to  the  divanaditim  tetroxide  ^fi^  yield  blue  solutions,  which  give  a 
deep  blue  black  colour  with  tincture  of  galls,  and  a  grey  precipitate  with  the  hy- 
drated  alkalieM,  soluble  in  excess  of  the  precipitant  ;>  the  precipitate  becomes  red 
by  exposure  to  the  air.  JPotaesic  fewrocycmide  gives  a  yellow  precipitate,  which 
becomes  greenish  when  exposed  to  the  air.  The  sulphides  of  the  alkali-metals 
give  a  brownish-black  precipitate,  readily  soluble  in  excess,  and  forming  a  mag- 
nificent purple  liquid. 

2. — ^The  vanctdiates  are  usually  red  or  yellow :  they  have*  a  powerfully 
astringent  taste-:  when  treated  either  with  sulphuretted  hydrogen,  or  suiphorous 
acid,  or  when  boiled  with  sulphuric  acid  and  either  alcohol  or  sugar,  they  give  a 
beautiful  blue  solution,  a  reaction  that  distinguishes  them  from  the  chromates, 
which  under  these  circumstances  furnish  a  green  liquid.  Beft^re  the  blowpipe 
with  borax  in  the  reducing  flame,  oompounds  containing  vanadium,  give  a  g^reeii 
glass,  which,  becomes  yellow  in  the  oxidating  flame. 

§  VIII.  Arsbnicum  :  {Asf"^^.     Theoretic  Sp^  Gr.  of  vapour, 

10-167  ;  Observed^  \0'6y  of  AoUd,Jrom  5-70  ta  5*959.; 

Atomic  Vol.  j^  or  [];  Rel.  tot.  150 ;  Molecular  Vol^ 


Afl^  I     \    I  ;*  Triad,  as  in  AaC\ ;  rarely 


Pentad,  as  in  A8(CH3)^I. 

(839)  Arsenicum^  or  arsenic,  in  various  states  of  eombina- 
tion^  was  known  to  mankind  before  the-  Christian  era.  This 
element  presents  many  analogies  with  phosphorus^  and  with 
nitrogen  :  it  is  considered  by^  several  French-  writers  to  belong  to 
the  non-metaHic  elements.  It,  however,  conducts  electricity  with 
facility,  and  possesses  a  high  metallic  lustre.  Arsenicum  gene- 
rally presents  itself  in  the  form  of  an  alloy  with  some  other  metal, 
especially  with  iron,  or  with  cobalt,  nickel,  copper,  or  tin.  It  is 
found  occasionally  in  the  native  state,  and  it  sometimes  occurs 
iinited  with  oxygen  and  certain  metals,  constituting  arseniates, 
such  as  those  of  iron,  copper>  and  lead.  More  rarely  it  occurs 
united  with  sulphur,  either  as  the  red  sulphide  (As^S,),  realgar, 
or  as  the  yellow  sesquisulphide,  As^Sj,  known  as  orpiment. 

The  greater  part  of  the  arsenic  of  commerce  is  prepared  from 
mispickel  (FbAsS),  an  arsenical  srdphide  of  iron  fiimished  abun- 
dantly by  the  Silesian  mines ;  and  from  the  arsenides  of  nickel 
and  cobalt,  which  yield  arsenious  sesquioxide  as  a  secondary  pro- 


*  Fonr  atoms  of  arsenioamr  entes  inti[>%t)ie  formation  of  one  moleoole  of  its 
Tapoor ;  in  this  respect  this  element  oorrespcmds  with  phosphoma. 
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duct  in  the  ordinary  process  of  working  these  ores.  The  sepsis 
tion  of  the  arsenic  is  eflTected  by  roasting  the  mineral  in  a  mamur 
similar  to  that  employed  for  driving  off  sulphur ;  but  the  ane- 
nious  sesquioxide  which  is  produced,  being  less  volatile,  man 
valuable,  and  more  deleterious,  is  condensed  in  large  chamben^ 
through  which  the  flues  from  the  furnaces  pass.  HRie  emptying 
of  these  chambers,  which  is  performed  about  once  in  six  wedo^ 
is  an  operation  attended  with  danger  to  the  workmen,  from  tliB 
poisonous  and  irritating  nature  of  the  finely-powdered  aneoiooi 
sesquioxide.  In  order  in  some  degree  to  protect  the  men  wiubt 
thus  engaged,  they  are  cased  in  leather,  with  glazed  a]>ertures  fit 
the  eyes,  and  are  made  to  cover  their  mouths  and  nostrils  wiA 
damp  cloths,  which  arrest  most  of  the  acrid  particles.  Much  of 
the  sesquioxide  obtained  from  these  chambers  is  in  the  form  oft 
fine  powder ;  it  is  still  very  impure,  and  it  is  therefore  again  sub- 
limed in  iron  pots,  the  upper  part  of  which  is  kept  moderate 
cool ;  here  it  is  condensed  into  a  transparent,  half-fused,  vitreooi 
mass.  The  lower  portions  only  of  this  sublimate  are  pure,  and 
these  are  sold  as  white  arsenic ;  the  upper  are  either  resublimed, 
or  are  employed  for  the  purpose  of  furnishing  arsenicom.  la 
order  to  obtain  the  metal,  the  sublimed  sesquioxide  is  powdered, 
mixed  with  charcoal,  or  with  twice  its  weight  of  black  flux,  and 
heated  in  an  earthen  crucible,  upon  the  top  of  which  a  second 
inverted  crucible  is  luted,  and  screened  from  the  fire  by  means  of 
a  perforated  iron  plate.  The  reduced  metal  is  condensed  in  the 
upper  crucible. 

Properties. — Metallic   arsenic,  or  arsenicum,  has  a  brilliant} 
dark  steel-grey  lustre ;  it  is  very  brittle,  and  is  easily  reduced  to 
powder.     When  heated  to  356°  (180®  C.)  in  closed   Tessels,  it 
begins  to  volatilize  without  fusing,  and  crystallizes  indistinctly,  ai 
it  is  condensed,  in  rhombohedra,  which  are  isomorphous  with  those 
of  antimony.     Its  vapour  is  colourless,  and  possesses  a  powerfiil, 
oppressive,  alliaceous  odour.     The  metal  may  be  exposed  to  a  diy 
air  without  imdergoing  change  :  when  exposed  in  a  moist  state 
to  the  air  it  is  slowly  oxidized,  and  a  substance  known  as  jlf- 
powder  is  formed ;  it  is  probably  a  mixture  of  arsenious  sesqui- 
oxide and  arsenicum,  though  it  is  regarded  by  some  chemists  as 
a  suboxide.     If  the  metal  be  heated  in  open  vessels  it  absoriw 
oxygen,  bums  with  a  lurid  bluish  flame,  and  is  converted  into 
arsenious  anhydride,  which  is  condensed  as  a  white,  mealy  powder, 
upon  cool  bodies  in  the  neighbourhood.     When  thrown  in  6ne 
powder  into  chlorine  gas  it  takes  fire  spontaneously,  and  is  con- 
verted into  arsenious  chloride.     Bromine,  iodine^  and  sulphor 
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ilso  combine  readily  with  arsenicum  when  aided  by  a  gentle 
heat.  Nitric  acid  easily  oxidizes  the  metal,  and  converts  it  into 
arsenic  acid  :  if  deflagrated  with  nitre,  it  is  converted  into  potassic 
arseniate.  Hydrochloric  acid  exerts  but  little  action  on  the  metal, 
but  if  the  hydrochloric  be  mixed  with  nitric  add,  or  with  potassic 
chlorate,  the  metal  is  rapidly  converted  into  arsenic  acid. 

A  small  quantity  of  arsenic  is  added  to  lead  to  facilitate  its 
assuming  the  globular  form  in  the  manufacture  of  shot.  In  the 
form  of  arsenious  sesquioxide  it  is  extensively  used  in  the  prepara- 
tion of  green  and  yellow  pigments ;  it  is  likewise  employed  to 
prevent  smut  in  grain,  but  the  practice  is  to  be  reprobated ;  it  is 
also  used  in  the  manufacture  of  flint  glass  as  an  oxidizing  agent, 
tor  converting  the  ferrous  oxide  into  ferric  oxide,  in  order  to  get 
rid  of  the  green  tinge  which  ferrous  oxide  communicates  to  the 
vitreous  mass.  Its  employment  as  a  poison  for  vermin  has  often 
been  made  a  pretext  for  procuring  it  for  criminal  purposes. 

Oxides  op  Arsenic — ^These  are  two  in  number :  the  sesqui- 
oxide or  arsenious  anhydride,  As^^O,,  and  arsenic  anhydride, 
Asj^Og ;  both  have  acid  properties,  no  basic  oxide  being  known. 

(840)  Arsenums  acid,  Arsenious  sesquioxide,  or  Arsenious  an- 
hydride  {As fi^=igS);  Sp.  Gr.  ofvapour,iyS^;  Comp.in  loo parts, 


Ab>  7575 i  0>  24*25;  MoL  Vol  {Asjd^^=\  ^  [^;  ReL  wt.  198. 
— ^This  compoimd  is  the  while  arsenic  of  the  shops.  It  is  pre- 
pared upon  the  large  scale  during  the  roasting  of  arsenical  ores 
in  the  manner  already  described.  It  exists  in  two  modifications, 
a  vitreous  and  a  crystalline  form.  When  purified  by  resublima- 
tion  and  fireshly  obtained,  it  is  in  semi-transparent,  vitreous, 
lamellated  masses ;  but  by  exposure  to  the  air,  it  gradually  be- 
comes opaque,  and  of  a  yellowish- white  colour.  This  change 
advances  slowly,  from  the  exterior  towards  the  interior,  so  that  the 
mass  is  often  opaque  at  the  surface  whilst  it  remains  transparent 
in  the  centre.  Both  varieties  of  arsenious  anhydride  are  freely 
soluble  in  hot  hydrochloric  acid ;  when  this  solution  is  boiled,  a 
portion  of  the  arsenic  is  volatilized  in  the  form  of  trichloride  ;  as 
the  liquid  cools  the  excess  crystallizes  in  transparent  anhydrous 
octohedra,  consisting  of  uncombined  arsenious  sesquioxide ;  but 
when  the  transparent  variety  has  been  employed,  the  formation 
of  each  crystal  is  marked  by  the  emission  of  a  flash  of  light 
which  is  perceptible  in  a  darkened  room.  The  opaque  variety 
exhibits  no  such  phenomenon  in  crystallizing  from  its  solution. 


*  The  molecular  volume  of  thiR  body  is  anomalous,  the  density  of  its  vapour 
being  double  of  that  which  might  from  analogy  have  been  expected. 

II.  .  V  V 
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A  hot  solution  of  ammonia  also  dissolves  white  arsenic  fineely^  and 
deposits  it  in  anhydrous  octohedra  of  the  nncombined  aesquioxide 
on  coolings  mixed  with  prismatic  crystals  of  ammonic  arsenitei 
H^N,As03  (Bloxam ;  Joum,  Chem.  Soc.  1862,  297).  Ghiiboiirt 
foimd  the  opaque  variety  to  have  a  specific  gravity  of  3*699 ;  it 
is  less  dense  than  the  transparent  form^  the  specific  gravity  of 
which  he  states  to  be  37385.  The  two  varieties  also  differ  in 
their  solubility:  according  to  Bussy^  water  dissolves  nearly  three 
times  as  much  of  the  transparent  as  of  the  opaque  form.  A  odd 
saturated  solution  of  the  vitreous  variety  gradually  depoaita  iti 
excess  in  the  form  of  the  opaque  anhydride,  and  retains  between 
2  and  3  per  cent,  in  solution ;  the  liquid  reddens  litmus.  Mere 
grinding  to  a  fine  powder  converts  the  transparent  into  the  opaque 
variety,  and  reduces  its  solubility.  Heat,  however,  gradually  re- 
converts the  opaque  into  the  vitreous  modification,  so  that  long- 
continued  boiling  renders  the  opaque  as  soluble  as  the  yitreont 
form.  It  is  therefore  difficult  to  state  the  precise  degree  of  solu- 
bility of  either  form  of  the  compound,  because  the  two  varietieB 
are  liable  to  be  formed  in  varying  proportion  in  the  course  of  ta 
experiment.  The  largest  proportion  which  water  will  dissolve  it 
the  boiling-point  is  between  11  and  12  per  cent.  Both  nitric 
acid  and  aqua  regia  diissolve  the  sesquioxide,  and  convert  it  into 
arsenic  acid. 

Arsenious  sesquioxide,  when  heated  to  about  380**  (i  93^*3  C.), 
softens  and  is  sublimed  without  fusing,  being  condensed  in  trans- 
parent octohedra  upon  warm  surfaces,  but  it  occasionally  forms  long 
prismatic  needles,  isomorphous  with  those  of  antimonious  oxide 
(SbjOg).  Its  vapour  is  without  odour ;  it  is  colourless,  and  con- 
tains I  volume  of  vapour  of  arsenic  and  3  voliunes  of  oxygen, 
condensed  into  i  volume. 

Arseniies. — Arsenious  acid  is  soluble  in  solutions  of  the  alkalies 
and  of  their  carbonates:  with  potassium  and  sodium  it  forma  soIuUe 
compounds  which  do  not  crystallize.  Its  acid  properties  are  feeUy 
marked,  but  it  appears  to  be  tribasic,  the  most  usual  formula  of 
its  salts  being  M^jAsO,  (Bloxam).  A  solution  of  tr^iamc 
arsenite  has  been  used  medicinally  for  many  years  under  the  name 
of  Fowler^s  solution.  The  arsenites  of  the  metals  of  the  earths 
(particularly  tricalcic  diarsenite)  are  nearly  insoluble  in  water,  but 
are  readily  dissolved  by  acids.  Hydrocvpric  arsenite  (CuHAsOj) 
is,  in  a  commercial  point  of  view,  the  most  important  of  these 
salts  ]  it  is  of  a  delicate'  and  beautiful  green  colour,  constituting 
the  pigment  sold  under  the  name  of  Scheel^s  green.  It  is  pre- 
pared by  dissolving  i  part  of  arsenious  anhydride  and  3  parts  of 
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potassic  carbonate  in  14  of  water^  and  adding  the  liqnid  to  a  boil* 
nig  solution   of  3  parts   of  cupric  sulphate  in  40  of  water ;  the 
shade  of  green  may  be  varied  by  altering  the  proportion  of  arse-* 
nious  anhydride.     This  compound  is  a  dangerous  poison.     It  is 
Mluble  in  acids   and  in  ammonia.     When  heated  it  is  partially 
decomposed^  and  arsenious  anhydride  sublimes.    The  Schweif^furt 
green,  which  is  also  used  largely  as  a  pigment^  is  a  cupric  arsenite 
and  acetate  (3CuAs20^Cu2C2H302)^  made  by  mixing  equal  parts 
of  arsenious  anhydride  and  cupric  acetate^  in  solution  at  a  boiling 
temperature^  adding  an  equal  bulk  of  cold  water^  and  allowing 
the    mixture   to    stand   for   some    days.     Triargentic    arsenite 
(AggAsOg)  is  of  a  canary-yellow  colour ;.  it  is  obtained  by  the 
addition  of  a  solution  of  argentic  nitrate*  to  one   of  tripotassic 
arsenite.    If  a  slip  of  bright  copper  foil  be  introduced  into  a  solu- 
tion of  arsenious  acid  m  hydrochloric  acid^  a  grey  film  of  reduced 
arsenicum  is  deposited  on  the  copper ;  if  zinc  be  substituted  for 
copper,  arseniuretted  hydrogen  is  evcrived  (845,  846).     Arsenious 
acid  in  solution  may  readily  be  conyerted  into  arsenic  acid  by 
acidulating  the  liquid  with  hydrochloric  acid;,  warming  it,  and 
gradually  adding  potassic  chlorate  in  small  quantfties.    Arsenious 
acid  is  indeedapowerfid  reducing  agent;  its  solution  in  hydrochloric 
acid  reduces  auric  chloride  ;  it  bleaches  potassic  pemnanganate,  and 
reduces  potassic  anhydro-chromate  to  a  chromic  sesquisalt. 

If  a  solution  of  arsenious  acid  in  sodic  carbonate  be  mixed 
with  a  little  starch,  and  a  solution  of  iodine  or  of  chlorine  be 
added  till  the  starch  turns  blue,  the  arsenious  is  converted  into 
arsenic  acid ;  this  reaction  forms  the  basis  of  a  volumetric  pro- 
cess for  the  determination  of  iodine  and  chlorine  in  solution. 

K  a  minute  fragment  of  arsenious  sesquioxide  be  heated  with 
a  similar  portion  of  sodic  acetate*  in  a  small  test-tube,  the  charac- 
teristic and  peculiarly  offensive  odour  of  KakodyV  is  perceived. 

(841)  Arsenic  anhydride,  or  Arsenic  acid  (AsjjO^=23o) ;  Comp. 
in  100  parts,  As,  65*22  ;  O,  34*78. — This  compound  is  obtained 
by  treating  arsenious  sesquioxide  with  nitric  acid  in  slight  excess, 
and  then  boiling  down  to  dryness  in  a  platinum  vessel.  A  white, 
somewhat  deliquescent  mass  of  arsenic  anhydride  remains  :  by 
slow  evaporation  of  its  solution  ajrsenic  acid  may  be  obtained  in 
hydrated  crystals. 

E.  Kopp  (Jnn.  de  Ckimie,  III.  xlviiii  ro6)  foand,  when  operating  on  a  large 
scale,  that  if  a  concentrated  solution  of  the  acid  was  stirred  briiikly  at  a  tempera- 
ture not  exceeding  59^  (15^  C),  a  semi-liquid  mass  was  oflen  obtained,  filled 
with  elongated  prisms  or  rhomboidal  plates  (As,0,4H,0) :  they  are  extremely  de* 
hqueacent ;  when  heated  to  100"  C.  they  become  liquid,  lose  water,  and  gradually 
deposit  a  white  creamy  mass,  oonsisting  of  small  needles,  which,  when  dried  by 
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preMure  between  folds  of  filtering-paper,  were  found  to  ecmmt  of  (Ai^O^jH/l, 
or  H,AsOJ.  In  order  to  obtain  the  hydrate  (Ae,0.,2H,0,  or  H^A^OA  Ka^ 
evaporated  at  a  temperature  ranging  between  284^  and  356**  (140*  and  180'C); 
if  a  very  conoentrated  Bolntion  of  this  ao-called  hydrate  be  kept  fiir  aoiDe  time  it 
392""  (200''  C),  and  then  be  gradually  rai^d  to  402''-8  (206^  C.)  the  liquid  ni- 
d«iily  boila  up,  becomes  pasty,  and  is  converted  uto  a  pearlj  meat  of  dndif 
whiteness,  consisting  of  (As,0,,H,0,  or  HAsOJ,  which  it  is  difficult  to  oUm 
firee  from  the  anhydride.  At  a  temperature  bebw  redness  it  beoomea  anhydiw; 
all  these  different  forms  when  dissolved  in  water,  reprodaoe  e  liquid  fike  the 
original  solution.  In  preparing  arsenic  add,  Kopp  empbjrs  300  kilGi^  of  aim 
acid,  sp.  gr.  i'35«  to  400  kilos,  of  arsenious  sesquioude,  and  bjr  adding  tb 
nitric  acid  gradually,  no  application  of  artificial  heat  is  neoeaaary.  No  stfeaqti 
to  procure  the  dibasic  and  monobasic  forms  of  arsenic  add  have  hitherte  Im 
successful ;  indeed  I  find  that  it  forms  but  a  single  stable  hydrate,  the  io-«iU 
dikydraie  (H^As^O,,  or  2H,0,4s,0J,  and  this  is  obtained  whether  the  solalin 
be  evaporated  over  sulphuric  acid  at  the  ordinary  temperature,  or  in  the  opn  sir 
at  any  temperature  not  exceeding  302^  (150^  C):  in  this  waj  hard  Mfint 
prisms  of  the  dihydrate  are  procured ;  at  a  temperature  of  500*  (260**  C.)  that 
become  anhydrous,  and  finally,  if  the  mass  be  suddenly  heated  to  ndam,  it 
foses,  and  becomes  decomposed  into  arsenious  sesquiozide  and  oxygen. 

If  a  current  of  sulphurous  acid  be  transmitted  throng  t 
solution  of  arsenic  acid  it  is  slowly  reduced  to  the  state  of  arMoioM 
acid^  whilst  sulphuric  acid  is  formed^  H^AsO^-f  H^SO^  tMynming 
H3ASO3  -f  H^SO^.  Arsenic  acid  has  recently  been  employed  in 
calico-printing  to  some  extent  as  a  substitute  for  tartaric  and 
phosphoric  acids^  but  its  employment  is  dangerous  if  the  wMte 
products  are  allowed  to  run  into  the  streams.  Its  chief  consiin^ 
tion  is  in  the  preparation  of  magenta  dye  from  aniline. 

Arseniates. — ^The  arsenic  is  a  powerful  tribajsic  acid^  ezpdiinf 
the  volatile  acids  from  their  combinations^  and  decomposing  the 
carbonates  with  effiervescenoe.     The  salts  of  this  acid  have  the 
general  formula  M^^AsO^  and  of  the  3  atoms  of  its  basic  hydio- 
gen^  i^  2^  or  j^  may  consist  of  a  metal.     It  forms  a  series  cf 
soluble  crystallizable  salts  with  the  alkali-metals^  which  present 
considerable  interest^  as  they  are  isomorphous  with  the  tribaoc 
phosphates.     Hydrodisodic  arseniate^  the  commercial  anemaU  ^ 
soila,  is  a  manu&ctured  product  of  considerable  importance.    It 
is  best  obtained  by  saturating  arsenious  anhydride  with  crude 
soda-ash^  and  deflagrating  the  dry  residue  in  a  rererbentQiy 
furnace  with  a  suitable  proportion  of  sodic  nitrate.     By  adding 
caustic    soda    in    excess   to    arsenic    acid^  an    efiSorescent  sdt 
(NajAsO^iaHgO)  may  be  obtained  on  evaporation,  crystallind 
in  prismatic  needles.     If  to  a  hot  solution  of  arsenic  acid,  sodie 
carbonate  be  added  till  efiervescence  ceases,  the  salt  which  is  ol^ 
tained  on  evaporation  (Na^HAsO^isHjO)  corresponds  in  form 
and  composition  to  the  rhombic  hydrodisodic  phosphate,  thoagh 
more  usually  it  crystallizes  with  7HgO ;  and  by  adding  to  t 
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solution  of  this  compound  a  quantity  of  arsenic  acid  equal  to  that 
which  it  contains^  a  deliquescent  salt  (NaHgAsO^HjO)  is  pro- 
cured, which  crystallizes  with  difficulty.  The  corresponding 
potassio-dihydric  arseniate  crystallizes  in  bold  brilliant  octohedral 
crystals  (KHgAsOJ  :  it  is  readily  prepared  by  deflagrating  equal 
parts  of  arsenious  anhydride  and  nitre,  then  dissolving  the  residue 
in  water,  and  allowing  it  to  crystallize.  All  these  salts  may  be 
rendered  anhydrous  by  heat,  but  when  redissolved,  they  recover 
their  basic  water.  An  ammonio-magnesic  arseniate  (H^NMgAsO^^ 
6Hfi)  may  be  procured  in  the  form  of  prismatic  crystals  isomor- 
phous  with  those  of  the  corresponding  phosphate,  by  mixing  a 
solution  of  magnesic  sal|Aate  containing  an  excess  of  ammonia 
with  a  neutral  or  ammoniacal  solution  of  an  arseniate  of  one  of  the 
alkali-metals:  it  is  sometimes  used  as  a  precipitant  for  arsenic  acid ; 
it  is  very  sparingly  soluble  in  weak  ammoniacal  solutions ;  when 
dried  at  loo^C.  2  atoms  of  the  salt  lose  11  H3O,  and  the  residue 
contains  60*52  parts  of  arsenic  anhydride.  A  brick-red  triargentic 
arseniate  (AgjAsOJ  is  precipitated  when  any  arseniate  in  solution 
is  mixed  with  a  solution  of  argentic  nitrate :  it  is  readily  soluble 
in  excess  either  of  nitric  acid  or  of  ammonia,  and  is  characteristic 
as  a  test  of  arsenic  acid.  Hydrocupric  arseniate  (CuHAsOJ 
is  of  a  pale  greenish-blue  colour;  the  tricalcic  and  triplumbic 
diarseniates  are  white ;  whilst  ferric  and  uranic  salts  give  yellowish 
white  arseniates :  all  these  are  readily  soluble  in  excess  of  diluted 
nitric  acid. 

(842)  Sulphides  of  Absenic. — Arsenicum  and  sulphur  may  be 
melted  together  in  all  proportions ;  but  they  form  several  well- 
defined  compounds :  of  these,  the  most  important  are  realgar, 
ASj^Sg ;  the  sesquisulphide,  or  orpiment,  As^S^ ;  and  the  diarsenic 
pentasulphide,  Asj^s* 

Beal^ar  (Ab,S,  =  214);  8p,  Or^  3-356.— Thi»  sobfltaiiM  is  oocasionallj 
found  native  in  ruby-red  priamatio  crysfcali ;  it  may  be  prepared  artificially,  by 
heating  together  9  parte  of  arsenicum  and  4  of  sulphur,  or  198  parte  of  arsenioua 
anhydride  with  112  of  sulphur;  2As,0,+ 78  =  2As,Sy-f  3S0^  When  heated 
in  dosed  vessels,  realgar  melts,  and  aflerwardis  is  sublimed  without  decomposition. 
The  sublimed  mass  is  hard,  brittle,  transparent,  and  of  a  beautifiil  red  colour. 
Bealgar  is  insoluble  in  water :  it  is  readily  attacked  by  nitric  acid  and  by  aqua 
regia,  but  not  by  hydrochloric  acid ;  potassic  disulphide  dissolves  it  and  forma  a 
double  sulphide.  Caustic  potash  decomposes  it,  learing  a  brown  arsenical  sub- 
Bulphide  (As^,S)  undisnoWed.  Bealgar  is  one  of  the  ingredients  of  white  Indian 
Jire,  which  is  often  used  as  a  signal  light:  it  is  composed  of  a  mixture  of  7  parts 
of  sulphur,  2  of  realgar,  and  24  of  nitre. 

Arsenious  sesquisulphide,  or  Orpiment  (As2S,=^246) ;  8p.  Or. 
3*48 ;  Comp,  in  100  parts,  As,  60-98  ;  S,  39-02.— Orpiment  {auri 
pigmentum,  so  called  from  its  golden-yellow  colour)  is  occasionally 
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found  native  in  crystals  which  have  the  same  fonn  as  those  of 
realgar — ^viz.,  the  oblique  rhombic  prism :  these  crystals  are  flexi- 
ble ;  they  have  a  yellow  colour  and  a  brilliant  lustre.  It  may 
be  prepared  artificially  by  transnutting  a  current  of  aalplmretted 
hydrogen  through  a  solution  of  arsenious  acid,  or  of  any  of  llie 
arsenites,  in  hydrochloric  acid ;  it  then  falls  as  a  brilliant  yeUov 
amorphous  powder.  If  the  solution  be  very  dilute^  part  of  the 
sesquisulphide  is  retained  in  solution,  formii^  a  yellow  liquid; 
by  exposure  to  the  air  the  excess  of  sulphuretted  hydrogen 
escapes,  and  the  sesquisulphide  is  gradually  And  completely  de* 
posited. 

Orpiment  is  insoluble  in  water  and  in  dilute  acids,  but  it  is 
decomposed  by  nitric  acid  and  by  aqua  regia.  It  fuses  easily,  and 
when  heated  in  air  bums  with  a  pale  blue  flame.  In  closed  Tcssels 
it  may  be  sublimed  without  undergoing  decomposition.  AiriTnaiiU 
and  the  fixed  alkalies  dissolve  it,  and  form  colourless  solutioiu 
containing  an  alkaline  arsenite  and  sulpharsenite.  The  am- 
moniacal  solution  is  someiimes  used  for  dyeing  yellow,  since  bj 
exposure  to  air  the  ammonia  evaporates,  leaving  the  yellow  sesqui- 
sulphide firmly  adherent  to  the  fibre.  Orpiment  is  also  soluble 
in  solution  of  ammonic  sesquicarbonate.  This  sesquisulphide  ii 
a  feeble  sulphur-acid,  so  that  ammonic  sulphide  and  the  sul- 
phides of  the  alkali-metals  in  solution  dissolve  it  easily,  and  fona 
double  sulphides,  which  are  decomposed  on  the  addition  ol  an 
acid.  Orpiment  is  the  colouring  ingredient  in  the  pigment  calkd 
King's  yellow,  which  is  a  mixture  of  arsenious  sesquioxide  with 
this  sulphide. 

Diarsenio  pewtasulphide  (Asfi^ss^io  ;  Cen^.  in  xoo  parU,  As,  48*391 
S,  5^'^^)  corresponds  in  composition  to  arsenic  anhydride.  When  a  stream  of 
salpharetted  hydrogen  is  transmitted  through  a  solation  of  arsenic  acid,  a  yeDow 
precipitate,  resemhling  orpiment  in  appearance,  and  consisting  of  a  mixture  of 
orpiment  and  sulphor,  is  very  gradaaUy  separated  (Rose).  But  by  decomposiDg 
a  dilate  aqueous  solution  of  the  sulphosalt  (Ni^AsS4),  by  the  addition  of  an  aeid, 
a  bright  yellow  precipitate  of  As^S^  is  obtained.  Upon  the  application  of  heat»  this 
sulphide  fuses  into  a  dark  liquid,  and  forms  a  reddish-yellow  glassy  aubstance  it 
it  cools ;  it  may  be  sublimed  in  dosed  Tessels.  I(  is  soluble  in  the  oaostifi 
alkalies,  decomposes  the  carbonates  with  effervescence  if  boiled  with  their  sohi* 
tions,  and  forms  xsrystallizaUe  compounds  with  the  sulphides  of  the  metsla  of  the 
alkalies  and  alkaline  earths.  The  trisodic  snlpharseniate  may  be  prooared  by 
saturating  a  solution  of  10  parts  of  soda  (neckoned  as  Na^O)  with  sulphoretied 
hydrogen,  adding  an  equal  quantity  of  soda,  and  then  dissolving  26  parts  of 
orpiment  and  7  of  sulphur  in  the  liquid  by  the  aid  of  heat ;  on  evaporation,  the 
sodium-saLt  is  obtained  in  pale  yellow  crystals.  The  sulphur-salt  of  potaasium 
(2K,S,As,SJ  may  be  made  by  transmitting  sulphuretted  hydrogen  through  the 
solution  of  the  hydrodipotassic  arseniate.  YHien  an  aqueous  solution  of  this 
sulphur-salt  of  arsenic  is  mixed  with  alcohol,  it  undergoes  decompositioa,  and  by 
evaporating  the  alcoholic  solution,  after  separating  the  inaolubla  portkn  bj  fi^ 
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tetion,  a  still  higher  sulphide  (AsS,)  was  obtained  by  Berzelins,  in  brilliant 
yellow  crystallioe  scales. 

(843)  CoMPoiTNDS  OP  Absenicum  WITH  Hydbooen. — Arsenic 
forms  two  combinations  with  hydrogen ;  one  of  these  (As^Hj  ?) 
is  solid  at  ordinary  temperatures,  and  of  a  chestnut-brown  colour ; 
it  is  obtained  by  employing  n  plate  of  arsenicum  as  the  platinode 
during  the  voltaic  decomposition  of  acidulated  water*  The  oth^r 
is  a  gaseoBS  body  (H^As)  of  considerable  importance ;  it  corre- 
sponds in  composition  to  the  gaseous  phosphuretted  hydrogen. 

Trihydride  of  arsenic^  Arseniuretted  hydrogen  (HjAs=78); 
Bel.  wt.  39;  Theoretic  Sp.  Gr,  2*645,  Observed,  2'695;  MoL 
vol,      ^    [ — ^This  remarkable  gaseous  compound  is  an  exceedingly 


poisonous  body ;  it  is  colourless,  and  has  a  foetid  alliaceous  odour ; 
it  is  sparingly  soluble  in  water,  and  possesses  neither  acid  nor 
alkaline  qualities.     It   consists    of  half   a  volume   of   arsenical 
vapour  and  3  volumes  of  hydrogen  condensed  into  z  volumes. 
The  composition  of  the  gas  may  be  thus  represented — 

B7  weight.  By  T<diime.  Sp.  gr. 

Arsenic         As      =      75  or  96*15     0*5  or  0*25      =      2*5417 
Hydrogen     H,      =       3  3-85     3*0        1*5        =     0-1036 

AsH,     =     78      100*00       a       I'o        =     2*6453 

By  a  temperature  of  —40^  it  is  reducible  to  a  limpid  colour- 
less liquid,  which  remains  liquid  at  —166®  (-^iio®  CL),  Ar- 
seniuretted hydrogen  is  inflammable,  and  bums  with  a  bluish- 
white  flame,  which  deposits  arsenicum  upon  cold  bodies  intro- 
duced within  it,  and  arsenious  anhydride  upon  those  held  above. 
It  is  also  decomposed  when  caused  to  pass  through  tubes  heated 
to  a  temperature  a  little  short  of  redness,  arsenicum  being  de- 
posited as  a  steel-grey  crust,  whilst  hydrogen  gas  escapes :  if  a 
current  of  dry  sulphuretted  hydrogen  be  transmitted  over  the 
heated  crust  a  yellow  sublimate  of  orpiment  is  formed,  which  is 
not  acted  on  by  a  current  of  dry  hydrochloric  acid  gas.  These 
reactions  distinguish  the  arsenical  from  the  antimonial  crust, 
which  by  similar  treatment  gives  a  dark  orange-coloured  sul- 
phide decomposable  by  a  current  c^  dry  hydrochloric  acid  gas. 
Chlorine  decomposes  arseniuretted  hydrogen  with  flame,  forming 
hydrochloric  acid,  and  causing  the  deposition  of  a  solid  brown 
arsenical  hydride.  Concentrated  nitric  acid  also  absorbs  the  gas 
completely,  whilst  arsenic  acid  is  formed.  The  gas  ia  entirely 
absorbed  by  b  solution  of  cupric  sulphate,  sulphuric  acid  being 
liberated,  whilst  arsenide  of  copper  is  precipitated.  Argentic 
nitrate  is  also  decomposed  by  arseniuretted  hydrogen,  arsenic  acid 
being   farmed   while  silver  ia   precipitated;   AsHj+SAgNOj-h 
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4Hj,0=8HNOg+HjA80^+4Ag5.  In  the  application  of  Marsh's 
test  (p.  668)  the  presence  of  a  small  quantity  of  nitric  acid  prevents 
the  formation  of  gaseous  hydride^  and  causes  the  deposition  of 
the  solid  hydrate.  Solution  of  corrosive  sublimate  likewise  dis- 
solves the  gas  completely,  a  compound  of  calomel  and  arsenide 
of  mercury  being  formed.  It  is  also  largely  absorbed  by  oil  of 
turpentine,  with  which  it  forms  a  crystalline  compound. 

Pure  arseniuretted  hydrogen  may  be  prepared  by  decomposing 
with  sulphuric  acid  diluted  with  three  parts  of  water,  an  arsenide 
of  zinc,  obtained  by  heating  equal  weights  of  powdered  arsenicom 
and  granulated  zinc  in  an  earthen  retort ;  the  fused  mass  is  re- 
moved by  breaking  the  retort,  and  is  subsequently  powdered. 
The  greatest  care  is  required  not  to  inhale  any  portion  of  this 
deadly  gas. 

(844)  Arsenious  Chloride,  or  Trichloride  of  arsenic  (AsCl, 
=  i8i*5) ;  Bel.  wt.  9075;  Sp.  Gr.  of  vapour,  6*3  ;  of  liquid  at  32^ 
(0°  C),  2205 ;  Boiling-pt.  273^*2  (134°  C.) ;  MoL  vol.  \    ,    j. — Only 


one  compound  of  arsenic  with  chlorine  is  known.  It  is  produced 
either  by  the  combustion  of  the  metal  in  chlorine,  or  by  distilling 
a  mixture  of  i  part  of  arsenicum  and  6  parts  of  corrosive  sub- 
limate, or  still  more  easily  by  heating  arsenious  anhydride  in  a 
current  of  dry  chlorine  gas :  it  condenses  as  a  heavy,  colourless, 
oily- looking  liquid,  which  remains  liquid  at  —20°' 2  (  —  29^  C.) ;  it 
fiimes  when  exposed  to  the  air,  and  is  immediately  decomposed  by 
water  into  arsenious  and  hydrochloric  acids. 

Arsenious  Iodide,  or  Tri^iodide  of  anenic  (AbI,  =  456;  Sp.  Chr.qf  va- 
pour, j6-i  ;  qf  solid,  4*39  ;  MoL  Vol.  I    !    {;  Bel.  wt.  228),  may  be  prepared 


by  sabliming  a  mixture  of  3  parts  of  iodine  and  i  part  of  the  metal  in  a  flask ; 
it  forms  brick-red  brilliant  flakes.  It  may  also  be  obtained  by  digesting  3  ports 
of  powdered  arsenicum  and  10  of  iodine  in  100  of  water;  on  evaporation  the 
clear  liquid  yields  red  hydrated  eiystals,  which  become  anhydrous  when  heated 
to  their  fusing-point :  it  is  soluble  in  alcohoL 

A  tribromide  may  be  formed  by  analogous  means ;  it  is  a  crystalline  solid  at 
all  temperatures  below  68*  (20**  C),  of  sp.  gr.  y66;  it  boils  at  428**  (220**  C.) 

The  irifluaride  may  be  prepared  by  distilling  5  parts  of  fluor-spar,  mixed 
with  4  of  arsenious  anhydride  and  10  of  concentrated  sulphuric  acid.  It  is  a 
fuming  colourless  liquid,  which  corrodes  glass  rapidly,  and  is  decomposed  by 
water. 

(845)  Characters  op  the  Compounds  op  Arsenic — Arseni- 
cum forms,  with  most  of  the  metals,  alloys  which  are  generally 
brittle  and  easily  fusible.  The  compounds  of  this  metal  are  all 
highly  poisonous  i*  the  substance  which  has  the  best  claim  to  be 


*  For  a  singular  statement  respecting  the  arsenic  eaters  of  Styria,  the  reader 
is  referred  to  a  paper  by  Mr.  Heisch,  in  the  PkarmaceiUical  Journal  for  May, 
1860,^.556. 
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considered  as  an  antidote  to  it^  is  the  fireshly-precipitated  Iiydrated 
ferric  oxide^  which  should  be  suspended  in  water^  and  given  fireely, 
as  early  as  possible  after  the  poison  has  been  swallowed.  It  is  only 
applicable  when  arsenic  or  arsenious  acids  have  been  taken  nn- 
combined  with  bases,  as  it  forms  an  insoluble  ferric  arseniate ;  the 
arsenious  acid  being  partially  oxidized  by  the  excess  of  hydrated 
sesquioxide,  which  is  thereby  reduced  to  the  form  of  ferrous  oxide. 
Calcined  magnesia  may  be  used  if  the  ferric  oxide  be  not  at  hand. 
In  cases  of  arsenical  poisoning,  putrefaction  of  the  body  after 
death  is  retarded  in  a  remarkable  degree ;  indeed,  in  various  in- 
stances where  the  body  has  been  disinterred  several  months  after 
death,  it  has  been  found  to  have  been  sufficiently  preserved  from 
de6ay,  to  allow  many  of  the  principal  viscera  to  be  distinguished. 
In  these  cases,  it  has  not  unfrequently  happened  that  yellow 
patches  of  orpiment  have  been  observed  in  various  parts  of  the 
alimentary  canal,  although  it  has  been  ascertained  that  the  poison 
had  been  swallowed  in  the  form  of  white  arsenic.  These  patches 
of  orpiment  are  occasioned  by  the  disengagement  of  sulphuretted 
hydrogen  from  the  decomposition  of  the  tissues,  by  which  the 
arsenious  sesquioxide  becomes  partially  converted  into  the  sesqui- 
snlphide. 

Arsenic  can  be  identified  in  quantities  so  minute,  as  to  be  in- 
appreciable by  the  balance.  In  minerals  which  contain  it,  its 
presence  is  revealed  by  the  peculiar  garlic  odour  which  it  emits 
when  a  fragment  is  heated  in  the  reducing  flame  with  sodic  car- 
bonate on  charcoal,  before  the  blowpipe.  When  in  solution,  the 
compounds  of  arsenic  may  be  detected  by  transmitting  through 
the  solution,  acidulated  with  hydrochloric  acid,  a  stream  of  «ti/- 
pAuretted hydrogen  for  six  hours;  aydlow  precipitate  is  thus  pro- 
duced, which  must  be  further  examined  as  follows :  the  liquid 
must  be  exposed  to  a  temperature  of  about  104^  (40^  C),  in  a 
shallow  vessel  for  six  hours>  to  allow  the  gas  to  escape,  and  the 
precipitate  to  subside  completely ;  the  clear  liquid  must  be  de- 
canted, and  the  precipitate  collected  on  a  small  filter.  A  few 
drops  of  ammonia  will  dissolve  it,  and  on  evaporating  this  solution 
in  a  watch-glass  by  means  of  a  water-bath,  the  arsenious  sesqui- 
sulphide  will  be  left.  This  substance  is  then  subjected  to  the  pro- 
cess of  reduction,  by  mixing  it  with  three  times  its  bidk  of  black 
flux,^  or  with  a  mixture  of  i  part  of  potassic  cyanide  and  3  parts 
of  sodic  carbonate,  previously  well  dried^  and  introducing  it  into 


^  A  mixture  of  potawio  carbonate  tnd  duurooel  obtained  by  deflagrating 
equal  weights  of  cream  of  tartar  and  nitre  in  a  red-hot  earthen  craoible. 
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a  glass  tube  of  the  diameter  of  a  common  quills  care  being  taikn 
not  to  soil  the  sides  of  the  tube.  The  mixture  is  heated  stxon^ 
by  the  blowpipe,  and  the  arsenicum  is  condensed  as  a  brilliaBt 
mirror-like  ring  of  8teel-,gre7  lustre  in  the  upper  part  of  the  tube. 
The  reaction  which  occurs  when  black  flux  is  used,  masj  be 
represented  as  follows^  aA«jS,+6K|CO,n|.6C=As^+6K^+6C0 
+6C0g. 

Cadmic  sulphide  gi^eB  a  yellow  precipitate  with  snlplmietted 
hydrogen,  but  it  is  insohible  in  ammoma :  stannic  salts  also  pn 
a  yellow  precipitate  with  sulphuretted  hydrogen,  but  no  metaUk 
sublimate  when  they  are  submitted  to  the  process  of  redmctum. 

In  addition  to  the  preceding  tests,  arsenious  acid  maybe 
readily  detected  in  a  neutral  scdution,  by  the  production  of  t 
yellow  precipitate  with  ammonia-nitrate  of  silver.  This  resgent 
is  prepared  by  adding  ammonia  to  a  solution  of  argentic  nitnte 
in  very  slight  excess,  so  as  nearly,  but  not  entirely,  to  redivdfe 
the  precipitate  of  argentic  oxide  which  is  at  first  formed:  the 
clear  liquid  is  decanted  for  use.  The  yellow  precipitate  is  tri- 
argentic  arsenite,  which  is  freely  -soluble  both  in  ammonia  and  in 
nitric  acid.  As,  however,  the  tribasic  phosphates  ^ve  a  yellow 
precipitate  with  ammonia-nitrajlie  of  silver,  and  this  predpitale 
also  is  soluble  both  in  nitric  add  and  ammonia,  a  second  tett 
should  be  tried — ^viz.,  the  ammonia-mUphate  of  copper,  whidi  ii 
prepared  from  a  solution  pf  cupric  sulphate,  by  the  addition  of 
ammonia,  with  the  same  precautions  as  those  prescribed  for  the 
preparation  of  the  silver  test.  In  neutral  solutions  containing  an 
arsenite,  this  eopper  test  occasions  a  green  precipitate  consirtiDg 
of  hydrocupric  arsenite :  it  is  sokible  both  in  ammonia  and  ia 
acids.  The  arsenites  of  silver  andcopper  are  formed  immediately 
that  the  tests  are  added ;  the  sulphide  of  arsenic  does  not  ap* 
pear  at  first  if  the  metal  be  present  as  arsenic  acid;  as  the  ccsn- 
poimds  of  arsenic  acid  are  decomposed  by  hydvosulphuric  add 
more  slowly  than  those  of  any  other  metal  which  is  precipitaUe 
by  this  reagent. 

(846)  Search  for  Arsenic  in  Organic  Itiatttres. — In  the  greater 
number  of  cases,  however,  where  the  search  for  arsenic  beoomei 
important,  it  is  mixed  with  articles  of  diet,  with  the  contents  of 
the  stomach,  or  with  other  matters  of  organic  origin,  which  render 
preliminary  measures  oeedfiil  in  order  to  get  rid  of  them.  If  the 
substance  be  in  the  liquid  form,  any  sediment  which  it  may  om- 
tain  must  be  examined  for  solid  particles  of  undissolved  arsenioos 
anhydride,  which  are  frequently  found,  and  to  which  the  preced- 
ing tests  are  readily  applied.    If  any  solid  particles  of  arsenioos 
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mnhydride  be  founds  their  reduction  is  easily  effected  by  drawing 
off  a  tube  to  the  thickness  of  a  crowquill^  sealing  one  end^  drop- 
ping in  the  suspected  fragment,  addii^  a  minute  quantity  of 
dried  .sodic  carbonate,  and  then  a  few  small  fragments  of  char- 
coal; upon  ignition,  the  metal  is  sublimed,  and  may  be  recog* 
mzed  by  the  steel-grey  ring  which  it  forms  in  the  cool  portion  of 
the  tube. 

If  no  solid  particles  of  the  anhydride  be  visible,  the  liquid  is 
boiled  and  filtered^  and  diidded  into  three  portions,  one  of  which 
is  set  aside  in  case  of  accident. 

A  second  portion  is  submitted  to  BetmcVs  test ;  it  is  for  this 
jpurpose  acidulated  with  about  i^  of  its  bulk  of  pure  hydrochloric 
acid,  and  boiled  with  bright  slips  of  pure  electrotype  copper  foil 
for  half  an  hour.^  If  any  arsenical  compound  be  present,  the 
metal  will  be  reduced  upon  the  surface  of  the  copper  foil.  The 
copper  is  then  withdrawn  from  the  liquid,  washed^  dj^ed  at  \ocP  C, 
and  introduced  into  a  narrow  glass  tube  (of  about  the  diameter  of 
a  quill),  which  is  then  drawn  out  to  a  capillary  neck,  taking  care 
not  to  heat  the  copper  foil  in  this  operation.  The  tube  is  shown 
in  fig.  357.  The  foil,  and  the  portion  of  the  tube  which  containfl 
it,  are  then  heated  nearly  to  red- 
ness ;  the  arsenic  combines  with  '  ^^■'* 

oxygen  derived  from  the  air  in 
the  tube,  and  it  condenses  in 

beautiful  transparent  octohedra  of  arsenious  anhydride  on  the 
contracted  cool  part  of  the  tube.  The  same  experiment  must  be 
first  tried  with  the  copper  and  hydrochloric  acid  employed  alone, 
in  order  to  ascertain  their  purity  before  employing  them  as  tests. 
The  presence  of  nitrates  or  of  chlorates  interferes  with  the  appli- 
cation of  Reinsch's  test,  as  the  copper  foil  becomes  dissolved  when 
boiled  with  the  acidulated  solution  under  these  circumstances. 
If,  however,  the  liquid  be  first  acidulated  with  an  excess  of  hydro- 
chloric acid,  and  be  evaporated  by  a  gentie  heat  on  a  water-bath, 
the  residue  may  be  subjected  to  Beinsch's  process  as  usual.  A 
slip  of  metallic  copper  occasions  precipitates  in  many  metallic 
solutions  when  acidulated  with  hydrochloric  acid  and  boiled  with 
them ;  such,  for  example,  as  antimony,  bismuth,  tin,  silver,  mer- 


*  Dilate  solutions  of  arsenioos  acid  in  hjdroehlorio  acid  may  be  evaporated 
below  J  00^  C.  without  loss  of  arsenioos  chloride,  bat  if  the  mixture  be  distilled 
to  dryness  in  a  retort,  the  chloride  passes  over  in  the  last  poctions,  and  may  thos 
be  separated  from  most  other  metals :  the  distillate  may  then  be  submitted  to 
Beinsch's  or  Marsh's  test.  This  furnishes  an  excellent  method  of  procedure  in 
many  cases.     See  a  paper  by  Dr.  Taylor,  in  Qny^t  Sasp,  Beports,  vol  vi 
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cury,  lead,  and  cadminm :  cadmium  is  not  precipitable  {rom  a 
strongly  acid  solution.  Of  these  precipitates  mercury  is  the  only 
one  whichj  like  areenicum,  is  volatilized  by  heat  in  the  metallic 
fonn,  but  the  sublimate,  -when  viewed  with  the  microscope,  is  seen, 
if  mercurial,  to  consist  of  globules,  and  is  thus  easily  distinguished 
£rom  arsenic.  Moreover  the  arsenical  crust  by  resublimation  is 
converted  into  arsenious  anhydride,  whilst  no  such  change  takes 
place  with  mercnry.  Antimony  becomes  oxidiised,  and  sublimes 
with  difficulty  in  needles,  not  in  octohedra,  and  may  be  identified 
in  the  maimer  described  at  p.  6Si. 

The  third  portion  of  the  Kqnid  is  subjected  to  Marthfi  te$t : 

the  application  of  this  test  depends  upon  the  formatioa  of  ar«e- 

niuretted  hydrogen,  and  the  subsequent  deposition  of  arsenicom 

.    from  it  by  suitable  application  of  heat : — A  vide-monthed  flask, 

fig.  358,  of  about  6  oz.  (170  c.  c.)  capacity,  is  charged  with  a 


Fio.  358. 


little  pure  granulated  zinc,  or  with  fingments  of  magnesinm ; 
throng  the  cork  a  tube  fnnnel  is  passed  to  within  au  inch  (^the 
bottom ;  a  bulb  tube,  bent  to  s  right  angle,  passes  jnst  through 
the  cork,  the  outer  horizontal  tube  e,  being  loosely  filled  with 
calcic  chloride  to  arrest  any  particles  of  fluid  which  might  be 
carried  up  by  the  effervescence ;  it  is  prolonged  by  fitting  into  it 
with  a  cork,  a  piece  of  German  tube,  a,  free  firom  lead  and 
drawn  out  to  a  capillary  ternuoatton.  Some  distilled  water  is 
next  introduced  by  the  funnel,  and  a  little  pure  sulphuric  acid 
added  to  cause  a  steady  evolution  of  hydn^n.  When  all  the 
atmospheric  air  is  expelled,  the  flame  of  a  spirit-lamp  is  placed 
under  the  point  where  the  capillary  contraction  commences :  if 
after  ten  minutes,  the  temperature  of  the  glass  being  at  a  red 
heat,  Qo  indications  of  any  metallic  deposit  show  themselves,  tbe 
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materials  used  are  sufficiently  pure.  Whilst  the  heat  is  still 
maintained^  the  suspected  liquid  is  to  be  poured  through  the 
funnel  into  the  bottle ;  if  arsenic  be  present^  immediate  voltaic 
decomposition  ensues,  part  of  the  arsenic  combines  with  the 
nascent  hydrogen ;  arseniuretted  hydrogen  is  formed,  and  the 
gas  is  decomposed  as  it  passes  through  the  heated  tube,  the  metal 
being  deposited  in  the  form  of  a  steel-grey  ring  just  beyond  the 
spot  where  the  heat  is  applied.  If,  instead  of  heating  the 
capillary  tube,  the  gas  be  kindled  as  it  escapes,  it  will  be  found 
to  bum  with  the  peculiar  flame  of  arsenic  if  the  quantity  be  at 
all  considerable,  and  if  a  piece  of  cold  white  porcelain,  such  as  a 
crucible  lid,  be  introduced  into  the  burning  jet,  the  more  com- 
bustible hydrogen  is  burned,  and  brown  or  grey  mirror-like 
spots  of  reduced  arsenic  may  be  obtained  upon  the  cold  plate."^ 
Tartar-emetic,  if  present,  would,  however,  produce  antimoniuretted 
hydrogen,  which,  by  its  decomposition,  would  give  rise  to  appear- 
ances in  the  tube  and  on  the  porcelain  resembling  those  of 
arsenieum.  Fleitmann  has  shown  that  if  the  hydrogen  be  generated 
by  dropping  zinc  into  a  strong  boiling  solution  of  caustic  potash 
or  soda,  and  then  adding  the  suspected  arsenical  liquid,  the 
hydrogen  which  is  given  off  contains  the  arsenic  if  this  metal  be 
present,  but  does  not  form  antimoniuretted  hydrogen  with  an  anti- 
monial  compound^  The  antimonial  spots  also  immediately  dis- 
appear when  a  drop  of  ammonic  sulphide,  in  which  a  little 
sulphur  is  dissolved,  is  added,  and  the  solution,  by  its  spontaneous 
evaporation, .  leaves  the  orange-coloured  antimonious  sesqui- 
sulphide ;  but  the  arsenical  crusts  are  scarcely  acted  on  by  the 
ammonic  sulphide  (Dr.  Ouy).  The  chief  practical  difficulty  in 
the  use  of  Marshes  test,  arises  from  the  inconvenient  way  in 
which  liquids  containing  organic  matter  frequently  froth  up 
during  the  operation.  The  best  method  of  preventing  this  con- 
sists in  first  heating  the  suspected  liquid  with  about  a  tenth  of  its 
bulk  of  hydrochloric  acid,  and  adding  a  small  quantity  of  potassic 
chlorate :  the  organic  matter  is  thus  destroyed,  and  after  the 
liquid  has  become  cool,  it  may  be  safely  added  to  the  mnc  and 
sulphuric  acid  in  the  apparatus. 

The  process  by  sulphuretted  hydrogen  and  subsequent  reduc- 
tion is  extremely  delicate,  and  open  to  no  objection  except  the 
length  of  time  required.     Marsh's  test  is  one  of  extraordinary 


*  According  to  Blondlot  the  presence  of  minute  qaantities  of  nitric  acid  pre- 
vents the  formation  of  gaueoos  arseniuretted  hydrogen  and  causes  the  deposition 
of  the  solid  arsenide  upon  the  zinc 
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delicacy,  and  tlie  resnlts  are  eaaiXj  and  qaickly  attuned: 
Beinsch'B  test  is  also  easy  of  application,  and  is  ezttemely  de- 
licate ;  but  they  all  act  very  slowly  when  the  arsenic  U  ia  rthe 
form  of  arsenic  acid.  The  arsenical  crusts  deposited  in  the  glan 
tube  are  readily  sublimed  by  a  gentle  heat,  and  may  be  converted 
into  arsenious  anhydride,  which  forms  brilliant  minute  octohedrsl 
crystals,  and  these  again  may  be  subjected  to  the  teat  of  the 
ammonia-nitrate  of  silver. 

Although  it  may  not  be  possible  to  detect  arsenic  in  tbe 
fluids  submitted  to  eismination,  it  not  un&equently  happens  that 
the  coats  of  the  atomaeb,  and  sometimes  the  liver,  will  yet  contain 
the  poison  in  sufficient  quantity  to  render  its  identification  prac- 
ticable. The  best  mode  of  jvoceediiig^  in  this  case  consists  in 
cutting  up  the  organ  into  slu^ds,  beating  it  on  a  water-hath 
with  a  fourth  of  its  weight  of  hydrochloric  acid,  the  mixture 
being  diluted  with  water  till  it  becomes  of  the  consistency  of  a 
thin  paste.  It  may  then  be  subjected  to  Reinsch's  process,  or  it 
is  fit  for  trial  in  Marsh's  apparatus.  Fresenius  and  Von  Babo 
(Liebig't  Ann.  slix.  287]  prefer-  to  add  to  the  original  mixture  of 
hydrochloric  acid  and  organic  matter,  nnall  portions  of  potassic 
chlorate  from  time  to  time  until'  a  homogeneous  yellow  liquid  ii 
obtained ;  when  cold  it  is  filtered  through  Imen,  the  reaidne  well 
washed,  and  the  clear  liquid  is  concentrated  by  evaporation  by  a 
heat  not  exceeding  that  of  the  water-bath.  In  this  case  it  ia 
necessary  subsequently  to  reduce  the  arsenic  acid  in  the  liquid  to 
arsenious  acid  by  means  of  »  current  of  sulphurous  acid  gas. 
They  then  heat  gently  to  expel  the  excess  of  anlphnrous  acid, 
precipitate   the  arsenic    by  sulphuretted  hydrogea,   collect  the 


Fm.  3S9- 


precipitate  on  a  small  filter,  wash,  dissolve  oat  tbe  araenions  sea- 
qnisulphide  with  ammonia,  evaporate  the  solution  on  a  watdt- 
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glass,  and  reduce  the  sulphide  by  mixing  it  with  about  I2  times 
its  weight  of  a  mixture  of  3  parts  of  dried  sodic  carbonate 
and  I  of  potassic  cyanide,  and  heating  it  in  a  very  slow 
current  of  dried  carbonic  anhydride,  as  shown  in  fig.  359,  in 
which  a  represents  a  flask  containing  firagments  of  marble  from 
which  the  carbonio  anhydride  iis  disengaged  by  the  addition  of 
hydrochloric  add :  b*  contains  o3  of  vitriol  in  order  to  dry  the 
issuing  gas ;  the  arsenical  mixture  is  placed  m  the  bend  of  the 
tube  Cy  and  the  metallic  crust  is  sublimed  mto  the  contracted  part 
of  the  tube  at  d.  Thiis  process  is  tedious  and  complicated,  and 
not  superior  to  Reinsch's  if  the*  latter  be  conducted  with  due 
care.  A  very  delicate  mode  of  detecting  the*  presence  of  arsenic 
is  afforded  by  the  action  of  the*  voltaic  current,  which  may  be 
applied  without  difficulty  by  adopting  the*  precautions  recom- 
mended by  Bloxam  (Q.  /.  Chem.  Soc.  xiii.  12),  The  galvanic  pro- 
cess has  the  advantage  of  being  applicable  to  the  detection  of 
various  other  metallic  poisons  if  arsenic  be  absent,  as  nothing  is 
introduced  which  interferes  with  their  identification  subsequently 

by  appropriate  tests. 

(847)  Estimatiot^  of'Araenic, — ^It  is  not  easy  to*  asoertain  aoonrately,  by 
analysis,  the  quantity  of  arsenic  present  in*  a  compound ;  but  the  following  is  the 
plan  generally  adopted  :r— The  metal  is  precipitated  ]u<  the  form  of  a  sulphide : 
the  precipitate  collected  on  a  weighed  filter,  dried  at  100^  C,  and  weighed :  a 
given  weight  of  the  sulphide  is  then  oxidized  by  means  of  nitric  acid  (sp.  gr. 
1*51);  and  when  it  is  completely  dissolved;  the  sulphur  is  precipitated  as  baric 
snlphate.  From  the  weight  of  this  precipitate  the  quantity  of  sulphur  is  calcu- 
lated, and  deducted  from  the  total  amount  of  arsenical  sulphide ;  the  difference 

-gives  the  amount  of  the  metal.  The  sulphide  is  apt  to  oontfun  a  variable  quantity 
6f  free  Hulphur,  and  hence  this  method  becomes  necessary.  Befors  it  can  be 
adopted,  the  absence  of  all  other  metals  in>ihe  sulphide  must,  of  coarse,  be  ascer* 
tained.  The  arsenic  acid  in  the  solution  may  further  be  precipitated  as  aramonio- 
magnesic  arseniate,  by  neutralizing  withi  ammonia,  and  adding  a  solution  of 
magnesic  sulphate  containing  ammonic  chloride  and  ammonia  in  excess :  100 
parts  of  this  precipitate  dried  at  100*"  C.  [2<HJNlfgAR0J,H,0]  represent  39*47 
of  metallic  arsenic. 

(848)  Separation  qf  Arsenicum  from^  other  Mhtale. — By  means  of  sul- 
phuretted hydrogen*  and  tlie  subsequent  solution  of  the  sulphide  iiv  ammonic 
sulphide,  arsenic  is  easily  separated  from  all  the  foregoing  metals  with  the  ex- 
ception of  those  which  form  soluble  compounds  with  the  sulphides  of  the  alkali- 
metals.  A  solution  of  ammonic  sesquicarbonate  (free  from  uncombined 
ammonia),  when  digested  on  the  mixed  hydrated  arsenical  and  antimonial  sul- 
phides, dissolves  the  arsenical  sulphide  only,  and  leaves  it  on  evaporation. 

§  IX.  Antimony:    (Stibium)    Sb'"=i2a.      8p.  Gr.  6715; 

Fusing-pt.  about  1150°  (621°^  C.) ;    Triad,  as  in  SbClj; 

sometimes  Pentad,  as  in  SbCIg. 

(849)  Antimony  &«  a  tolerably  abundant  substance,  and   is 
always  extracted  from  ils*  sesquisulphide,  though  it  is  frequently 
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found  alloyed  with  other  metals,  and  is  sometimes  met  with  in 
the  native  state. 

Antimonious  sulphide  usually  occurs  in  a  matrix  of  quarts, 
baric  sulphate,  and  limestone.  The  crude  antimtmy  of  com- 
merce is  merely  this  sesquisulphide  freed  from  the  greater 
part  of  its  earthy  impurities.  This  purification  is  effected  by 
placing  the  ore  upon  the  bed  of  a  reverberatory  frimace,  covered 
with  charcoal-powder.  The  sulphide  melts,  the  earthy  impurities 
float,  and  the  fluid  portion  is  drawn  off*  into  an  iron  basin,  and 
is  afterwards  cast  into  loaves  or  cakes.  If  it  be  desired  to 
extract  the  metal,  the  sulphide  thus  purified  is  reduced  to  a 
coarse  powder,  and  again  placed  upon  the  bed  of  a  reverberatory 
fiimace :  the  temperature  may  be  gradually  raised  to  dull  redness, 
but  must  be  moderated  to  prevent  the  mass  from  entering  into 
fusion :  in  about  12  hours  frmies  cease  to  rise,  most  of  the 
sulphur  is  expelled,  and  a  red  mixture  of  antimonious  sesquioxide 
and  sesquisulphide  remains.  During  this  process  copious  vapours 
of  sulphurous  and  arsenious  anhydrides  are  given  off*,  accompanied 
by  a  considerable  portion  of  antimonious  oxide.  It  is  stated  that 
nearly  20  per  cent,  of  the  metal  is  lost  during  this  operation. 
The  roasted  mass  is  now  mixed  with  about  one-sixth  of  its 
weight  of  powdered  charcoal,  made  into  a  paste  with  a  strong 
solution  of  sodic  carbonate,  and  heated  in  crucibles  to  bright 
redness ;  the  metal  collects  at  the  bottom  in  consequence  of  the 
reactions  illustrated  by  the  following  equations :  SbjSj  +  3NagC0, 
=300.3 +  3NajS  +  Sb,03,  and  Sbj,0,-|-3C=3CO  +  Sb3;  above  itis 
a  scoria,  consisting  chiefly  of  antimonio-sodic  sulphide.  Ttus 
scoria  is  known  in  the  arts  as  the  crocus  of  antimony.  The  metal 
is  remelted  with  the  scoria,  and  is  then  fit  for  sale,  though  it  is 
not  pure.  100  parts  of  sesquisulphide  yield  about  44  parts  of 
metallic  antimony,  so  that  in  the  whole  process  about  three- 
sevenths  of  the  antimony  are  lost. 

On  the  ftmall  iicale  the  metal  is  most  easily  procured  by  taking  4  parts  of 
the  powdered  sesquisulphide,  3  of  crude  tartar,  and  i^  of  nitre,  mixing  them 
intimately,  and  throwing  the  powder  in  small  portions  at  a  time  into  a  omcihle 
kept  at  a  bright  red  hent.  The  quantity  of  nitre  employed  is  insufficient  to 
oxidize  both  the  sulphur  and  the  metal ;  and  the  sulphur  being  the  more  com* 
buritible  element  of  the  two  is  the  first  to  undergo  oxidation,  whilst  the  metal 
melts  and  collects  at  the  bottom,  beneath  the  slag  of  potassio  sulphate.  Com- 
mercial antimony  commonly  contains  arsenicum,  iron,  and  often  small  quantities 
of  copper  and  lead. 

In  order  to  obtain  antimony  free  from  arsenic,  Wohler  mixes  intimately  4 
parts  of  finely-powdered  commercial  antimony  with  5  of  sodic  nitrate,  and  2  of 
anhydrous  sodic  carbonate.  The  mixture  is  heated  to  redness  in  a  Hessian 
crucible,  and  the  antimony  burns  quietly  at  the  expense  of  the  oxygen  of  the 
nitrate.    After  the  deflagration  is  complete,  the  crucible  is  covered,  and  the 
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18  kept  for  half  an  hoar  at  a  temperature  sufficient  to  soften  bat  not  to  fuse  it, 
from  time  to  time  pressing  it  down  with  an  iron  spatuhu  It  is  remoTed  from 
the  crucible  by  means  of  a  spatala,  while  still  in  a  pasty  condition,  then  pal- 
Terized  and  thrown  into  boiling  water :  the  solution  contains  the  sodic  arseniate, 
while  the  greater  part  of  the  sodic  antimoniate  remains  undissolved,  and  is  well 
washed  with  boiling  water.  From  this  sodic  antimoniate  the  metal  is  extracted 
by  melting  it  with  half  its  weight  of  crude  tartar.  The  product  so  obtained  is 
an  alloy  of  antimony  with  potassium :  it  is  broken  into  small  pieces  and  thrown 
into  water ;  a  copious  disengagement  of  hydrogen  takes  place,  the  potassium  is 
oxidized  and  dissolved,  and  the  alloy  falls  to  powder.  It  still  retains  iron,  and 
sometimes  lead.  One-third  of  the  mass  is  converted  into  oxide  by  means  of 
nitric  acid ;  this  oxide  is  well  washed  with  water,  dried,  and  then  incorporated 
with  the  powdered  metal;  the  mass  is  again  melted  in  a  covered  crucible,  and 
pure  antimony  is  obtained  beneath  a  layer  of  fused  sesquioxide,  which  retains  the 
oxides  of  iron  and  lead. 

(850)  Properties. — ^Antimony  was  well  known  to  the  alcliemists. 
It  is  a  brilliant  bluish- white  metal,  of  a  flaky,  crystalline  texture, 
and  so  brittle  that  it  may  readily  be  reduced  to  powder.  It  fuses 
at  about  1150°  (6ai^  C),  a  little  above  red  heat,  and  by  slow 
cooling  may  be  obtained  in  rhombohedral  crystals^  which  accord- 
ing to  Mitscherlich,  are  isomorphous  with  those  of  arsenicum;  but 
absolutely  pure  antimony  crystallizes  with  difiBculty  (Cooke ; 
Matthiessen).  The  commercial  cakes  of  the  metal  exhibit  upon 
their  upper  surface  a  beautiful  penniform  crystalline  structure. 
Melted  antimony  expands  in  solidifying,  the  solid  metal  floating 
in  the  melted  portion.  At  a  bright  red  heat  it  is-  volatilized 
slowly  :  the  operation  is  facilitated  by  transmitting  a  current  of 
hydrogen  over  it.  Antimony  is  inferior  to  most  of  the  metals 
as  a  conductor  of  heat  and  of  electricity.  When  exposed  to 
either  a  moist  or  a  dry  air,  at  ordinary  temperatures,  it  under- 
goes  no  change,  boTif  h;a*ed  it  W  brimantty.  rmitting 
copious  white  fumes  which  consist  chiefly  of  antiinonrous  oxide. 
Powdered  antimony  takes  fire  spontaneously  when  thrown  into 
chlorine  gas  ;  bromine  and  iodine  likewise  enter  into  combination 
with  the  metal  with  great  evolution  of  heat,  when  they  are 
brought  into  contact  with  it  at  ordinary  temperatures.  It  is 
also  oxidized  by  nitric  acid  and  by  boiling  sulphuric  acid.  Aqua 
regia  dissolves  it  readily.  When  finely  powdered,  it  is  dissolved 
by  strong  hydrochloric  acid  by  the  aid  of  heat,  with  evolution  of 
hydrogen.  Metallic  antimony,  when  in  fine  powder,  is  readily 
dissolved  by  digestion  with  a  solution  of  one  of  the  higher  sul« 
phides  of  potassium,  whilst  the*  lead,  iron,  copper,  bismuth,  or 
silver,  which  it  may  contain  is  left  undissolved.  Small  quantities 
of  arsenicum  and  of  tin^  if  present,  enter  into  solution  with  the 
antimony. 

Alloys. — ^Antimony  is  not  used  alone  in  the  arts,  but  it  enters 
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into  the  composition  of  several  valuable  alloys.  T^pe  metal  is  one 
of  these :  ordinary  type  is  composed  of  3  or  4  parts  of  lead,  and 
I  part  of  antimony :  but  the  alloy  which  is  now  employed  in  the 
best  description  of  type  contains  2  parts  of  lead,  i  of  tin,  and  i 
of  antimony.  Music  type  contains  tin ;  and  the  common  white 
metal  used  for  teapots,  under  the  name  of  Britannia  metal,  con- 
sists of  equal  parts  of  brass,  antimony,  tin,  bismuth,  and  lead. 
The  value  of  the  antimony  in  these  alloys  depends  upon  the  hard- 
ness which  it  communicates  to  them,  without  rendering  them 
inconveniently  brittle,  and  to  the  expansion  which  it  confers  upon 
them  in  the  act  of  solidification,  so  valuable  in  the  case  of  type 
metal.  Equal  parts  of  antimony  and  lead,  however,  produce  a 
brittle  alloy.  The  compounds  of  antimony  with  zinc  and  with 
tin  are  hard,  white,  and  brittle.  A  mixture  of  12  parts  of  tin, 
I  part  of  antimony,  and  a  small  quantity  of  copper,  furnishes  a 
ductile  alloy,  forming  a  superior  kind  of  pewter.  If  lead  be  sub* 
stituted  for  copper  in  this  alloy  it  is  rendered  brittle.  Antimony 
also  combines  readily  with  copper,  furnishing  a  hard  alloy  which 
takes  a  good  polish,  but  which  becomes  paler  and  more  brittle  in 
proportion  as  the  quantity  of  antimony  is  increased.  If  7  parts 
of  powdered  antimony  and  3  of  iron  filings  be  exposed  in  a  covered 
crucible  to  a  very  high  temperature,  a  brittle  alloy  is  formed  suf- 
ficiently hard  to  emit  sparks  when  filed. 

With  zinc,  antimony  unites  to  form  two  definite  alloys,  which  may  be  pre* 
pared  by  fusing  the  two  metals  together  in  the  proper  proportions.  They  may 
be  crystallized  by  a  method  similar  to  that  adopted  in  the  case  of  sulphur  by 
fusion  (407).  One  of  these  (Sb^Zn,)  crystallizes  in  long  acicular  prisms,  whidi 
belong  to  the  oblique  prismatic  system ;  it  decomposes  water  rapidly  at  100  C. 
with  evolution  of  hydrogen.  The  other  alloy  (SbZn)  crystallizes  in  broad  plates 
which  twin  together  on  an  octohedral  face. 

Prof.  J.  P.  Cooke,  jun.,  who  has  studied  these  alloys  minutely,  finds  that  i& 
each  case  the  eiystalline  form  of  the  alloy  is  preserved,  although  the  proportions  of 
the  two  metals  may  vary  within  considerable  limits ;  thus,  the  form  of  needlee, 
(which  would  require,  if  in  atomic  proportion,  Sb^Zn^  a  per-oentage  <^  55*7  of 
antimony),  is  still  preserved,  though  the  antimony  may  fall  as  low  as  35*77  oc 
may  rise  as  high  as  57*24;  while  the  form  of  plates  is  observed  without  any 
variation  in  the  angular  measurements,  although  the  quantity  of  antimony  mi^ 
fall  as  low  as  64*57  or  may  rise  as  high  as  79*42,  Uiough  65*07  would  rspr^ 
sent  the  true  atomic  proportion  (SbZn).  It  is  true  both  the  forms  belong  to  die 
same  crystalline  system,  but  they  do  not  appear  to  be  derivable  one  from  the 
other.  Prof.  Cooke  suggests  that  these  observations  may  throw  an  impovtnt 
light  upon  the  cause  of  the  hitherto  unexplained  variation  in  composttioa  oooe* 
sionally  observed  in  minerals  of  the  same  crystalline  fi>rm,  the  oomponeate  of 
which  are  not  isomorphous ;  and  he  proposes  Uie  term  AUomerUm  to  deaSgaete 
such*  variation  in  the  proportions  of  the  constituents  of  the  crystalline  oomponad 
without  any  essential  change  in  the  crystalline  form,  the  varying  ooostitaeoli 
xu>£  being  isomorphous  with  each  other. 

JUatUiiesiien  and  Von  fioae,  in  their  zasearchea  upon  the  alloyt  (»f  tia  nd 
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gold,  have  found  that  those  oontainiDg  from  27*4  to  43  per  cent,  of  gold  all 
crystallize  in  the  same  form,  the  largest  and  best  defined  crystals  containing 
about  4  [  per  cent,  of  gold  (AuSn,  =  45*9  per  cent,  of  gold). 

In  combination  with  hydropotassic  tartrate^  antimonious 
oxide  forms  a  powerful  and  valuable  medicine.  The  oxide^  when 
ground  up  with  linseed  oil^  furnishes  a  pigment  which  is  employed 
to  some  extent  as  a  substitute  for  white  lead :  it  is  much  less  in- 
jurious to  the  health  of  those  who  use  it  than  pigments  which 

contain  lead. 

Mr.  Gore  (Phil.  Trans,  1858,  p.  185)  has  described  a  remarkable  modifi- 
cation of  antimony  which  may  be  procured  by  electrolytic  action,  in  the  following 
manner : — Dissolve  i  part  of  tartar-emetic  in  4  parts  of  the  solution  obtained  by 
dissolving  antimonious  sulphide  nearly  to  saturation  in  hydrochloric  aeid,  and 
subject  the  solution  to  the  action  of  two  or  three  cells  of  Smee's  battery,  using 
a  plate  of  antimony  for  the  positive  and  a  copper  wire  for  the  negative  electrode. 
A  metallic  deposit  having  the  colour  and  lustre  of  highly-polished  steel,  with  a 
peculiar  mammillated  surface  and  an  amorphous  structure,  is  formed.  Its 
specific  gravity  is  about  6*55.  The  metal  thus  deposited  retains  5  or  6  per 
cent  of  antimonious  chloride,  and  if  suddenly  struck  sharply,  or  heated,  it 
undergoes  a  rapid  molecular  change  attended  with  a  rise  of  temperature 
amounting  sometimes  to  450°  (250^  C),  accompanied  by  the  disengagement  of 
abundant  fumes  of  antimonious  chloride.  The  heat  evolved  is  sufficient  to  boil 
water  or  even  to  fuse  small  pieces  of  tin.  After  this  change  has  occurred, 
the  metal  is  found  to  retain  its  cohesion  and  its  metallic  aspect,  but  it  has 
become  grey,  and  acquired  a  granular  fracture  and  an  increased  density.  A  cor- 
responding substance  may  be  obtained  if  antimonious  bromide  be  substituted  in 
electrolysis  for  the  trichloride,  the  deposited  metal  in  this  case  retaining  a  por* 
tion  of  the  tribromide. 

(851)  Oxides  of  Antimony. — Antimony  forms  three  well- 
marked  oxides  :  the  first  is  the  most  important^  as  it  constitutes 
the  basis  of  the  antimonial  salts  employed  in  medicine.  The 
oxides  have  the  following  composition : — 

Oxygen.  AnUmaoj, 
Antimonious  oxide  ...         Sb,0,  =16*44+ 83 'jO 

Antimonic  anhydride        ...         Sb,0,  =H'^9+75*3^ 

Antimonious  antimoniate  ...         Sb,0,,Sb,0,    =  2078  +  79*22 

Antimoniotis  oxide,  or  Sesquioxide  of  antimony,  formerly 
called  the  teroxide  (8^03=292). — In  the  anhydrous  state  this 
oxide  is  found  crystallized  in  prisms  in  a  rare  mineral  called 
white  antimony  ore,  of  specific  gravity  5*56.  The  anhydrous 
sesquioxide  is  best  procured  by  boUing  powdered  metallic  anti- 
mony to  dryness  in  an  iron  ladle^  with  excess  of  strong  sulphuric 
acid ;  an  insoluble  sulphate  is  formed^  and  sulphurous  anhydride 
is  disengaged.  To  remove  the  sulphuric  acid^  the  residue  is 
treated  with  sodic  carbonate  and  is  well  washed :  the  greyish- 
white  insoluble  powder  which  remains  is  the  sesquioxide.  When 
heated  it  assumes  a  yellow  colour,  but  recovers  its  whiteness  on 
cooling.     When  heated  in  closed  vessels  it  may  be  melted ;  at  a 

X  X  2 
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high  temperature  it  may  be  yolatilized^  and  the  vapour  may  t)e 
condensed  in  brilliant  crystiUine  needles  isomorphous  with  the 
unusual  form  of  arsenious  anhydride^  Occasionally  it  crystallizes 
in  octohedra^  like  the  qonmipn  variety  of  arsenious  anhydride. 
In  the  open  air  it  bums:  like  tinder^,  ^nd  is  converted  into  the  so- 
called  antimonious  acid.  Hydrochloric  and  tartaric  acids  dissolve 
it  freely.  Nitric  acid  converts  it  into  one  of  higher  oxides  of 
antimony.  With  sulphuric  acid  it  forms  an  insoluble  sulphate^ 
though  its  basic  properties  a):e  but  feeble.  In  the  hydrated  state 
it  may  be  obtained  by  pouring  a  solution  of  antimonious  chloride 
into  an  excess  of  a  solution  of  sodic  carbonate^  In  this  form  it 
iis  readfly  soluble  in  solutions  of  caustic  potash  and  soda ;  but  the 
simple  ebullition  or  evaporation  of  the  liquid  causes  a  separation 
of  aAtimonious  oxide  in  priismatic  csystals. 

(8  j2)  Antimonic  ankifdridey  formerly  Atdimomc  acid  (SbgOgS 
324). — ^This  compound  may  be  obtained  by  oxidizing  the  metal 
with  nitric  acid^  and  expellmg  the  excess  of  nitric  acid  by  a  heat 
below  redness.  It  is  of  a  pale  yellow  colour^  is  tasteless,  and 
insoluble  in  water.  A  strong  heat  expels  one-fifth  of  its  oxygen, 
and  converts  it  into  antimonious  antimoniate  (Sb^OJ,  which  is  a 
white  powder,  formerly  termed  antimonious  acid,  but  which  pos- 
sesses no  acid  characters;  for  if  treated  with  hydropotassic 
tartrate  (cream  of  tartar)  it  is  decomposed,  antimonio-potassic 
tartrate  (tartar-emetic)  being  formed,  whilst  antimonic  anhydride 
id  left  (aSbgO^-SbgOj-f  SbjjOJ. 

^9i^»mon»a^M.-— Antimonio  aoid  forms  definite  oomponnds  with  the  meUb 
of  the  alkalies :  a  boiling  solution  of  canstio  potash  dissolves  it,  and  on  the  addi« 
tion  of  an  acid,  the  liquid  deposits  hydrated  antimonic  aoid  in  the  form  of  a 
white  powder  (Sb205,4H20),  which  reddens  litmus,  and  is  freely  soluble  in  cdd 
solutions  of  the  alkalies,  and  in  hydrochloric  acid.  Fremy  states  that  antunooic 
acid  may,  like  hydrated  stannic  dioxide,  be  obtained  in  two  modificataons,  each 
of  which  combines  with  different  amounts  of  base,  and  forms  a  distinot  class  of 
salts :  to  one  of  these  modifications,  obtained  by  treating  metallio  antimony  with 
nitric  acid,  he  gives  the  name  of  antitnanie  acid  j  its  normal  potasaic  salt  has 
the  formula  (K,Sb,0,,5H,0,  or  E,0,Sb,0,,5H,0) :  the  other  modifioaticm  pro- 
cured by  decomposing  antimonio>  pentaohloride  with  water,  he  terms  wtHtmti* 
monie  acid.  To  the  normal  potassio  salt  of  the  latter  acid,  ho  aasigiia  ths 
composition  indicated  by  the  formula  (2K,0,SbsO^  or  K^Sb^O,). 

According  to  Fremy,  antimonic  acid  is  monobasic,  but  it  is  capable  of  fonning 
both  normal  and  acid  salts.  The  normal  antimoniates  are  gelatinous  and  on* 
orystallizablSk  Normal/  poiatna  a$Uimoniaie  may  be  piocnred  by  heating  I 
pfirt  of  metallia  antimony  with  4  parts  of  nitre  in  an  earthen  cmcible.  Tbt 
white  msfts  so  obtained  is  powdcored,  and  washed  with  warm  water,  to  remove 
the  excess  of  potash  and!  potassic  nitdte*  The  residue  must  be  boikd  in  water 
for  an  hour  or  two ;  the  insoluble  ankydhmi  antimoniate  is  thus  oooTerted  ints 
a  toluble  hydrated  modification  consisting  of  K,Sb^0,,5H,0.  The  insolaUi 
residue  now  consists  chie^  of  acid-antimoniate  of  potaMiom.    The  nonnal  ait 
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• 

pouesses  the  property  of  freelj  diasolving  the  acid-antimoniate,  which  is  pre- 

'    ,dpitated  when  such  a  solution  is  mixed  with  any  neutral  salt  of  one  of  the 

I     alkalies.   The  normal  antimoniate  does  not  cryHtallize,  hut  forms  a  gummy  mass 

.     which  has  an  alkaline  reaction ;  it  is  readily  decomposed  hy  acids,  including  the 

csrbonic,  whilst  the  acid-antimoniate  is  deposited.  When  heated  to  3  20°  ( 1 60°  C.) 

it  loses  a  out  of  its  5  atoms  of  water,  and  becomes  insoluble  in  cold  water. 

Acid-antimoniate  of  potassium   {Kfih  fi^^,  or  Dipotassic  diantimoniate 

[      (KsO,2SbsOJ,  is  obtained  by  transmitting  a  current  of  carbonic  anhydride 

through  a  solution  of  the  normal  antimoniate.     It  is  quite  insoluble  in  water, 

bat  is  soluble  in  a  hot  solution  of  the  normal  antimoniate,  •and  is  d^>osited  in 

crystals  as  the  liquid  cools. 

If  antimonic  anhydride  be  heated  with  plumbic  oxide  it  combines  with  it  and 
yields  a  yeUow  compound,  which  is  used  as  a  pigment  under  the  name  of  Naples 
yetUno, 

(853)  MetarUimonic  acid  (H4Sb,0y,  or  aHjO.Sb:^),).  This  compound  de- 
rives its  principal  interest  from  the  circumstance  of  its  yielding  a  soluble  cond- 
pound  with  potassium,  which  may  be  employed  as  a  test  for  sodium.  The 
metantimoniates  of  the  alkalies  are  crystallizable.  The  acid-metantimoniate  of 
potcusium,  "K^K^hfi^fi^fi,  or  hydropotassic  metantitnonictte,  is  the  salt  which 
is  used  for  this  purpose.  In  preparing  this  compound,  potassic  antimoniate  is 
first  formed  by  deflagrating  antimony  with  nitre,  washing  and  boiling  the  residuo 
in  the  manner  already  described,  so  as  to  bring  the  whole  of  the  normal  anti- 
moniate into  solution :  the  liquid  thus  obtained  is  filtered,  and  evaporated  to  a 
•jrupy  consistence  in  a  silver  dish ;  fragments  of  caustic  potash  are  then  added, 
and  the  evaporation  is  continued  until  a  drop  of  the  liquid  placed  upon  a  cold 
slip  of  glass  begins  to  crystallize;  it  is  then  allowed  to  cool,  and  the  alkaline 
sopernatant  liquid  is  poured  off  the  crystals,  which  are  allowed  to  drain  upon  a 
porous  tile.  When  the  salt  is  required  as  a  test  for  salts  of  sodium,  30  or  40 
grains  (a  or  3  grammes)  of  this  residue  are  to  be  washed  quickly  with  about 
twice  their  weight  of  cold  water,  and  allowed  to  subside ;  this  washing  is  to  be 
repeated  two  or  three  times,  in  order  to  remove  traces  of  adhering  potash ;  lastly, 
a  little  cold  water  is  to  be  digested  for  a  few  minutes  upon  the  residue,  and  the 
filtered  liquid  may  be  used  to  ascertain  the  presence  of  sodium.  The  presence  of 
potassic  hydrate  impairs  the  delicacy  of  the  reaction.  One  great  inconvenience 
which  attends  the  use  of  this  reagent  is  the  circumstance,  that  if  the  solution  be 
kept  for  a  few  days,  the  salt  passes  spontaneously  into  the  normal  antimoniate, 
and  this  salt  does  not  precipitate  the  compounds  of  sodium ;  both  salts  contain 
exactly  the  same  amount  of  acid  and  of  base  (KsH^SbsO,  =  KySbjO^.HsO),  th^ 
difference  in  properties  being  due  to  difference  in  the  molecular  constitution  of 
the  two  salts.  If  the  solution  of  the  acid  metantimoniate  be  boiled,  its  conver- 
sion into  normal  antimoniate  is  effected  in  a  few  minutes.  The  acid  sodic  met* 
antimoniate  (N&iK^SbfijfiUfi)  is  an  insoluble  salt,  which  crystallizes  in  octo- 
hedra. 

(854)  Antimoniubetted  Hydbooen  (HjSb?) — ^The  composi- 
tion of  this  gas  is  not  known  with  certainty^  for  at  present  it  has 
never  been  obtained  free  from  hydrogen.  It  is  inferred,  however, 
to  contain  3  atoms  of  hydrogen  to  one  atom  of  the  metal,  because, 
when  transmitted  through  a  solution  of  argentic  nitrate,  a  precipi* 
tate  of  triargentic  antimonide  is  formed  (AggSb) ;  sAgNOjH- 
HjSb  becoming  3HN03-fAgjjSb.  Antimoniuretted  hydrogen  is 
formed  by  dissolving  an  alloy  of  zinc  and  antimony  in  diluted 
sulphuric  acid.     When  a  solution  of  any  antimonious  salt  in 
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poured  into  a  mixture  of  zinc  and  sniphnric  acid  which  is  disen- 
gaging hydrogen^  the  antimonial  salt  becomes  decomposed ;  one 
portion  of  the  antimony  is  deposited  in  the  form  of  a  black  powd^ 
upon  the  surface  of  the  zinc^  whilst  another  portion  combines  with 
the  hydrogen^  and  assumes  the  gaseous  state.  It  forms  a  colour- 
less gas  which  is  without  any  marked  odour.  When  burned,  it 
deposits  white  fiimes  of  antimonious  oxide,  and  if  transmitted 
through  a  glass  tube^  heated  to  low  redness,  the  gas  is  decom- 
posed, and  the  antimony  forms  a  brilliant  metallic  crust  upon  the 
heated  portion  of  the  tube. 

(855)  Sulphides  op  Antimony. — ^Two  compounds  of  anti- 
mony with  sulphur  are  known;  the  ordinary  sesquisulphide 
(SbgSg),  and  the  antimonic  sulphide  (Sb^S^),  corresponding  to  the 
antimonious  sesquioxide  and  to  antimonic  anhydride,  ^ey  are 
usually  regarded  as  sulphur-acids,  since  they  combine  with  the 
sulphides  of  the  alkali-metals,  and  form  definite  salts. 

Antimonious  sulphide,  or  Sesquisulphide  of  antimony,  Sb^Sj^ 
340;  Sp.  Gr.  4-626 ;  Comp.  in  100  parts,  Sb,  7176;  S,  28*a4.— 
This  substance  constitutes  the  only  ore  from  which  the  metal  is 
obtained.  The  native  sesquisulphide,  or  grey  antinumy  ore,  is 
usually  found  in  granite  or  slate  rocks,  and  generally  contains 
lead  and  arsenic,  besides  a  variable  amoimt  of  pyrites.  It  occurs 
crystallized  in  four-sided  prisms,  striated  transversely ;  it  has  a 
bluish-black  colour,  and  a  strong  metallic  lustre.  It  is  fiiable, 
and  melts  below  a  red  heat,  crystallizing  as  it  cools.  It  may  he 
distilled  unchanged  in  closed  vessels,  at  a  very  high  temperature, 
but  by  roasting  in  the  open  air  it  is  converted  into  a  fusible  mix- 
ture of  antimonious  sesquioxide  and  sesquisulphide.  This  oxy- 
sulphide,  after  it  has  been  fused,  constitutes  the  commercial  ylau 
of  antimony,  which  contains  about  8  parts  of  the  sesquioxide  to 
I  part  of  sesquisulphide.  If  the  sesquioxide  be  in  excess,  the 
glass  is  transparent,  and  of  a  fine  red  colour :  the  greater  the 
proportion  of  the  sesquisulphide,  the  darker  is  the  tint.  The  glass 
attacks  the  silica  of  the  crucible  in  which  the  fusion  is  performed, 
and  dissolves  a  considerable  portion  of  it.  A  native  o^eysu^Mde 
of  antimony  (Sb^Og,  2SbgS3,  known  as  red  antimony  ore)  occurs 
crystallized  in  oblique  rhombic  prisms. 

Antimonious  sulphide  maybe  obtained  in  crystals  by  melting 
together,  at  a  red  heat,  a  mixture  of  sulphur  and  the  sesquioxide; 
sulphurous  anhydride  escapes, and  antimonious  sulphide  is  formed: 
aSbgOg-f  9S  becoming  aSbgSg-f  380,. 

Attempts  have  been  recently  made,  with  some  Bnooets,  to  faitrodooe  the 
fidal  fleeqaisulphide  as  a  red  pigment,  under  the  name  of  antimony 


SULPHIDES   AND   CHLOBIDES  OF  ANTIMONY*  679 

The  colour  is  prepared  by  pouring  a  crude  solution  of  antimoiiious  chloride  in 
hydrochloric  acid  into  a  dilute  solution  of  calcic  hyposulphite,  which  is  main- 
tained in  excess ;  on  heating  the  liquid  to  140°  (60^  C),  it  becomes  turbid,  and 
deposits  a  precipitate  which  is  at  first  yellow  and  ultimately  a  bright  orange  red. 
The  anhydrous  sesquisnlphide  may  also  be  obtained  of  a  beautiful  orange  colour, 
by  transmitting  sulphuretted  hydrogen  through  a  solution  of  any  salt  of  the 
metal :  on  being  heated  in  dosed  vessels,  it  assumes  a  dark  metallic  appearance, 
resembling  that  of  the  native  sulphide.  If  heated  in  a  current  of  hydrogen  gas, 
the  sulphur  is  removed  and  metallic  antimony  is  left.  The  sesquisnlphide, 
whether  artificial  or  native,  is  dissolved  by  hot  hydrochloric  acid,  and  furnishes  a 
oonvenient  source  of  pure  sulphuretted  hydrogen,  provided  that  the  gas  be  washed, 
to  free  it  from  traces  of  antimony  and  hydrochloric  acid  which  it  is  apt  to  retiun 
in  suspension. 

Antimonious  sulphide  is  readily  soluble  in  solutions  of  the  sulphides  of  the 
alkali-metals,  and  forms  colourless  compounds,  which  have  been  regarded  as 
double  sulphides,  or  tulphantimonites  ;  a  hot  solution  of  the  alkaline  sulphide 
can  dissolve  much  more  of  the  sesquisnlphide  than  it  can  retain  when  cold ;  on 
the  addition  of  an  acid,  the  sulphide  of  the  alkali-metal  is  decomposed,  and  the 
antimonious  sulphide  is  reprecipitated.  If  the  sesquisnlphide  in  fine  powder  be 
boiled  with  a  solution  of  potassic  carbonate,  or  of  caustic  potash,  it  is  dissolved ; 
the  filtered  liquid  on  cooling  deposits  a  reddish-brown  substance,  known  as 
hermes  mineral.  This  substance  is  not  a  definite  compound,  but  is  a  variable 
mixture  of  antimonious  sesquisnlphide  and  sesquioxide,  the  latter  being  combined 
with  a  small  portion  of  the  alkali.  The  action  of  potassic  carbonate  on  the  sesqui* 
sulphide  may  be  represented  as  follows : — 

6K,C0,  +  3Sb,S,  +  3H,0  =  6KHC0,  +  jK^  +  2Sb,S,,Sb,0^ 

In  this  mixture  of  Sb,S,  and  Sb.^0,,  H.  Bose  found  crystals  of  antimonious  oxide, 
which  were  visible  by  the  aid  of  the  microscope.  Cream  of  tartar,  or  diluted 
hydrochloric  acid,  dissolves  out  the  sesquioxide,  leaving  the  sesquisnlphide.  If 
to  the  liquid,  after  deposition  of  the  kermes,  hydrochloric  acid  be  added,  effer- 
vescence takes  place,  with  escape  of  sulphuretted  hydrogen,  owing  to  the  decom- 
position of  dipotassic  sulphide,  and  the  excess  of  antimonious  sulphide  which  it 
retained  is  precipitated  as  the  golden  sulphide  qf  antimony.  This  sulphide 
contains  a  larger  proportion  of  sulphur  than  the  sesquisnlphide,  from  the  gradual 
oxidation  of  the  antimony  in  the  solution  before  the  precipitation  is  effected. 

Antimonic  sulphide  (Sb|S,  =>  404 ;  Comp.  f»  100  parts,  Sb,  60*4 ;  S,  39*6), 
or  Sulphantimanic  acid,  as  this  compound  is  often  termed,  may  be  obtained  by 
transmitting  a  current  of  sulphuretted  hydrogen  through  an  acid  solution  of 
antimonic  pentachloride.  It  forms  an  orange-yellow  precipitate,  which  is  anhy- 
drous, but  is  remarkable  for  the  facility  with  which  it  combines  with  the  sul- 
phides of  the  alkali-metals.  The  trisodic  sulphantimoniate  (Na^SbS4,9H20),  or 
Schlippe's  salt,  crystallizes  in  large  and  very  brilliant  transparent  tetrahedra.  It 
may  be  obtained  in  various  ways :  the  easiest  plan  consists  in  thoroughly  mixing 
18  parts  of  finely-powdered  antimonious  sulphide,  12  of  dried  sodic  carbonate, 
13  of  quicklime,  and  3^  of  sulphur;  the  mixture  is  ground  up  with  water,  and 
placed  in  a  well-closed  bottie,  which  is  completely  filled  with  water ;  it  is  allowed 
to  digest,  with  firequent  agitation,  for  24  hours ;  the  clear  liquid  is  filtered  off, 
and  allowed  to  evaporate  spontaneously  in  a  closed  vessel  over  sulphuric  acid. 
This  salt  when  mixed  with  an  acid  deposits  pure  antimonic  sulphide.  The  moist 
erystals  when  exposed  to  the  air  absorb  carbonic  acid  and  become  brown. 

(856)  Chlorides  of  Antimony. — ^Antimony  has  a  powerfiil 
attraction  for  chlorine.  It  forms  two  chlorides^  SbCI,  and  SbClg : 
they  correspond  in  composition  with  the  oxides  and  sulphides. 
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Aniimonious  chlarid€,OTTrichlorid€  of  antimony  (SbQjS  228*5);' 
Sp.  Gr.  of  Liquid,  at  73^  C.^  2*676;  of  Vapour,  78 ;  Futing-pU 

;  ReL  wt,  114*25;  Boiling-pt.  433^*4 


i6i°-6(72°C.);  MoLVol. 

(223°  C). — ^This  substance^  from  its  ready  fusibility,  was  formerly 
known  under  the  name  of  biUter  of  antimony.  It  may  be  obtained 
in  the  anhydrous  form  by  distilling  an  intimate  mixture  of  8  parts 
of  corrosive  sublimate  with  3  of  powdered  metallic  antimony ;  calo- 
mel^ antimonious  trichloride,  and  an  amalgam  of  antimony  are 
formed ;  2Sb  +  2HgCl5=  SbClj + SbHg  +  HgCl.  Antimonious  chlo- 
ride may  be  more  cheaply  prepared  by  mixing  antimonious  sul- 
phate with  twice  its  weight  of  sodic  chloride,  and  then  distilling 
the  mixture.  It  may  also  be  obtained  by  distilling  the  residue 
left  on  dissolving  antimonious  sulphide  in  hydrochloric  acid. 
The  trichloride  is  a  volatile,  fusible,  <;ry8tallizable  compound, 
which  is  deliquescent,  and  powerfully  corrosive  in  its  action  on 
animal  tissues ;  it  is  soluble  in  hydrochloric  acid,  and  in  a  small 
quantity  of  water :  but  if  thrown  into  a  large  mass  of  water  an 
insoluble  oxychloride  (SbCl3,Sb^03)  falls,  which  gradually  assumes 
a  compact  crystalline  form ;  it  was  formerly  called  powder  of 
algaroth.  On  diluting  a  hot  solution  of  antimonious  chloride  in 
hydrochloric  acid  with  hot  water,  it  deposits,  on  cooling,  brilliant 
needles,  which  maybe  represented  as  (2SbCl5,5Sb20g).  By  heat, 
the  trichloride  is  sublimed,  leaving  the  sesquioxide.  Antimonious 
chloride  is  used  for  bronzing  gun-barrels,  in  order  to  prevent  them 
from  rusting. 

Antimonic  chloride,  or  pentachloride  (SbCI^  =  299*5)  is  prepared  by  exposing 
powdered  antimony,  gently  heated  in  a  retort,  to  a  current  of  dry  chlorine  in 
excess.  It  forms  a  volatile,  colourless  liquid,  which  emits  dense,  suffocating 
white  fumes  when  exposed  to  the  air.  With  a  small  quantity  of  water  it  forms 
white,  deliquescent  crystals ;  but  it  is  decomposed  by  a  large  quantity  of  watery 
and  metantimonic  acid,  which  retains  a  little  hydrochloric  acid,  is  deposited: 
2SbCl,  +  7H3O  =  H4Sb20, 4-  loHCl.  Dry  antimonic  chloride  absorbs  sulphuretted 
hydrogen,  and  forms  with  it  a  white  crystalline  fusible  solid  (SbClsS),  which  cor- 
responds in  composition  to  phosphoric  chlorosulphide.  Both  the  antimonial 
chlorides  form  definite  compounds  with  ammonia.  The  pentachloride  is  some- 
times used  as  a  chlorinating  agent,  since  it  readily  parts  with  a  portion  of  iti 
chlorine  to  many  compounds  of  organic  origin  which  contain  hydrogen. 

Antimanums  &romt(/e^SbBrJ,or  the  tribromide, is  a  colourless  crystalline  solid. 
The  tri-iodide  is  a  solid  of  a  red  colour.  Tartar-emetic,  2[K(SbO)C^HpjH,0, 
is  an  important  salt  of  antimony,  which  is  used  in  medicine ;  it  will  be  described 
hereafter  with  the  other  tartrates. 

(857)  Characters  of  tbb  Compounds  of  Antimony. — ^Ac» 
cording  to  P^got  {Ann.  de  Chimie,  III.  xx.  297),  antimonious 
oxide^  by  its  reaction  with  acids^  forms  salts  which  contain  i^  2, 
or  4  equivalents  of  a  monobasic  acid  radicle.  Most  of  them  when 
largely  diluted  with  water  become  milky  from  the  deposition  of  a 


SULPHIDES  AND   CHLORIDES  OF  ANTIMONY*  679 

The  ooloor  is  prepared  by  pouriDg  a  omde  Bolation  of  antimoiiious  chloride  in 
hydrochlorio  acid  into  a  dilute  eolation  of  calcic  hjpoenlphite,  which  is  main- 
tained in  excess ;  on  heating  the  liquid  to  140^  (60^  C),  it  becomes  turbid,  and 
^pofiits  a  precipitate  which  is  at  first  yellow  and  ultimately  a  bright  orange  red. 
The  anhydrous  sesquisnlphide  may  also  be  obtained  of  a  beautiful  orange  colour, 
by  transmitting  sulphuretted  hydrogen  through  a  solution  of  any  salt  of  the 
metal :  on  being  heated  in  closed  vessels,  it  assumes  a  dark  metallic  appearance, 
resembling  that  of  the  native  sulphide.  If  heated  in  a  current  of  hydrogen  gas, 
tiie  sulphur  is  removed  and  metallic  antimony  is  left.  The  sesquisnlphide, 
whether  artificial  or  native,  is  dissolved  by  hot  hydrochloric  acid,  and  furnishes  a 
convenient  source  of  pure  sulphuretted  hydrogen,  provided  that  the  gas  be  washed, 
to  free  it  from  traces  of  antimony  and  hydrochloric  acid  which  it  is  apt  to  retain 
in  suspension. 

Antimonious  sulphide  is  readily  soluble  in  solutions  of  the  sulphides  of  the 
alkali-metals,  and  forms  colourless  compounds,  which  have  been  regarded  as 
double  sulphides,  or  tulphantimonites ;  a  hot  solution  of  the  alkaline  sulphide 
can  dissolve  much  more  of  the  sesquisnlphide  than  it  can  retain  when  cold ;  on 
the  addition  of  an  acid,  the  sulphide  of  the  alkali-metal  is  decomposed,  and  the 
antimonious  sulphide  is  reprecipitated.  If  the  sesquisnlphide  in  fine  powder  be 
boiled  with  a  solution  of  potassic  carbonate,  or  of  caustic  potash,  it  is  dissolved ; 
the  filtered  liquid  on  cooling  deposits  a  reddish-brown  substance,  known  as 
kermes  mineral.  This  substance  is  not  a  definite  compound,  but  is  a  variable 
mixture  of  antimonious  sesquisulphide  and  sesquioxide,  the  latter  being  combined 
with  a  small  portion  of  the  alkali.  The  action  of  potassic  carbonate  on  the  sesqui* 
sulphide  may  be  represented  as  follows : — 

6K,C0,  +  3Sb,S,  +  3H,0  =  6KHC0,  -I-  sKfi  -h  2Sb,S,,Sb,0^ 
In  this  mixture  of  Sb^S,  and  Sb^O,,  H.  Bose  found  crystals  of  antimonious  oxide, 
which  were  visible  by  the  aid  of  the  microscope.  Cream  of  tartar,  or  diluted 
hydrochloric  acid,  dissolves  out  the  sesquioxide,  leaving  the  sesquisulphide.  If 
to  the  liquid,  after  deposition  of  the  kermes,  hydrochloric  acid  be  added,  efier- 
▼eecence  takes  place,  with  escape  of  sulphuretted  hydrogen,  owing  to  the  deoom* 
position  of  dipotassic  sulphide,  and  the  excess  of  antimonious  sulphide  which  it 
retained  is  precipitated  as  the  golden  sulphide  qf  antimony.  This  sulphide 
contains  a  larger  proportion  of  sulphur  than  the  sesquisulphide,  from  the  gradual 
oxidation  of  the  antimony  in  the  solution  before  the  precipitation  is  effected. 

Antimonic  sulphide  (Sb|S^ »  404 ;  Cowip,  in  100  parts,  Sb,  60*4 ;  S,  39*6), 
or  Sulphantimonic  acid,  as  this  compound  is  often  termed,  may  be  obtained  by 
transmitting  a  current  of  sulphuretted  hydrogen  through  an  acid  solution  of 
antimonic  pentachloride.  It  forms  an  orange-yellow  precipitate,  which  is  anhy- 
drous, but  is  remarkable  for  the  facility  with  which  it  combines  with  the  sul- 
fides of  the  alkali-metals.  The  trisodic  sulphantimoniaie  ^di^^&^g'Rfi),  or 
Schlippe's  salt,  crystallizes  in  large  and  very  brilliant  transparent  tetrabedra.  It 
may  be  obtained  in  various  ways :  the  easiest  plan  consists  in  thoroughly  mixing 
18  parts  of  finely-powdered  antimonious  sulphide,  la  of  dried  sodic  carbonate, 
13  of  quicklime,  and  3^  of  sulphur;  the  mixture  is  ground  up  with  water,  and 
placed  in  a  well-closed  bottie,  which  is  completely  filled  with  water ;  it  is  aUowed 
to  digest,  with  firequent  agitation,  for  24  hours ;  the  clear  liquid  is  filtered  off, 
and  allowed  to  evaporate  spontaneously  in  a  closed  vessel  over  sulphuric  acid. 
This  salt  when  mixed  with  an  acid  deposits  pure  antimonic  sulphide.  The  moist 
crystals  when  exposed  to  the  air  absorb  carbonic  add  and  become  brown. 

(856)  Chlorides  of  Antimony. — ^Antimony  has  a  powerftd 
attraction  for  chlorine.  It  forms  two  chlorides^  SbCl,  and  SbClg : 
they  correspond  in  composition  with  the  oxides  and  sulphides. 
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Aniimofdous  chloride,  or  Trichloride  of  antimony  (SbClj = 228*5)  * 
Sp.  Gr.  of  Liquid,  at  73°JC.,  3-676;  of  Vapour,  7-8 ;   Fusing-fL 

;  ReL  wt.  114*25;  BoUing-pt.  433^*4 


i6i°-6(72°C.);  M0I.V0L 

(223°  C). — ^This  substance,  from  its  ready  fusibility^  was  formerly 
known  imder  the  name  of  butter  of  antimony.  It  may  be  obtained 
in  the  anhydrous  form  by  distilling  an  intimate  mixture  of  8  parts 
of  corrosive  sublimate  with  3  of  powdered  metallic  antimony ;  calo- 
mel, antimonious  trichloride,  and  an  amalgam  of  antimony  aie 
formed ;  2Sb  +  2HgCl2= SbOg  +  SbHg  +  HgCl.  Antimonious  chlo- 
ride  may  be  more  cheaply  prepared  by  mixing  antimonious  sul- 
phate with  twice  its  weight  of  sodic  chloride,  and  then  distilling 
the  mixture.  It  may  also  be  obtained  by  distiUing  the  residue 
left  on  dissolving  antimonious  sulphide  in  hydrochloric  acid. 
The  trichloride  is  a  volatile,  fusible,  <^stallizable  compound, 
which  is  deliquescent,  and  powerfully  corrosive  in  its  action  on 
animal  tifisues ;  it  is  soluble  in  hydrochloric  acid,  and  in  a  small 
quantity  of  water  :  but  if  thrown  into  a  large  mass  of  water  an 
insoluble  oxychloride  (SbCl3,Sb4|03)  falls,  which  gradually  assumes 
a  compact  crystalline  form ;  it  was  formerly  called  powder  cf 
algaroth.  On  diluting  a  hot  solution  of  antimonious  chloride  in 
hydrochloric  acid  with  hot  water,  it  deposits,  on  cooling,  brilliant 
needles,  which  may  be  represented  as  (2SbCl3,5Sb303).  By  heat, 
the  trichloride  is  sublimed,  leaving  the  sesquibxide.  Antimonious 
chloride  is  used  for  bronzing  gun-barrels,  in  order  to  prevent  them 
from  rusting. 

Aniimonic  chloride,  or  pentachlaride  (SbCl,  =  299*5)  is  prepared  by  expoung 
powdered  antimony,  gently  heated  in  a  retort,  to  a  current  of  dry  chJorine  in 
excess.  It  fonns  a  volatile,  colourless  liquid,  which  emits  dense,  suffocatixig 
white  fumes  when  exposed  to  the  air.  With  a  small  quantity  of  water  it  forms 
white,  deliquescent  crystals ;  but  it  is  decomposed  by  a  large  quantity  of  water, 
and  metantimonic  acid,  which  retains  a  little  hydrochloric  acid,  is  deposited: 
2SbCl,  +  jBfi  =  H4Sb30,  +  loHCl.  Dry  antimonic  chloride  absorbs  sulphuretted 
hydrogen,  and  forms  with  it  a  white  crystalline  fusible  solid  (SbClsS),  which  cor- 
responds in  composition  to  phosphoric  chlorosulphide.  Both  the  antimonial 
chlorides  form  definite  compounds  with  ammonia.  The  pentachloride  is  som^ 
times  used  as  a  chlorinating  agent,  since  it  readily  parts  with  a  portion  of  its 
chlorine  to  many  <x)mpounds  of  organic  origin  which  contain  hydrogen. 

Antimonunu  5roi7itV«^SbBrJ,or  the  trihromide,\%  a  colourless  crystalline  solid. 
The  iri-iodide  is  a  solid  of  a  red  colour.  Tartar-emetic,  2[K(SbO)C^H^OJH,0. 
is  an  important  salt  of  antimony,  which  is  used  in  medicine ;  it  will  be  described 
hereafter  with  the  other  tartrates. 

(857)  Characters  of  tbb  Compounds  of  Antimony. — Ac- 
cording  to  P^got  {Ann.  de  Chimie,  III.  xx.  297),  antimonious 
oxide,  by  its  reaction  with  acids,  forms  salts  which  contain  i,  %, 
or  4  equivalents  of  a  monobasic  acid  radicle.  Most  of  them  when 
largely  diluted  with  water  become  milky  from  the  deposition  of  a 
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basic  salt  of  sparing  solubility ;  but  this  milkiness  disappears  on 
the  addition  of  tartaric  aeid^  or  of  hydropotassic  tartrate.  They 
are  all  of  them  colourless,  and  when  taken  internally  in  large 
doses  produce  poisonous  effects.  Infusion  of  cinchona  bark  yields 
a  copious  insoluble  precipitate  with  antimonial  salts^  and  it  has 
been  recommended  to  administer  this  me£cine  in  cases  of  poison* 
ing  with  antimony :  it  is  not^  however,  to  be  relied  on. 

Except  when  tartaric  acid  is  present^  the  caustic  alkalies  give, 
Mrith  antimonial  salts^  a  white  precipitate  soluble  in  excess  of  the 
alkali ;  ammonia  and  the  carbonates  of  the  alkalies,  a  white  preci- 
pitate nearly  insoluble  in  excess.    But  the  characteristic  reaction  of 
these  salts  when  in  solution  is  the  formation  of  an  orange-coloured 
precipitate  of  antimonious  solphide^  when  their  solutions^  acidu- 
lated with  hydrochloric  acid,  are  acted  on  by  sulphuretted  hydrogen; 
this  precipitate  is  soluble  in  ammonic  hydrosulphide.     In  de- 
tecting   antimony    for   medico-legal    purposes,  antimoniuretted 
hydrogen  is  first  prepared,  and  subsequently  decomposed  by  heat. 
In  order  to   effect  this,  the  suspected  liquid,  after  boiling  with 
hydrochloric  acid  and  a  little  potassic  chlorate,  is  filtered  and  in- 
troduced into  Marsh's  apparatus ;  the  experiment  is  then  pro^ 
ceeded  with  as    directed  for  arsenic  (846).     A  more  delicate 
method  is  the  following : — ^The   suspected  solution  is  acidulated 
with  hydrochloric  acid,  and  boiled  with  a  slip  of  bright  copper 
foil,  which  becomes  coated  with  a  violet-coloured  film  of  reduced 
antimony :  when  heated,  with  the  precautions  directed  in  apply- 
ing B4Binsch's  test  for  arsenic  (p.  667),  the  antimony  gradually  be- 
comes oxidized,  and  at  a  high  temperature  the  oxide  is  volatilized, 
condensing  in  needles,  not,  like  that   of  arsenic,  in  octohedra ; 
but  the   metal  may  be  identified  by  heating  the  slip  in  a  tube 
with  a  solution  of  pure  potassic  hydrate,  exposing  the  surface  of 
the  metal  freely  to  the  air ;  the  antimony  is  gradually  oxidized 
and  dissolved.     The  solution  should  next  be  somewhat  diluted, 
submitted  to  the  action  of  sulphuretted  hydrogen,  filtered  from 
any  sulphide  of  copper  or  lead,  and  then  on  the  addition  of  hydro- 
chloric acid  in  slight  excess  the  antimony  is  precipitated  as  sesqui- 
sulphide  in  characteristic  orange  flocculi.     This  precipitate  may 
be  dissolved  in  hydrochloric  acid,  and  will  then  give  a  crust  of 
metallic  Antimony  if  introduced  into  Marsh's  apparatus. 

(858)  Estimation  of  Antimony, — In  determining  the  quantity  of  this  metal, 
the  solution  is  first  acidulated  with  a  mixture  of  hydrochloric  and  tartaric  adds, 
then  subjected  to  a  current  of  sulphuretted  hydrogen,  and  exposed  for  a  few  hoori 
in  an  open,  shallow  ^ish,  at  a  temperature  not  exceeding  104^  (40^  C.) :  the 
excess  of  solphuretted  hydrogen  is  thus  got  rid  of,  and  the  whole  of  the  antimony 
ia  separated  as  sesquisulphide,  bat  the  weight  of  the  dried  predpitated  sesqui- 
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salphide  cannot  be  relied  npon  as  farnishing  a  correct  datum  for  estimating  tiie 
metal,  because  it  is  liable  to  contain  a  variable  excess  of  uncombined  sulphur. 
It  must  therefore  be  dried  at  ioo°  C,  and  weighed ;  a  certain  proportion  of  it  is 
then  dissolyed  in  hot  aqua  reg^  after  which  the  solution  is  mixed  with  a  little 
tartaric  acid ;  and  the  sulphur,  which  has  by  this  means  been  converted  into 
sulphuric  acid,  is  precipitated  by  the  addition  of  baric  chloride :  the  sulphur  is 
calculated  from  the  weight  of  the  baric  sulphate  obtained,  and  deducted  firom  the 
weight  of  antimonious  sulphide  employed;  the  difference  is  estimated  as  anti- 
mony. According  to  Bunsen,  the  sulphide  may  be  converted  into  the  so-called 
antimonious  acid  (Sbs04),  in  which  form  it  may  be  weighed,  by  proceeding  as 
follows : — Place  the  sulphide  in  a  counterpoised  porcelain  capsule,  with  a  concave 
cover,  moisten  it  with  red  concentrated  nitric  acid,  and  evaporate  to  dryness  by 
the  aid  of  a  water-bath :  the  white  mass  of  antimonious  sesquisulphate,  which  is 
left,  is  converted  by  ignition  into  antimonious  acid,  loo  parts  of  which  correspond 
to  79*32  of  the  metal.  The  oxidation  of  the  antimonial  sulphide  may  also  be 
effected  by  mixing  it  intimately  with  40  or  50  times  its  weight  of  meronrie 
oxide,  and  simply  igniting  the  mixture  in  a  covered  crucible  until  it  ceases  to 
lose  weight ;  sulphurous  anhydride  and  metallic  mercury  are  expelled,  and  anti- 
monious acid  is  left  as  before.  If  the  precipitate  contain  a  large  excess  of  sulphur, 
it  may  be  digested  with  carbonic  disulphide  before  proceeding  to  the  osidatioo. 
Antimony  may  be  separated,  by  means  of  sulphuretted  hydrogen,  from  all  the 
metals  previously  described,  with  the  exception  of  cadmium,  tin,  tungsten,  molyb- 
denum, and  arsenicum.  Cadmic  sulphide  is  not  soluble  in  ammonic  hydro- 
sulphide,  whilst  that  of  antimony  is  soluble ;  this  liquid  may  therefore  be  em- 
ployed to  separate  these  metals. 

(859)  In  order  to  teparcUe  arsenic  firom  antimony,  the  mixed  sulphides  are 
digested  in  a  solution  of  ammonic  sesquicarbonate  containing  no  free  ammonia: 
this  solvent  takes  up  the  arsenious  sulphide,  and  dissolves  scarcely  any  anti- 
monious  sulphide. 

The  separation  qf  antimony  from  ^tii  in  a  metallic  alloy  may  be  effected 
with  tolerable  accuracy,  by  dissolving  the  alloy  in  hydrochloric  acid,  which  b  to 
be  mixed  with  a  small  proportion  of  nitric  acid,  in  order  to  prevent  loss  of  anti- 
mony as  antimoniuretted  hydrogen.  The  two  metals  are  then  precipitated 
together  by  means  of  metallic  sdnc,  and  the  pulverulent  metals  are  dried  it 
ioo°  C.  and  weighed.  This  precipitate  is  redissolved  in  weak  aqua  rq;ia,  sod 
is  digested  at  a  gentle  heat  upon  a  bar  of  tin,  which  throws  down  antimony 
only.     The  precipitated  metal  is  collected,  washed,  dried,  and  weighed. 

§  X.  Bismuth:  (Bi'"=3io.)     Sjp.  Gr.  9799; 
Fusing-pt.  507°*^  (264^  C). 

(860)  Bismuth  is  not  an  abundant  metal ;  it  ocean  generally 
in  the  native  state  in  quartz  rock^  and  is  extracted  firom  its  matrix 
by  simple  fusion^  the  mineral  being  usually  heated  in  iron  tubes, 
which  are  placed  across  the  furnace  in  an  inclined  position ;  the 
ore  is  introduced  at  the  upper  end^  and  the  melted  metal  is  drawn 
off  into  iron  basins  below^  by  opening  a  plugged  aperture  at  in- 
tervals. Fig.  360  shows  a  section  of  the  furnace  used  at  Schnee- 
berg  in  this  operation^  where  the  bismuth  is  extracted  from  an 
ore  rich  in  cobalt.  Occasionally  it  is  found  as  a  sesquioxide, 
or  as  a  sesquisulphide^  and  sometimes  it  is  met  with  combined  with 
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iellnrinm.  It  generally  containB  ailTer,  which  may  "be  extracted 
by  cnpellation.  Its  minea  occur  for  the  most  part  in  Saxony, 
TraQBylTania,  and  Bo- 
hemia. Commercial  bia- 
math  is  never  pure :  it 
ia  apt  to  contain  a  little 
solphnr  and  arsenic, 
which  may  be  got  nd  of 
by  fining  the  metal  with 
about  one-tenth  of  its 
weight  of  nitre;  but  it  I 
still  retains  silver,  lead, 
and  iron.  It  may  be  ob- 
tained free  fiom  these  impurities  by  solution  m  nitnc  acid  the 
*cid  liquid  when  saturated  with  the  metal  is  allowed  to  become 
clear,  and  is  poured  mto  a  large  bulk  of  water  A  sparmgly 
Bolnble  basic  bismuth  nitrate  la  thus  precipitated ,  it  is  washed, 
dned,  and  reduced  m  a  crucible  by  igmtion  with  one-tenth  of  its 
weight  of  charcoal :  pure  bismuth  collects  at  the  bottom. 

Properiiea, — Bismuth  is  a  hard,  brittle  metal,  of  a  reddish- white 
colour;  it  fuses  at  507°'!  (264°  C),  according  to  Rudberg  (or5i2°-6 
[367°  C],  Person),  and  it  expands  considerably  at  the  moment 
of  congelation ;  when  pure  it  may  be  obtained  by  slow  cooling 
afier  fiuion  (72)  crystallized  in  large  cubes,*  which  are  frequently 
bollow.  Marchand  and  Scheerer  found  that  the  density  of  bis- 
muth was  diminished  by  powerful  compression,  probably  owing 
to  the  formation  of  minute  internal  fissures ;  they  thus  reduced  it 
firom  9799  to  9' 556.  Bismuth  is  slightly  volatile  when  strongly 
heated.  It  is  but  little  altered  by  exposure  to  the  air  at  ordinary 
temperatures,  but  is  rapidly  ozidiEcd  if  exposed  to  the  air  at  a  red 
heat ;  if  thrown  in  powder  into  chlorine  it  takes  fire :  it  also 
onitea  easily  with  bromine,  with  iodine,  and  with  sulphur.  Hydro- 
chloric acid  has  little  action  on  it.  Boiling  snlphuric  acid  oxidizes 
it  with  evolution  of  sulphurous  anhydride ;  but  its  proper  solvent 
is  nitric  acid,  which  oxidises  and  dissolves  it  rapidly. 

Uteg. — ^The  applications  of  bismuth  are  but  limited ;  it  is  occ^ 
aionally  employed  instead  of  lead  in  cnpellation ;  some  of  its  com- 
pounds are  used  as  pigments,  and  the  basic  nitrate  is  employed 
medicinally.     Its  most  renuirkable  alloy  u  that  known  as  fttnbU 


*  The  crjst&Ii  of  bumnth,  however,  belong  to  tlie  rhombohedial  lystem,  M 
thcT  an  not  tnu  onbea,  but  rhombohedn,  the  angle*  of  whidi  ue  within  3°  ao' 
flf  right  ugies. 
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metal.  This  is  composed  of  2  parts  of  bismuth^  i  of  lead,  and  1 
of  tin^  or  2  atoms  of  bismuth^  i  of  lead^  and  2  of  tm.  The  mix- 
ture fuses  at  a  little  below  loo^  C.^  and  passes  throngfa  a  pastj 
condition  previous  to  complete  fusion.  It  dilates  in  an  anomalooi 
manner^  when  exposed'  to  heat ;  according  to  Erman  it  expindi 
regularly  from  cPC.  to  3^,  then  contracts  gradually  to  55®,at  whick 
point  it  occupies  a  less  bulk  than  it  did  at  o^  ;  it  then  expandi 
rapidly  till  it  reaches  80°  C,  and  from  that  point  till  it  melti  iti 
expansion  is  uniform.  This  faculty  of  expanding  as  it  codt, 
while  still  in  the  soft  state^  renders  the  alloy  very  valuable  to 
the  die  sinker^  who  employs  it  to  test  the  perfection  of  his  die,— 
every  line  being  faithfully  reproduced  on  taking  a  cast  Hie 
addition  of  cadmium  to  this  alloy  depresses  its  fosing-point  stiB 
further  (716). 

Bismuth  increases  the  fusibility  of  those  metals  with  which  it 
is  alloyed  to  a  remarkable  extent. 

(^i)  Oxides  op  Bismuth.  —  Bismuth  forms  two  prindpsl 
oxides :  a  sesquioxide  (Bi^O^),  and  an  add  oxide  or  anhydiide 
(Bi^Og) ;  besides  these  there  is  a  compound  oxide  (Bi^OJ,  fonned 
by  the  union  of  the  two  preceding  combinations.  A  bismuth- 
ous  oxide  (BiO)  of  a  velvet-black  colour  may  also  be  obtained 
(Schneider)  by  treating  equivalent  quantities  of  bismuth  chlo- 
ride and  stannous  chloride  with  an  excess  of  caustic  potash^  filta^ 
ing  and  drying  in  a  current  of  carbonic  anhydride  :  it  bums  into 
the  sesquioxide  when  heated  in  the  air. 

Bismuth  oxide,  or  Sesquioxide  of  bismuth  (Bi203=468) ;  ^ 
Gr.  8-31 1 ;  Comp,  in  100  parts,  Bi,  8974;  O,  io*a6. — ^This  com- 
pound may  be  obtained  in  the  anhydrous  form^  hy  heating  the 
nitrate  or  the  basic  nitrate  of  the  metal  to  low  redness.  It  is  a 
yellow^  insoluble  powder^  which  fuses  at  a  red  heat,  and  is  easily 
reduced  to  the  metallic  state  by  heating  it  with  charcoal.  A 
white  hydrate  of  this  oxide  (Bi^^O^^HsO)  may  also  be  procured  by 
precipitating  a  salt  of  bismuth  by  an  excess  of  anunonia. 

Bismuihic  anhydride  (Bi,0,  =  500),  or  Peroxide  of  biemutk,  may  be  pnh 
cured  by  digesting  the  washed  hydrated  sesquioxide  in  a  oonoentnted  solntiaii  of 
potash,  and  transmitting  chlorine  gas.  A  blood-red  solution  of  potasaic  biamothate 
is  thus  obtained,  and  a  red  precipitate  is  formed,  which  is  to  be  well  washed,  and 
then  digested  in  cold  nitric  acid  to  remove  the  bismuth  oxide  with  whidi  it  ii 
always  mixed.  A  red  powder  is  thus  left,  which  is  bismuthic  add  (HBiO^ ;  hj 
a  heat  of  269^*6  (132°  0.)  it  is  rendered  anhydrous,  and  assumes  a  brown  ookar. 
At  a  somewhat  higher  temperature  it  loses  oxygen,  and  becomes  converted  into 
the  intermediate  oxide,  or  bismuth  bismuthate.  According  to  Arppe,  man 
than  one  of  these  intermediate  oxides  may  be  formed.  Bismnthic  add  fonni 
salts  with  the  alkali-metals,  but  these  compounds  are  decomposed  by  mere  waih* 
ing  with  water.     The  acid  is  decomposed  by  concentrated  solphiuie  add  al 
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ordinary  temperatures,  and  by  nitric  acid  if  the  temperature  be  nused,  oxygen 
being  expelled  and  a  salt  corresponding  to  bismuth  oxide  formed. 

(862)  Bismuth  Sulphide^  or  Sesquundphide  of  bismuth 
(£1383=516)^  occurs  native  aa  bismuth  glance  in  delicate  needles^ 
and  in  crystals  isomorphons  witb  those  of  native  antimonious  siil« 
phide.  It  may  be  formed  artificially  by  fusing  the  metal  with 
sulphur :  a  fusible  dark  gi^y  compound^  with  a  feebly  metallic 
lustre^  is  thus  obtained  ;  in  closed  vessels  it  is  decomposed  into  a 
Bubsulphide,  and  into  free  sulphur,  which  distils ;  in  the  open  air 
Bulphurous  anhydride'  escapes,,  and  bismuth  oxide  remains.  When 
solutions  of  bismuth  are  treated  with  sulphuretted  hydrogsen,  a 
black  precipitate  of  the  sesquisulphide  is  formed.  Bismuth  sul- 
phide is  dissolved  by  the  metal  in  all  proportions,  a  circumstance 
which  affords  an  easy  method  of  obtaining  it  in  crystals,  since  the 
sesquisulphide  crystallizes  at  a.  temperature  at  which  the  metal 
still  remains  fluid. 

(863)  BisicuTH  Chlobidb,  or  Trichloride  qf  bismuth  (BiCl^s  3 16*5 ; 
Sp.  Gr,  of  vapour,  ii'i6 ;  qf  solid,  4*56;  MoL  Vol  rTI;  BeL  loi,  158-25), 
may  be  obtained  by  beating  bismutb  witb  chlorine,  or  by  mixing  the  metal  in 
fine  powder  with  twice  its  weight  of  corrosive  sublimate,  and  distilling;  It  is 
a  very  fusible,,  volatile,  deliquescent  compound ;  but  is>  decomposed  by  a  large 
quantity  of  water  into  free  hydroehloric  acid,  and  bismnth  oxychloride 
[2(BiCl,,Bi|0^,H,0],  known  under  the  name  of  pearl  tohite.  This  compound 
is  insoluble  in  tartaric  acid,  in  solution  of  potash,  and  in  ammonic  hydrosul- 
phide,  characters  which  distinguuh  it  itom  the  corresponding  compound  of 
antimony. 

Bismuth  Iodide,  or  Tri'ibdi'de  of  bismuth  (Bil^;  £^.  Ghr,  5*6^2),  is  ob- 
tained by  heating  in  closed  vessels  6  parts  of  bismuth  with  1 1  of  iodine ;  it 
lablimes  in  six>sided,  brilliant  plates.  It  is  readily  fusible^  is  of  a  dark-brown 
colour,  and  is  insoluble  in  water  ^  but  it  forms  solulHe  compounds  with  hydro- 
diloric  acid,  and'  with  potassic  iodide. 

(864)  Bismuth  nitrate y  or  Nitrate  of  bismuth  (Bi3N0^5Hj,0 
=396-1-90) ;  Sp.  Gr.  2*376.— This  salt  is-  the  only  other  soluble 
compound  of  bismuth  of  any  imp(»tance>  and  is  easily  procured 
by  dissolving:  the  metal  in  nitric  acid :  it  may  be  crystallized  firom 
the  acid  sojutibn  in  large  transparent  prisms.  If  the  solution^  not 
too  strongly  acid,  be  largely  diluted  with  water}  an  acid  salt  re* 
mains  in  the  liquid^  and  a  subnitrate  falls  (Bi^Og^^HNOj)^  called 
by  the  old  writers  magistery  of  bismuth :  another  basic  nitrate 
(Bi^Oj^HNOj)  is. also,  known.  These  basic  nitrates  appear  to  lose 
acid  by  washing. 

(865)  Characters  op  the  Salts  op  Bismuth. — Bismuth  when 
in  solution  presents  characters  less  marked  than  many  metals. 
Its  salts  are  colourless  unless  the  acid  be  coloured ;  they  are 
poisonous  in  large  doses;  its  solutions  have  an  acid   reaction; 
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when   diluted  they  become  milky,  owing   to  the  foimadan  of 
sparingly  soluble  basic  salts,  unless  a  large  excess  of  acid  be  pie- 
sent.     Iron,  zinc,  copper,  and  tin  throw  down  bismuth  from  iti 
solutions  in  the  metallic  state.     The  hydrated  alkalie$  gite  % 
white  precipitate  of  the  hydrated  sesquioxide,  which  is  insoluble 
in  excess  of  the  precipitant,  and  becomes  yellow  by  boiUng  it 
with  the  liquid.    Solutions  of  the  carbonates,  pho^hates,  tartrakij 
and  ferrocyamdes  give  white  precipitates  with  its  salts.     Bn- 
muth  phosphate  is  insoluble  in  diluted  nitric  and    acetic  addiy 
and  it  has  in  consequence  been  proposed  by  Chancel  as  a  con- 
yenient  form  in  which  phosphoric  acid  may  be  precipitated  fiom 
acid  solutions  (448).     This  phosphate  is,  however,  lai^ly  soluble 
in  hydrochloric  acid,  whilst  if  sulphuric  acid  is  present  the  pre- 
cipitate generally  becomes  contaminated  with  basic  bismuth  sul- 
phate.    Sulphuretted  hydrogen  throws  down  a  black  bismuth  suL 
phide,  which  is  insoluble  in  ammonic  hydrosulphide.      Pota$mc 
chromate  gives  a  yellow  precipitate  of  bismuth  chromate,  which 
is  insoluble  in  caustic  potash,  but  freely  soluble  in  diluted  nitric 
acid ;  it  is   thus  distinguished  from  plumbic  chromate.     Befan 
the  blowpipe  its  salts  are  easily  reduced  on  charcoal^  and  yield  a 
brittle  bead  of  bismuth,    around    which  the  yellow    oxide  it 

deposited. 

(866)  Ettimation  qf  Bismuth, — BiAmath  is  estimated  in  the  form  of  bismtlk 
oxide  (Bi,0,),  100  parts  of  which  correspond  to  89*74  of  the  metaL  Ammook 
sesquicarbonate  is  its  best  precipitant,  bat  the  solution  most  not  contain  anj 
chloride  or  hydrochloric  acid,  as  an  oxychloride  of  bismuth  would  in  that  caas  be 
precipitated,  and  a  portion  of  the  bismuth  would  be  Tolatilized  with  the  ohkriis 
on  ignition ;  the  metal  must  in  such  a  case  be  precipitated  in  the  form  of  Besqid- 
sulphide.  It  may  be  separated  from  the  alkalies,  from  titanium,  and  from  aU 
the  metals  of  the  first  four  groups  (with  the  exception  of  cadmium),  by  means  of 
sulphuretted  hydrogen ;  the  solution  having  been  first  acidulated  with  aeetk 
acid.  From  tin,  and  from  the  metals  of  the  fifUi  group,  it  may  be  aepanted  hf 
digesting  the  mixed  sulphides  (obtained  by  transmitting  sulphuretted  bydrogea 
through  the  liquid)  in  ammonic  hydrosulphide,  which  learea  the  biamutk 
sulphide,  and  dissolves  the  other  sulphides.  The  sesquisulphide  most  be  dis- 
solved in  nitric  acid,  and  precipitated  by  ammonic  sesquicarbonate^  which  after 
standing  for  a  few  hours  throws  down  Uie  whole  of  the  bismuth  in  the  totem  of 
carbonate :  it  must  be  ignited  in  a  porcelain  crudble ;  carbonic  anhydride  it  thai 
expelled,  and  bismuth  oxide  (Bi^Oj)  remains. 

Bismuth  may  be  separated  firom  cadmium  by  the  addition  of  ammonia  is 
excess  to  the  solution  of  the  sulphides  in  nitric  add ;  the  cadmium  is  retained  id 
solution,  whilst  the  bismuth  is  precipitated. 
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OROUF  VII. — COFFER^  LEAD^   THALLIUM^  AND  INDIUM. 
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These  metals  have  no  close  chemical  relationship.  Thallium 
is  a  monad^  and  resembles  silver  in  its  specific  heat^  but  is  more 
like  lead  in  physical  properties  and  in  its  compounds. 

§  I.  Coffer  :  (Cuprum)  Cu"=63-5.    8p.  Gr.  from  8-921  to  8-952  ; 

Fimng-pt.  1996^  (1091^  C.) ;  Monad  in  Cupreous  salts^  as 

CuCl ;  Dyad  in  Cupric  salts,  as  CuCl,. 

(867)  The  ores  of  copper  are  numerous.  The  metal  is  fre- 
quently found  native^  crystallized  in  cubes^  octohedra^  or  dendritic 
crystals ;  or  else  in  masses,  as  in  the  North  American  and  Siberian 
mines.  In  the  neighbourhood  of  Lake  Superior  there  is  a  vein 
of  massive  native  copper,  associated  with  silver;  this  vein  is  in 
many  parts  two  feet,  or  0'6  metre,  in  thickness.  The  most 
common  ore  of  copper,  however,  is  the  copper  pyrites,  or  double 
sulphide  of  copper  and  iron  (Cu2S,Fe3S3),  which  occurs  in  the 
primitive  rocks,  and  especially  in  the  killas,  or  clay-slate.  More 
rarely  the  pure  cupreous  sulphide  (Cu^S)  is  found  in  the  mines  of 
Cornwall  and  of  the  Ural  Mountains.  Other  less  abundant  ores 
are  the  blue  and  green  carbonates,  and  the  red  and  black  oxides 
of  copper.  ? 

The  Cornish  mines  furnish  more  than  a  third  of  the  copper 
which  is  smelted  in  Great  Britain,  but  considerable  supplies  of  ore 
are  received  from  Chili,  Cuba,  South  Australia,  and  Spain.  The 
most  important  seat  of  the  copper  smelting  is  Swansea,  which  sends 
forth  annually  from  18,000  to  20,000  tons  of  the  refined  metal.. 
North  America  and  Saxony  supply  the  larger  portion  of  the* 
remainder.  The  Australian  ore  consists  chiefly  of  the  green  and' 
blue  carbonate  in  a  siliceous  matrix ;  these  ores  contain  from  25 
to  35  per  cent,  of  copper.  Cuba  frurmshes  both  the  oxides  and 
the  sulphides  of  the  metal.     Many  of  the  ores  from  Chili  ara 
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valuable  on  account  of  the  large  proportion  of  silver  wliicli  they 
contain.  The  Cornish  copper  pyrites  usually  occurs  (mixed  with 
small  quantities  of  stannic  oxide  and  arsenical  pyrites)  in  a  matrix 
of  quartz^  fluor-spar^  and  clay. 

(868)  Extraction, — ^The  main  object  in  the  treatment  of  such 
an  ore  as  the  Cornish^  is  to  oxidize  and  remove  the  sulphur  and 
arsenic  in  the  form  of  sulphurous  and  arsei^ous  anhydrides^  and 
to  get  rid  of  the  quartz  and  oxide  of  iron  in  the  form  of  a  fusible 
slag^  composed  of  silicate  of  iron  combined  with  other  earthy 
impurities^  leaving  metallic  copper  free  from  admixture. 

After  the  ore  has  been  raised  from  the  mine  it  is  sorted ;  the 
purest  portions  are  broken  into  small  pieces  of  the  size  of  a  hazel- 
nut^ and  the  earthy  portions  are  crushed  and  sifted^  as  in  washing 
tin  ore.  The  English  ore  is  usually  so  mixed  that  it  may  contain 
an  average  of  8J  per  cent,  of  copper. 

The  theory  of  copper  smelting  as  practised  at  Swansea,  like 
that  of  many  other  operations  in  the  arts^  is  simple,  though  the 
working  details  have  the  appearance  of  being  complicated.*  The 
principal  processes  may,  however,  be  enumerated  as  follows : — 

1.  Caleihing  the  ore. 

2.  Melting  and  granulating  for  coarse  metal, 
3*  Calcination  of  the  coarse  metal. 

4.  Melting  for  fine  metal. 

5.  Boasting  of  the  fine  metal. 

6.  Refining  and  toughening. 

We  shall  make  a  few  remarks  upon  each  of  these  processes  in 
succession. 

(869)  I,  Calcining  the  Ore. — ^The  calcination  is  conducted  in 
large  reverberatory  furnaces,  upon  quantities  of  about  3  tons  at  a 
time ;  the  heat  is  moderate,  so  as  to  avoid  fosing  the  mass,  which 
is  spread  evenly  over  the  floor  of  the  famace,  and  stirred  at  inter- 
vals of  2  hours :  this  soasting  is  continued  for  12  hours,  at  the 
end  of  which  time  the  mass  is  converted  into  a  black  powder  con- 


^  The  apparent  complication  of  the  prooetn  arises  from  one  of  its  gnsl 
practical  merits — y\z,,  from  the  circumstance  that  it  admits  of  being  modified  to 
gait  almost  eveiy  varietj  of  ore,  and  these  modifications  necessarily  tend  to  in* 
crease  its  complexity.  Le  Play  enumerates  six  principal  varieties  of  ores  aa  bnng 
wrought  by  this  method. — i.  Pyritous^  ores,  containing  from  3  to  15  per  cent, 
of  copper.  2.  Richer  ores  of  the  same  kind,  yielding  from  15  to  25  per  cent  of 
copper.  3.  Siliceous  oxides  of  copper,  yielding  from  12  to  20>per  cent,  of  metaL 
4.  Oxides  and  carbonates  with  subsulphide  of  copper,  in  a  siliceous  matnz.  5« 
Yery  pure  siliceous  sulphides  of  copper  and  iron,  yielding  from  10  to  15  per  cent 
of  copper ;  and  6.  Pure  sulphides  and  oxides  of  copper  containing  from  60  to  80 
fer  cent  of  the  metaL 
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f  tnipreons  sulphide,  oxide  and  uQdecomposed  sulpliide  of 
ud  earthy  impuritiea.  Oxygen  has  a  stronger  attraction  for 
lan  for  copper,  but  the  attraction  of  sulphur  for  copper  is 
r  than  for  iron ;  and  the  effect  of  the  roasting  is  seen  in  the 
:tion  of  ferric  oxide  and  sulphurous  anhydride,  whilst  the 
ns  sulphide  remaina  unacted  upon.  During  this  and  the 
uent  processes,  abundant  white  deleterious  iumes  are  given 
intaining  arsenious,  sulphurous,  sulphuric,  and  hydrofluoric 
tnd  a  certain  portion  of  metallic  arsenic.  These  fumes  hang 
dense  canopy  over  the  smelting  works  and  their  vicinity : 
lud  of  copper  smoke,  as  it  is  called,  may  he  discerned  at  the 
«  of  many  miles. 

e  calcining  furnace  employed  in  Wales  is  shown  in  section 
361,  and  a  plan  of  the  hearth  is  exhibited  in  fig.  362.     a  is 
Fio.  361. 


place :  b,  the  bridge ;  c  c,  the  hearth  or  roasting  bed ;  d,  d, 
rtures  in  the  floor,  through  which,  by  withdrawing  an  iron 


690  MELTING  FOB  C0AK8E   METAL. 

slides  the  charge  can  be  allowed  to  pass  into  the  cub,  or  vault,  i, 
when  the  roasting  is  complete ;  f,f,  are  the  flues ;  ^  is  an  opening 
for  the  admission  of  air  to  the  hearth ;  h^  h^  are  the  hoppers  tat 
charging  the  furnace^  and  t,  a  platform  oyer  which  the  barrowi  of 
ore  are  conveyed  to  the  hoppers. 

The  fiiel  used  in  roasting  the  ore  is  chiefly  anthracite,  a  coil 
which,  under  ordinary  management,  yields  no  flame,    flame^  how- 
ever^  is  absolutely  necessary  to  the  proper  roasting  of  the  copper 
ore :  experience  has  taught  the  copper  smelter  to  obtain  this  ded- 
deratum  by  limiting  the  supply  of  air  to  the  fiiel  in  the  fire-grate, 
thus  causing  the  carbonic  anhydride  which  is  formed  at  the  lower 
part  of  the  fire  to  be  converted  into  carbonic  oxide.      By  a  nice 
adjustment  of  the  supply  of  air  through  ff,  the  other  apertures  of 
the  furnace  being  closed,  the  carbonic  oxide  is  gradually  bunied 
as  it  plays  over  the  ore  upon  the  hearth,  c  c ;  the  maximum  of 
heat  is  thus  obtained  at  the  minimum  cost  of  fuel,  the  carbonic 
oxide  being  completely  burned  before  it  reaches  the  fiue.    An 
admirable  analysis  of  this  operation  is  given  by  Le  Play  in  his 
elaborate  memoir  on  the  Welsh  method  of  copper  smelting  (Am, 
des  Mines,  IV.  xiii.  128).* 

(870)  2.  Melting  for  Coarse  Metal, — ^The  roasted  ore  is  now 
subjected  to  fusion  in  the  ore  furnace  with  certain  proportions  of 
slag,  the  produce  of  a  subsequent  operation^  of  siliceoua  ore  free 
from  sulphur,  and  of  fiuor-spar  if  necessary :  by  this  means  tlie 
charge  is  converted  into  a  fusible  slag,  consisting  chiefly  of  a 
ferrous  silicate,  and  into  sulphides  of  copper  and  iron^  which  siok 
through  the  slag,  and  form  what  is  termed  a  matt.  This  fusion  occa- 
pies  about  5  hours,  each  charge  containing  about  i^  ton  of  roasted 
ore.  The  matt  thus  procured  contains  about  33  per  cent,  of  cop- 
per :  it  is  run  off  while  liquid  into  water,  by  which  it  is  granulated. 
The  product  goes  by  the  name  of  coarse  metal.     The  slag  which 


*  The  heat  emitted  during  the  oombiutum  of  anthzacite  is  very  intente,  10 
that  it  causes  a  rapid  oxidation  of  the  fire-bara  of  the  fomaoe.  This  fuel  hai  also 
the  inconvenience  of  splitting  into  small  fragments,  whiok  choke  the  air-wayi 
between  the  bars,  if  the  heat  be  sad^^lily  applied.  The  copper  smelter  ofa> 
comes  these  difficulties  bj  employing  a. grate  consisting  only  of  a  few  bars,  which 
do  not  come  into  contact  with  the  fuel  itself,  but  only  serve  as  a  support  for  the 
clinker  produced  during  the  combustion  of  the  coaL  A  bed  of  clinkers,  12  or  J  6 
inches  (30  or  40^^')  thick, rests  upon  the  fire-bars,and  above  thu  the  fuel  is  burned: 
from  time  to  time  the  .fireman  removes  portions  of  the  clinker  as  it  accumulates. 

Mr.  Vivian  has  lately  tried  with  success  Gerstenhbfer's  method  of  roasting 
these  ores,  in  which  they  are  supplied  in  a  crushed  state  continuooslj  to  a  fur- 
nace of  special  construction.  The  sulphur  of  the  ore  itself,  after  the  furnace  is 
lighted,  maintains  the  necessary  temperature  for  continuing  the  oombustion, 
whilst  the  sulphurous  acid  is  conducted  into  leaden  chambers  and  ocMiTerted  into 
sulphuric  acid. 
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floats  abore  the  matt  is  raked  out  of  the  fiimace  at  a  separate 
aperture.    It  ought  to  contain  no  appreciable  quantity  of  copper. 

3.  Calcination  of  the  Coarse  Metal. — ^The  granulated  metal  is 
again  roasted  for  24  hours^  during  which  operation  a  large  pro- 
portion of  the  sulphide  of  iron  is  converted  into  oxide. 

4.  Melting  for  Fine  Metal. — ^A  second  fusion  is  performed 
upon  this  calcined  matt  with  the  addition  of  a  portion  of  copper 
ore  known  to  be  rich  in  cupric  oxide  and  in  silica,  and  to  contain 
but  little  iron  pyrites.  By  this  means  the  iron  is  removed  in  the 
form  of  a  fresh  slag  of  silicate  of  iron^  and  the  oxygen  contained 
in  the  freshly  added  cupric  oxide  completes  the  oxidation  of  any 
portion  of  iron  pyrites  still  remaining ;  the  oxide  of  copper  and 
the  whole  of  the  sulphide  of  this  metal  being  reduced  to  the  state 
of  cupreous  sulphide  (CUj|S)  or  fine  metal.  The  slags  from  this 
process^  and  all  the  subsequent  ones^  are  preserved.  This  matt 
contains  about  80  per  cent,  of  copper.  It  is  cast  into  pigs.  If 
a  very  pure  metal  be  required^  the  roasting  is  carried  a  little 
further ;  a  portion  of  the  metal  is  thus  reduced :  this  portion  con- 
tains the  greater  part  of  the  foreign  metals^  which  give  up  their 
sulphur  more  readily  than  the  copper ;  the  reduced  metid,  from 
its  greater  density^  sinks  to  the  bottom ;  the  upper  parts  of  the 
pigs  are  subsequently  detached  from  the  lower  portions^  and  the 
metal  extracted  from  the  upper  portions  of  the  ingots  is  known  in 
the  market  as  best  selected  copper. 

5.  Roasting  for  Blistered  Copper. — ^The  fine  metal  or  cupreous 
sulphide  is  now  to  be  freed  from  the  sulphur,  which  has  hitherto 
been  useful  by  forming  a  fusible  compoimd  with  the  copper,  thus 
fJEtcilitating  its  separation  from  the  impurities  by  which  it  was 
accompanied.  With  this  view  the  pigs  of  fine  metal  are  next 
subjected,  for  several  hours,  upon  the  bed  of  a  reverberatory,  to  a 
heat  just  short  of  that  reqidred  to  fuse  them ;  the  metal  by  this 
means  becomes  oxidized  at  the  surface,  and  a  part  of  the  sulphur 
which  it  still  retains  is  also  oxidized ;  at  last  it  is  fused :  a  remark- 
able reaction  then  begins  to  take  place.  When  cupric  oxide 
and  cupreous  sulphide  are  heated  together,  they  decompose  each 
other ;  sulphurous  anhydride  and  metallic  copper  are  liberated ; 
Cu3S  +  2CuO=SOj,+4Cu.  It  is  not  desirable  that  the  tempera- 
ture should  be  too  strongly  raised,  as  the  cupric  oxide  would 
then  combine  with  the  silica  still  present  in  the  mass,  and  would 
cease  to  exert  its  oxidizing  influence.  After  the  charge  has 
become  liquid,  the  temperature  of  the  furnace  is  allowed  to  iall ; 
the  melted  mass  solidifies  upon  its  surface,  and  an  appearance  of 
violent  ebullition  is  produced  from  the  formation  of  sulphurous 
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anhydride  and  its  efforts  to  escape  from  the  tenacious  mixture: 
when  this  ceases^  the  desulphuration  is  complete.  The  heat  ii 
now  rendered  very  intense^  the  copper  melts  and  sinks  to  llie 
bottom,  and  separates  completely  from  the  slag,  which  connsU 
chiefly  of  cupreous  silicate ;  the  reduced  metal  is  then  run  off  into 
sand  moulds.  The  ingots  thus  obtained,  being  fiill  of  bubbles, 
are  termed  pimple  or  blistered  copper. 

(871)  6.  Refining  or  Toughening. — ^The  blistered  copper  now 
undergoes  the  concluding  operation  of  refining.      From  7  to  8 
tons,  or  about  8000  kilos.,  of  the  metal  are  placed  in  a  reyerbe- 
ratory  furnace  and  kept  in  a  melted  state  for  upwards  of  20  honn, 
in  order  to  oxidate  the  last  traces  of  foreign  metals :  daring  tldf 
process  a  large  quantity  of  cupreous  oxide  is  formed ;  part  of  this 
oxide  is  absorbed  by  the  melted  metal,  and  the  copper,  if  examined 
at  this  stage,  is  found  to  be  of  a  dull  red  colour,  coarse  grained 
and  brittle.     To  reduce  this  oxide,  the  slags  are  skimmed  off,  tnd 
the  surface  is  covered  with  a  few  shovelfuls  of  anthracite  or  of 
charcoal;  the  metal  is  then  subjected  to  the  process  of poBng, id 
which  the  trunk  of  a  young  tree  is  thrust  into  the  molten  metiL 
The  inflammable  gases  disengaged  from  the  green  wood  as  it  dian, 
produce  a  powerful  agitation  of  the  whole  mass,  and  in  about  20 
minutes  the  poling  is  finished.     The  reducing  influence  of  the 
combustible  gases  has  in  the  mean  time  been  brought  to  bear  upon 
every  portion  of  the  melted  metal.     In  this  way  the  oxide  dif- 
fused through  the  mass  is  deprived  of  oxygen.     If  the  poling  be 
carried  too  far,  the  copper  again  becomes  brittle,  and  is  said  to 
be  overpoled.     This  defect  may  be  remedied  by  exposing  the 
surface  of  the  melted  metal  to  a  current  of  air.      If  too  littk 
poling  be  used,  the  metal  is  still  brittle,  and  it  is  then  said  to  be 
underpoled.      The  progress   of  the   poling,  therefore,    reqairo 
careful  watching :  the  refiner  tests  the  metal  from  time  to  time 
by  dipping  a  small  test-ladle  into  the  melted  mass ;  a  sample  of 
copper  is  thus  removed,  and  cooled  suddenly  by  immersion  in 
water :  the  grain  of  the  copper  is  judged  of  by  cutting  the  ham- 
mered button  partially  through  with  a  chisel  or  shears,  and  then 
bending  it  by  placing  it  in  a  vice.    If  properly  refined,  the  broken 
surface  will  display  a  fibrous   structure  with  a  beautiful  silky 
lustre.     If  underpoled,  the   f5pacture  will  be  granular,  with  a 
number  of  red  points.     If  overpoled,  the  fibres  become  coarser, 
and  the  fracture  has  a  strong  metallic  lustre,  but  the  silky  appear- 
ance is  wanting.     When,  upon  testing,  the  copper  appears  to  be 
fine  grained,  fibrous,  and  silky,  of  good  colour,  and  malleaUe,  it 
is  either  ladled  out  and  cast  into  ingots,  or  it  is  cooled  suddenly 
at  the  surface,  by  allowing  water  to  run  upon  it;  in  the  latter 
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case  rose  copper  is  produced^  and  successive  films  are  made  and 
removed  till  all  the  metal  is  consumed.  There  appears  to  be  no 
doubt  that  the  brittleness  of  underpoled  copper  is  due  to  the  pre- 
sence of  red  oxide  of  copper  in  the  metal^  and  Mr.  Vivian  has 
suggested  that  overpoled  copper  may  be  defective  from  the 
presence  of  a  little  carbon.  Percy,  however,  was  unsuccessful  in 
the  attempt  to  discover  carbon  in  overpoled  specimens.  An  in- 
teresting paper  by  Abel  on  the  non-metallic  impurities  of  refined 
copper  will  be  found  in  the  Joum.  Chem.  Soc.  1864,  P«  ^^4- 

The  slags  from  the  various  operations  are  carefully  remelted, 
and  the  copper  which  is  extracted  from  them  is  termed  black 
copper ;  it  is  run  into  pigs,  which  are  subsequently  refined. 

The  presence  of  a  small  quantity  of  tin  in  the  refined  copper 
is  considered  to  be  advantageous,  as  the  toughness  and  tenacity 
of  the  metal  are  thereby  increased.  Antimony  is  singularly  in- 
jurious ;  so  small  a  quantity  as  i  part  in  3600,  or  10  ounces  in 
the  ton,  renders  copper  unfit  for  making  brass  that  is  required  for 
rolling ;  and  minute  traces  of  nickel  and  of  bismuth  are  also  said 
greatly  to  injure  the  tenacity  of  the  metal. 

(872)  Kernel  rocuting, — When  capriferoiis  iron  p^Tites,  containing  from  2 
to  3  per  cent,  of  copper,  is  broken  into  lumps  of  about  the  size  of  the  fist,  and 
sabjected  to  a  very  gradual  roasting,  a  large  portion  of  the  copper  becomes  con- 
csentrated  in  the  middle  of  the  lump,  and  a  nucleus  of  sulphide  of  copper  and  iron 
in  formed.  This  nucleus,  or  kernel,  is  surrounded  by  a  more  or  less  poroas 
shell,  composed  mainly  of  ferric  oxide,  which  may  be  detached  from  the  nucleus 
by  a  blow.  Upon  these  observations  a  method  of  roasting  copper  ore  has  been 
founded,  to  which  the  name  of  kernel  roasting  has  been  given.  This  roasting 
Ih  conducted  in  the  Venetian  Alps,  at  Agordo,  in  kilns,  and  at  Miilbach  in  enor- 
mous heaps  in  the  open  air.  These  heaps  are  in  the  form  of  a  truncated  square 
pyramid,  the  base  of  which  is  9  or  10  metres,  or  about  30  feet  square  (406). 
The  roasting  is  a  very  slow  operation,  requiring  from  5  to  6  months  for  its  com- 
pletion. Spring  and  autumn  are  the  most  favourable  seasons  in  which  to  com- 
mence it.  Sulphur  distils  off  to  the  extent  of  0*2  (P)  per  cent,  of  the  ore ;  the 
kernels  constitute  from  13  to  14  per  cent,  of  the  roasted  mass,  and  they  contain 
about  5  per  cent,  of  metallic  copper.  The  cause  of  this  concentration  of  ooppei 
in  the  interior  of  the  mass  is  entirely  unexplained.  The  shells,  which  retain  a 
small  proportion  of  cupric  sulphate,  are  washed  to  extract  this  as  far  as  practi- 
cable, and  the  roasted  ore  is  then  subjected  to  processes  not  essentially  differing 
from  those  alrea^ly  described.     (Percy,  Metallurgy,  i.  439.) 

In  many  copper  mines  the  water  which  is  pumped  up  is  impregnated  with 
cupric  sulphate  derived  from  the  oxidation  of  the  sulphide  by  exposure  to  the 
air :  the  copper  is  easily  separated  in  the  metallic  form,  by  collecting  the  water 
in  tanks  containing  scrap-iron :  the  iron  unites  with  the  oxygen  and  the  acid, 
whilst  the  copper  is  set  at  liberty :  CuSO^  +  Pe  =  FeSO^  +  Cu. 

When  the  ore  consists  of  the  oxides  and  carbonates  of  copper,  it  is  easily 
reduced  to  the  metallic  state  by  simple  fusion  with  coke  or  charcoal,  ferric  oxide 
and  lime  being  added  in  quantity  sufficient  to  form  a  fusible  slag  with  the  silica 
which  usually  accompanies  these  ores ;  the  copper  is  rendered  tough  by  a  process 
analogous  to  that  of  poling. 
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Mr.  Hendemon  has  recently  introduced  a  process  bj  which  a  good  deal  of 
copper  L)  now  extracted  from  a  pyrites  poor  in  copper.  This  pyrites,  after  it  has 
been  bnmed  for  the  sake  of  its  salphur  in  the  manufacture  of  oil  of  yitriol,  fur- 
nishes a  mass  consisting  chiefly  of  oxide  of  iron  mixed  with  about  3  per  cent,  of 
copper,  and  from  6  to  8  per  cent,  of  sulphur,  with  small  quantities  <^  arsenic,  and 
sometimes  of  zinc  and  bismuth ;  the  proportion  of  sulphur  must  be  about  3  parts 
for  every  2  parts  of  metal  to  be  removed.  It  is  ground  to  a  fine  powder  after 
admixture  with  about  15  per  cent  of  salt,  or  about  twice  as  much  salt  as  of  metal 
to  be  extracted.  The  mixture  is  then  roasted  for  some  hours  at  a  low  red  heat 
Copious  fumes  of  hydrochloric  acid,  and  free  chlorine,  mixed  with  chlorides  of  iron, 
arsenic,  and  other  volatile  metals  are  evolved  whilst  the  greater  part  of  the  copper 
is  converted  into  chloride,  and  the  sodic  chloride  into  sodic  sulphate : 

aNaCl+Cu^-|-20,=Cu,Cl,+Na,S04;  or  2NaCl+CuS+20,=CuCl,+Na^4 
6NaCl+Pe^,+60j=PejCle+3NajS04;  and  2Fe,Cle+30,=3Pe,0,+6CI,. 

The  roasted  mass  in  lixiviated  first  with  water,  and  then  with  weak  add,  and 
finally  is  washed  with  water.  The  oxide  of  iron  which  is  left  is  used  for  lining 
puddling  furnaces.  The  liquors  which  contain  the  copper  in  solution  are  treated 
with  scrap  iron,  and  the  copper  which  is  precipitated  is  collected  and  refined  by 
poling  in  the  usual  way. 

The  copper  of  commerce  is  often  very  nearly  pure.  It  contains 
minute  quantities  of  arsenicum^  of  iron^  of  leadj  and  sometimes  of 
tin  and  silver.  Abel  has  detected  traces  of  selenium  in  some 
specimens^  and  of  sulphur  in  others.  Copper  may  be  readily  ob- 
tained in  a  state  of  perfect  purity^  by  decomposing  a  solution  of 
pure  cupric  sulphate  by  means  of  the  voltaic  battery :  it  is  then 
deposited  in  coherent  plates  upon  the  negative  electrode. 

(873)  Properties, — Copper  is  one  of  the  metals  which  has  been 
longest  known  to  man :  before  the  art  of  working  iron  was  under- 
stood, it  was  in  extensive  use,  either  alone  or  alloyed  with  tin, 
for  many  of  the  purposes  to  which  iron  is  now  applied.  It  is  of 
a  well  known  red  colour,  and  has  a  peculiar^  disagreeable  odoor 
and  taste  when  moistened  and  rubbed.  It  is  rather  a  hard  metal, 
very  tenacious,  ductile,  and  malleable ;  after  it  had  been  melted 
beneath  a  layer  of  common  salt^  to  exclude  atmospheric  air^  pure 
copper  was  found  by  Scheerer  and  Marchand  to  have  a  sp.  gr. 
of  8*921 :  the  density  was  increased  by  hammerings  and  when 
drawn  into  fine  wire  it  was  obtained  as  high  as  8*952 :  Daniel! 
estimated  its  fusing-point  at  1996°  (1091*^  C).  When  heated  to 
a  temperature  approaching  its  melting-point  it  becomes  so  brittle 
that  it  may  be  reduced  to  powder,  and  an  ingot  may  be  broken 
by  a  blow  from  a  hammer.  If  exposed  to  a  very  intense  heat, 
copper  is  capable  of  volatilization,  but  it  is  usually  considered 
to  be  fixed  in  the  fire.  By  slow  voltaic  action  it  may  be  obtained 
crystallized  in  cubes  and  octohedra,  and  is  sometimes  found  native 
in  these  forms.  It  ranks  amongst  the  best  conductors  of  heat 
and  electricity.     If  heated  to  redness  in  the  open  air^  copper  com- 
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bines  with  oxygen  rapidly,  a  layer  of  oxide  is  formed  npon  the 
surface,  and  as  the  oxide  contracts  more  slowly  than  the  metal 
beneath,  it  scales  off  if  suddenly  cooled,  leaving  a  bright,  clean, 
metallic  surface.  Copper  is  not  oxidized  when  heated  to  redness 
in  a  current  of  steam.  Exposure  to  a  moist  air  at  ordinary  tempera- 
tures has  no  effect  upon  copper ;  neither  has  pure  water ;  but  in 
sea  water,  or  in  solutions  of  the  chlorides^  it  is  gradually  corroded, 
with  the  formation  of  cupric  oxychloride.  Finely  divided  copper 
becomes  ignited  when  touched  with  a  glowing  coal,  and  bums 
like  tinder,  being  converted  into  the  black  oxide.  Chlorine 
attacks  the  metal,  which  when  in  the  form  of  leaf  takes  fire  in 
the  gas  spontaneously.  Nitric  acid  oxidizes  and  dissolves  the 
metal  with  rapidity.  Oil  of  vitriol  does  not  act  upon  it  in  the 
cold,  but  if  heated  with  it,  the  acid  is  decomposed,  sulphurous 
anhydride  being  evolved  and  cupric  oxide  formed,  which  reacts 
upon  the  excess  of  acid  to  form  the  sulphate.  Hydrochloric 
acid  with  excess  of  air  dissolves  it:  but  if  air  be  excluded, 
it  has  no  such  effect  at  ordinary  temperatures ;  though  if  boiled 
U]K>n  the  finely-divided  metal,  it  dissolves  it  very  slowly,  and 
hydrogen  is  evolved  (Odling).  Copper  also  decomposes  hydro- 
chloric acid  gas  when  heated  in  it  to  redness,  cupreous  chloride 
being  formed  and  hydrogen  separated.  The  fixed  alkalies  have 
little  action  on  copper,  but  ammonia  gradually  dissolves  the 
metal  if  the  air  has  access  to  it,  slow  oxidation  taking  place. 
Before  the  oxyhydrogen  blowpipe  it  bums  with  a  green  flame, 
and  if  introduced  into  a  flame  of  gas  or  of  alcohol  it  communicates 
to  it  a  green  colour. 

Uses. — ^The  applications  of  copper  in  the  arts  are  very  nume- 
rous. Independently  of  its  use  in  coinage,  vast  quantities  of  it 
are  annually  consumed  in  the  sheathing  of  ships'^  and  in  the 
manufacture  of  boilers,  and  of  various  utensils  for  domestic  pur- 
poses. It  also  forms  the  basis  of  a  number  of  valuable  alloys  in 
extensive  use:  with  zinc  it  furnishes  the  different  varieties  of 
brass ;  and  with  different  proportions  of  tin,  it  forms  bronze,  bell- 
metal,  gun-inetal,  and  speculum  metal  (812)  ,*  whilst  its  oxides 
and  salts  are  largely  employed  as  pigments,  and  yield  articles  of 
some  importance  in  the  materia  medica. 

A  oompoand  of  copper  and  Bilicon  oontaimng  12  per  cent,  of  the  latter  may 
be  obtaiDed  by  fusing  together  3  parts  of  potassic  siliooflnoride,  i  part  of  sodium 
and  I  of  copper  turnings :  it  is  hard,  brittle,  and  white,  like  bismuth.     Another 

*  Percy's  experiments  appear  to  show  that  the  presence  of  a  small  quantity 
of  phosphorus  in  the  copper  has  some  effect  in  protecting  the  metal  from  the 
oorrosive  action  of  sea  water. 
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alloy  may  be  obtained  by  prolonged  heating  of  a  mixture  of  sand,  charcoal,  and 
copper :  when  it  contains  4*8  per  cent,  of  silicon  it  is  of  a  fine  bronze  colour.  It 
is  as  fusible  as  bronze,  very  ductile,  and  yields  a  wire  a  little  softer  than  iron^ 
bat  quite  as  tenacious :  it  may  be  worked  well  at  the  lathe. 

(874)  Brass, — ^The  combination  of  zinc  with  copper  has  a  well- 
known  yellow  colour,  the  tint  of  which  becomes  paler  in  propor- 
tion as  the  quantity  of  zinc  is  increased.  A  curious  observation 
upon  this  point  was  made  by  D.  Forbes,  who  found  that  a  brittle 
crystalline  alloy  of  a  silver- white  colour  may  be  formed,  contain- 
ing 53*49  per  cent,  of  zinc,  and  consisting  of  7  equivalents  of 
copper,  and  8  of  zinc ;  but  if  the  quantity  of  zinc  were  either  in- 
creased or  diminished,  the  alloy  had  the  usual  yellow  colour  of 
brass.  The  specific  gravity  of  brass  is  greater  than  the  mean  of 
that  of  the  metals  which  form  it.  Ordinary  brass  has  a  sp.  gr. 
of  8*29 ;  it  contains  about  64  per  cent,  of  copper,  being  nearly 
CujZn.  Brass  which  contains  25  per  cent,  of  zinc  melts  at  1750® 
(954^*4  C. ;  Daniell),  and  a  larger  proportion  of  zinc  increases  its 
fusibility.  By  exposure  to  a  long-sustained  high  temperature  in 
closed  vessels,  the  whole  of  the  zinc  may  be  expelled,  and  it  is  not 
possible  to  fuse  the  alloy  without  losing  a  portion  of  the  zinc. 
The  alloys  of  zinc  and  copper  are  malleable  when  cold,  but  are 
generally  brittle  when  hot.  An  alloy  largely  used  under  the 
name  of  Muntz  metals  or  yellow  metal ^  for  the  sheathing  of  ships, 
may  be  rolled  whilst  hot :  it  contains  2  equivalents  of  zinc  to  3 
of  copper,  or  60  per  cent,  of  copper.  The  addition  of  about  2 
per  cent,  of  lead  to  brass  improves  its  quality  if  it  is  to  be  used 
at  the  lathe ;  it  diminishes  its  toughness,  and  prevents  it  firom 
hanging  to  the  tool  and  clogging  the  file  j  but  if  intended  for 
wire,  the  presence  of  lead  must  be  avoided.  A  very  small  pro- 
portion of  tin,  even  if  it  does  not  amount  to  i  part  in  200,  greatly 
increases  the  hardness  of  the  alloy.  The  ordinary  hard  solder  ior 
brass  is  an  alloy  consisting  of  2  parts  of  brass  and  i  of  zinc.  Brass 
is  usually  made  by  melting  granulated  copper  in  crucibles  with 
rather  more  than  half  its  weight  of  zinc :  formerly  a  mixture  of 
calamine  and  charcoal  was  substituted  wholly  or  partially  for 
metallic  zinc.  At  Swansea,  the  Muntz  metal  is  prepared  by  melt- 
ing the  two  metals  in  a  reverberatory  furnace,  which  enables  a 
large  quantity  of  the  alloy  to  be  prepared  with  rapidity :  but 
the  process  is  attended  with  a  considerable  waste  of  zinc 

Gedge's  and  Aich's  alloys  consist  of  a  mixture  of  copper,  zinc,  and  iron, 
which  can  be  forged,  cast,  rolled,  or  drawn  into  wire;  100  parts  of  the  best  de- 
scription of  Gedge's  alloy  contain^-copper  60  parts,  zinc  38*2,  and  iron  1*8 
parts.  It  is  very  hard,  and  appears  to  be  well  adapted  to  the  sheathing  of  ships. 
It  acquires  great  stiffness  and  elasticity  if  worked  cold,  but  may  be  aofteoed  l^ 


OXIDES   OF   COFFEK.  697 

annealing.     Another  alloy  of  a  similar  kind,  termed  iterro-metal,  oonBists  of 
copper  55*04,  zinc  42*36,  iron  1*77,  and  tin  0*83  parts. 

(875)  Oxides  of  Coffer. — ^There  are  two  salifiable  oxides  of 
copper^  both  of  which  are  found  in  the  native  state ;  viz.^  the  red 
or  cupreous  oxide  (Cu^O),  and  the  black  or  cupric  oxide  (CuO) ; 
this  last  is  the  basis  of  the  ordinary  salts  of  the  metal.  Rose 
has  lately  pointed  out  the  existence  of  a  still  lower  oxide^  which 
he  terms  a  quadranioxide  (Cu^O,  x  H^O) ;  it  is  only  known  as  a 
green  hydrate  of  extreme  oxidability.  obtained  by  digesting  a 
cupric  salt  in  closed  vessels  for  24  hours  with  an  excess  of  stan- 
nous chloride  dissolved  in  a  large  excess  of  caustic  potash.  Some 
indications  have  been  obtained  of  the  existence  of  a  still  higher 
oxide  than  CuO,  probably  Cu^Oj. 

Cupreow  oxide.  Red  oxide  or  Suboxide  of  copper  (Cu<^0= 
143);  Sp.Gr.  575;  Comp,  in  100  parts,  Cu,  88*8;  O,  ii'2. — 
This  compound  occurs  native,  crystallized  either  in  the  octohedron, 
or  in  some  of  its  derived  forms,  or  else  in  capillary  crystals  or  in 
lamellar  masses.  There  are  various  ways  of  obtaining  this  oxide 
artificially ;  one  of  the  best  consists  in  boiling  the  dibasic  cupric 
acetate  with  sugar ;  the  cupric  oxide  is  thus  deprived  of  half  its 
oxygen,  and  the  red  oxide  is  deposited  in  small  octohedra. 
Another  method  consists  in  digesting  copper  foil  in  a  solution  of 
a  salt  of  copper  such  as  the  sulphate,  mixed  with  a  large  excess 
of  ammonia,  and  warming  the  mixture  in  a  vessel  completely  ex- 
cluded from  the  air,  the  liquid  becomes  decolorized,  and  deposits 
the  suboxide  as  a  reddish-yellow  powder.  It  may  also  be  pro- 
/nired  by  igniting  5  parts  of  powdered  cupric  oxide  with  4  parts 
of  copper  filings,  in  a  covered  crucible.  The  red  oxide  fuses  at  a 
full  red  heat.  By  decomposing  cupreous  chloride  with  potassic 
hydrate  it  is  obtained  as  an  orange-yellow  hydrate  (4Cu20,HgO ; 

Mitscherlich).  In  this  condition  it  is  readily  attacked  by  acids. 
A  capreoQs  sulphate,  carbonate,  and  acetate  appear  also  to  exist.  The  cupre- 
ous salts  are  unstable,  and  absorb  oxygen  readily.  Some  of  its  double  salts  are 
more  stable ;  a  cupreo-potassic  sulphite  (Cu,S0,,2K,S0J  may  be  obtained  as  a 
yellow  insoluble  precipitate,  by  mixing  solutions  of  normal  or  of  hydropotassio 
sulphite  with  cupric  sulphate ;  in  this  case,  the  cupric  salt  is  reduced  to  the  state 
of  cupreous  salt  by  the  sulphite. 

Cupreous  oxide  is  soluble  to  some  extent  in  metallic  copper^ 
which  it  renders,  in  technical  terms,  dry,  or  brittle.  Abel  found 
as  much  as  4*6  of  the  cupreous  oxide  in  a  specimen  of  very  dry 
copper  which  he  examined.* 


*  Abel  has  contrived  a  method  of  determining  the  amount  of  oxide  m  the 
metal,  founded  upon  the  fact  that  cupreous  oxide  decomposes  neutral  argentic 
nitrate,  furnishing  an  insoluble  basic  cupric  nitrate,  Cu,0  -h  2  AgNO,  =  Ag,  + 
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The  anHydrous  suboxide  is  resolved  hj  most  of  the  stronger 
acids  into  a  cupric  salt^  and  into  metallic  copper.  Nitric  acid 
converts  it  into  cupric  nitrate :  but  hydrochloric  acid  changes  it 
into  cupreous  chloride^  which  is  soluble  in  the  excess  of  the  add. 
Hydrated  cupreous  oxide  is  soluble  ia  a  solution  of  ammonia, 
forming  with  it  a  colourless  liquid.  This  solution  is  an  extremely 
delicate  test  of  the  presence  of  oxygen  in  a  gaseous  mixture ;  a 
mere  trace  of  oxygen  causes  it  to  assume  a  blue  tint  firom  the 
£3rmation  of  cupric  oxide^  which  when  dissolved  in  a  solution  of 
ammonia  has  an  intense  blue  colour.  An  ammoniacal  solution 
of  cupreous  chloride,  when  mixed  with  a  solution  of  argentic 
nitrate  containing  a  large  excess  of  ammonia,  immediately  de- 
posits reduced  silver  in  a  fine  state  of  subdivision,  whilst  argentic 
chloride  and  cupric  nitrate  are  held  ia  solution  in  excess  of  am- 
monia ;  CujCL, + 4AgN08 = ^(CuaNOj)  +  a AgCl  +  Agg.  The  prin- 
cipal  employment  of  cupreous  oxide  is  in  the  manu&ctore  of 
stained  glass,  to  which  it  imparts  a  beautiful  ruby  or  purple 
colour. 

(876)  Cupric  oxide,  or  Black  oxide  of  copper  (CuO=79'5)  *  ^' 
Gr.  6*5;  Comp.  in  100  parts,  Cu,  79*85;  O,  20'i5. — ^This  oxide 
is  a  compound  of  considerable  importance  to  the  chemist.  It  is 
employed  largely  as  a  means  of  furnishing  oxygen  to  organic  sub- 
stances  in  the  regulated  combustion  by  means  of  which  their  com- 
position is  determined.  The  best  process  for  obtaining  the  cupric 
oxide  consists  in  dissolving  copper  in  pure  nitric  acid,  and  de- 
composing the  resulting  nitrate  in  an  earthen  crucible,  by  the 
application  of  a  red  heat :  the  water  and  the  nitric  acid  are  thus 
expelled,  and  the  black  oxide  remains  in  a  state  of  purity :  the 
heat  should  be  long  continued,  but  not  too  violent ;  otherwise 
the  oxide  sinters  together  and  concretes  into  hard  masses,  which 
are  pulverized  with  difficulty.     A  very  pure  oxide  is  also  for- 


Ca2N0,,Ca0.  This  basic  salt  is  soluble  in  dilate  sulphurio  acid ;  CaiNO^.CuO 
+  iH^O^  =  2HNO,  -f  H,0  +  iCttSO^.  The  plan  consists  in  digesting  500  or 
600  grains  (30  or  40  grammes)  of  the  copper  for  trial  in  a  solution  of  400 
grains  (25  grammefl)  of  neutral  argentic  nitrate  in  the  cold,  for  three  or  four 
hours.  The  undissolved  portion  of  copper  is  removed,  washed  into  the  solu- 
tion of  sUver,  dried,  and  weighed.  The  mixture  of  precipitated  silver  and  in- 
soluble basic  cupric  nitrate  is  separated  by  decantation  from  the  solution,  then 
washed,  and  digested  for  half-an>hour  with  a  known  quantity  of  standard  sul- 
phuric acid,  being  frequently  agitated  with  it.  It  is  filtered,  and  the  washings 
neutralized  by  sodic  carbonate.  The  proportion  of  acid  neutralized  by  the  ba^ 
cupric  nitrate  furnishes  the  means  of  estimating  the  quantity  of  cupreous  oxide, 
80  parts  of  SO,  being  equivalent  to  16  parts  of  oxygen  in  the  sample^  or  to  143 
of  cupreous  oxide. 
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Bished  by  the  decomposition  of  the  carbonate  by  heat ;  or  still 
more  simply  by  heating  a  plate  of  copper  to  redness  in  a  brisk 
current  of  air,  and  suddenly  quenching  it  in  water,  in  which  case 
the  oxide  separates  in  black  scales,  the  inner  layer  of  which  often 
contains  a  little  red  oxide.  It  may  be  obtained  as  a  hydrate 
of  a  light  blue  colour  (CuO,HjO),  from  any  of  its  salts,  by 
the  addition  of  a  slight  excess  of  caustic  potash,  washing 
quickly  with  cold  water,  and  drying  at  ordinary  temperatures : 
when  boiled  with  water  the  oxide  becomes  black  and  anhydrous. 
This  hydrate  is  soluble  in  an  excess  of  a  solution  of  ammonia, 
forming  a  liquid  with  a  splendid  blue  colour :  if  slips  of  metallic 
copper  be  introduced  into  a  bottle  which  is  filled  with  this  liquid, 
and  closed  so  as  completely  to  exclude  the  air,  a  portion  of  the 
metal  equal  to  that  already  in  solution  is  dissolved,  the  metal 
deriving  oxygen  from  the  oxide  already  in  solution,  both  portions 
being  thus  reduced  to  the  state  of  cupreous  oxide  ;  Cu+CuO= 
CujO ;  the  colour  gradually  disappears,  since  cupreous  oxide  pro- 
duces a  colourless  solution  with  ammonia ;  but  the  moment  that 
air  is  admitted,  the  blue  colour  is  reproduced.  Cupric  oxide  is 
soluble  in  oils  and  fats,  so  that  greasy  matters  boiled  in  a  copper 
saucepan  which  is  not  kept  bright  are  liable  to  become  impreg- 
nated with  the  metal.  Cupric  oxide  combines  with  glass,  and 
gives  it  a  beautiful  green  colour.  The  oxide  is  hygroscopic,  par- 
ticularly if  in  a  finely  divided  state,  and  it  absorbs  water  rapidly 
from  the  air.  Its  oxygen  cannot  be  expelled  from  it  by  mere 
exposure  to  heat,  but  if  the  oxide  be  plunged  into  an  atmosphere 
of  hydrogen  while  warm,  it  is  decomposed  with  evolution  of  light 
and  heat,  while  water  is  formed.  Cupric  oxide  is  soluble  in 
most  of  the  acids,  and  combines  with  them  to  form  salts  which 
have  a  green  or  a  blue  colour.  When  fused  with  potassic  or  with 
sodic  hydrate,  cupric  oxide  combines  with  the  alkali,  forming  a 

greenish  blue  mass,  which  is  decomposed  by  the  addition  of  water. 

Th^nard  obtained  a  combination  of  peroxide  of  hydrogen  with  cupric  oxide ; 
it  was  of  a  yellowinh-brown  colour,  and  when  mout  quickly  underwent  decompo- 
sition at  ordinary  temperatures. 

(877)  Ctfbxovs  Htdbidb  (Co,H,). — ^This  substance  was  obtained  by  Wurtz, 
aa  a  brown  hydrate,  when  hypophosphorous  acid  was  mixed  with  a  solution  of 
cupric  sulphate,  and  heated  to  nearly  140^  (60°  C.)>  It  is  very  unstable :  when 
dry  it  is  suddenly  resolved  at  158°  (70°  C),  into  hydrogen  gas  and  finely-divided 
metallic  copper.  It  takes  fire  spontaneously  in  gaseous  chlorine.  Hydrochloric 
acid  forms  with  it  cupreous  chloride,  attended  with  a  brisk  disengagement  of 
hydrogen.  This  disengagement  of  hydrogen  gas  from  the  acid  as  well  as  firom 
the  hydride  is  remarkable ;  Brodie  explains  it  by  supposing  that  the  hydrogen  of 
the  hydride  and  that  in  the  acid  are  in  opposite  electrical  or  polar  conditions,  in 
consequence  of  which  they  unite  at  the  moment  of  liberation  and  form  hydridt 
qf  hydrogen,  or  hydrogen  gas ;  thus,  Cu^H,  +  2HCI  =  Cu,Cl,  +  2HH. 
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(878)  Tricupric  nitride  (Cu,N)  is  obtained  by  transmitting  a  current  of 
dry  ammoniacal  gas  over  finely  powdered  cuprio  oxide  heated  to  482^  (^5^^  ^*)> 
water  and  nitrogen  gas  are  evolved,  and  the  nitride  is  left  as  a  dark-green 
powder,  which  when  heated  to  about  590^  (310^  C.)  explodes  feebly,  emitting  a 
red  light ;  strong  acids  decompose  it  with  evolution  of  nitrogen  gas. 

(879)  Sulphides  op  Copper. — ^These  are  three  in  number: 
CujS  ;  CuS ;  and  CuS^. 

Cupreotis  sulphide,  or  Subsulphide  of  copper  (01138  =  159;  sp. 
gr,  5735 — ^5*977)^  is  a  soft  mineral  of  a  dark  grey  colour, 
occasionally  found  native  in  masses^  but  more  oflen  in  six- 
sided  prisms.  It  is  easily  fused  by  heat  in  closed  vessels ;  nitric 
acid  and  aqua  regia  decompose  it  readily,  but  hydrochloric  add 
does  not  dissolve  it.  It  may  be  formed  by  melting  together 
3  parts  of  sulphur  and  8  of  copper ;  vivid  incandescence  occurs  at 
the  moment  of  combination.  It  forms  the  fine  metal  of  the 
copper  smelter. 

Cupric  sulphide,  or  Sulphide  of  copper  (CuS =95*5),  may  be 
procured  by  the  direct  union  of  its  constituents ;  it  is  also  occa- 
sionally found  native  {sp,  gr,  3*85)  in  flexible  plates  of  a  blue 
colour.  It  may  likewise  be  obtained  in  the  form  of  a  dark- 
brown  hydrate,  by  decomposing  any  of  the  salts  of  copper  by  a 
stream  of  sulphuretted  hydrogen ;  this  hydrate  is  quickly  oxidised 
by  exposure  to  the  air,  becoming  converted  into  cupric  sulphate, 
and  it  is  dissolved  easily  by  nitric  acid  and  by  aqua  regia.  Cupric 
sulphide  is  insoluble  in  a  solution  of  dipotassic  sulphide,  but  it  \a 
slightly  soluble  in  one  of  diammonic  disulphide,  (H^N)3S2. 

The  copper  pyrites  (sp.  gr,  4*3)  or  ordinary  ore  of  copper,  con- 
sists of  a  double  sulphide  of  copper  and  iron  CuFeS,.  It  is  of  a 
yellow  colour,  and  has  a  brassy  lujstre:  it  is  sometimes  found 
crystallized  in  tetrahedra,  but  it  usually  occurs  in  amorphous 
masses,  with  a  conchoidal  granular  fracture,  and  is  less  hard  than 
iron  pyrites.  The  variety  called  variegated  or  pectcock  ore  con- 
tains a  larger  proportion  of  sulphide  of  copper.  These  compounds 
are  rapidly  oxidized  and  dissolved  by  nitric  acid  or  by  aqua  regia, 
but  not  by  hydrochloric  acid. 

All  the  sulphides  of  copper  are  decomposed  by  roasting  them 

in  air ;  if  the  temperature  be  high,  sulphurous  anhydride  escapes^ 

and  cupric  oxide  remains  behind ;  at  a  lower  temperature,  cupric 

sulphate  is  formed. 

Cupric  sulphide  forms  likewise  a  natural  combination  with  sulphides  of  letd, 
silver,  antimony,  and  arsenicum,  constituting  grey  copper  ore,  or  fahlerz :  this 
mineral  is  essentially  a  tetrabasic  sulphantimonite  and  sulpharsenite  of  copper 
and  iron ;  it  varies  considerably  in  Uie  relative  proportions  of  its  oonstitunitii 
and  often  contains  zinc,  lead,  silver,  and  mercury.  It  cryMtallizes  in  fonna  de- 
rived from  the  regular  tetrahedron,  and  in  composition  it  corresponds  to  the 
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general  formula  (4MS,R2S,.4MjS,R3S,),  in  which  M  represents  the  electro- 
positive metals,  M^  being  usually  cupreous  or  argentic  sulphide :  whilst  B  indi- 
cates the  electro-negative  metals  arsenic  or  antimony.  The  principal  varieties 
of  the  ore  are: — i.  Tennantite  (PeS,3CuS,A83Sj . 4CujS,As2S, ;  sp.  ffr,  4*375), 
a  ferrous  and  cupreous  sulpharsenite,  of  a  leaden-grey  colour ;  the  copper  in  this 
ore  amounts  to  about  48  per  cent.  2.  Light-grey  copper  ore  (sp,  gr,  4*5  to 
4*7),  a  mixture  of  sulpharsenite  and  sulphantimonite  of  zinc,  iron,  copper,  and 
silver:  colour,  steel-grey.  3.  Darh-grey  copper  ore  {sp.  gr.  4*7  to  4*9)  contains 
little  or  no  arsenic;  it  is  of  an  iron-black  colour.  This  variety  and  the  one  pre- 
ceding it  contain  from  35  to  40  per  cent  of  copper.  4.  Silver  fahlerz  (sp.  gr. 
about  5*0),  is  a  dark-grey  copper  ore,  rich  in  silver.  The  silver  varies  in  tLis 
ore  from  13  to  30  per  cent,  and  the  copper  from  14  to  25  per  cent. 

Cupric  peniasulphide  (CuS^)  was  obtained  by  Berzelius  in  the  form  of  a 
blackish-brown  precipitate,  by  decomposing  a  cupric  salt  with  a  pentasulphide  of 
one  of  the  alkali-metals.  It  undergoes  no  change  by  washing  when  exposed  to 
the  air,  but  is  completely  soluble  in  a  solution  of  potassio  carbonate. 

A  native  selenide  qf  copper  is  found  in  combination  with  selenide  of  silver. 
It  occurs  in  masses  of  a  leaden-grey  colour,  and  is  very  rare,  having  hitherto 
been  found  only  in  Sweden:  selenide  of  copper  may  be  formed  artificially  by 
precipitating  the  cupric  sulphate  by  seleniuretted  hydrogen. 

(880)  Phosphide  qf  copper  (Cn,Pj  P). — ^This  compound  is  easily  obtained 
by  boiling  phosphorus  in  a  solution  of  cupric  sulphate ;  the  liquid  speedily  be- 
comes decolorized,  and  a  black  phosphide  of  copper,  with  a  semi-metallic  lustre,  is 
formed.  It  is  not  soluble  in  hydrochloric  acid,  but  if  thrown  into  a  solution  of 
potassic  cyanide  is  decomposed  rapidly  without  the  application  of  heat,  bubbles 
of  self-lighting  phosphuretted  hydrogen  being  disengi^ed.  Abel  prepares  phos- 
phide of  copper  by  transmitting  the  vapour  of  phosphorus  over  finely  divided 
copper  heated  in  a  tube ;  he  finds  that  this  phosphide  when  mixed  with  potassic 
chlorate  and  gunpowder  furnishes  a  powder  of  sufficient  conducting  power  for 
electricity,  and  at  the  same  time  possessed  of  the  requisite  inflammability  to 
enable  it  to  be  employed  with  great  advantage  as  a  detonating  fuse  for  firing 
ordnance  by  magneto-electric  currents. 

(881)  Chlorides  of  Copper. — Copper  forms  two  chlorides, 
CujClg,  and  CuCl^. 

Cupreous  chloride,  or  Subchloride  of  copper  (Cu2Cl3=i98;  sp. 
ffr.  3*376)  is  obtained  by  distilling  copper  filings  with  twice  their 
weight  of  corrosive  sublimate ;  or  by  dissolving  4  parts  of  finely 
divided  copper  and  5  of  the  black  oxide  in  hydrochloric  acid ;  or 
by  boiling  cupric  chloride  with  sugar;  or  by  digesting  cupric 
chloride  in  closed  vessels  with  metallic  copper:  the  last  is  a 
slow  process,  but  part  of  the  cupreous  chloride  is  then  deposited 
in  transparent  tetrahedra.  It  may  also  be  obtained  by  heating 
dry  cupric  chloride  in  a  current  of  dry  ammonia  until  the  whole 
is  converted  into  a  yellowish  liquid,  which  solidifies  on  cooling  to 
a  white  mass,  with  crystalline  fracture,  consisting  of  pure  cupreous 
chloride.  (Millon  and  Commaille,  Ann,  de  Chimie,  IV.  iii.  285). 
CuprcDus  chloride  is  a  white  compound,  which  fuses  easily  into  a 
yellowish  mass ;  and  darkens  by  exposure  to  light  when  moist. 
It  is  insoluble  in  water,  but  soluble  to  some  extent  in  strong 
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hydrocliloric  acidj  with  which  it  forms  a  pale-brown  8oIutioii> 
which  deposits  most  of  the  subchloride  on  dilution.  The  solution 
of  cupreous  chloride  in  hydrochloric  acid  absorbs  carbonic  oxide 
gas  with  facility:  a  compoimd  crystallizing  in  pearly  scales 
(4CUj,Cly3CO,7H30?;  Berthelot)  may  thus  be  obtained;  it  is 
insoluble  in  water^  which  however  decomposes  it^  setting  cupreous 
chloride  at  liberty :  it  is  also  quickly  decomposed  by  exposure  to 
the  air.  Cupreous  chloride  is  soluble  in  a  boiling  solution  of 
potassic  chloride ;  and  if  the  liquid  be  allowed  to  cool  excluded 
from  the  air^  octohedral  crystals^  composed  of  (4ECl^Cu,Cl^  are 
deposited.  When  the  solution  in  hydrochloric  acid  is  exposed 
to  the  air^  it  absorbs  oxygen  rapidly^  and  a  pale  bluish-green 
insoluble  cupric  oxychloride  (CuCljp3CuO,4HjjO)  is  deposited. 
This  oxychloride  is  used  in  the  arts  as  a  pigment^  imder  the  name 
of  Brunswick  green.  It  is  best  procured  by  exposing  copper 
clippings  to  the  action  of  hydrochloric  acid^  or  to  a  solution  of 
sal  ammoniac  in  the  open  air.  It  occurs  native  in  the  form  of  a 
green  sand  (sp.  gr.  4*4),  composed  of  small  rhombic  prisms^  which 
is  found  at  Atacama  in  Peru ;  it  has  hence  been  called  atacamUe. 
Sometimes  it  is  also  foimd  massive.  Other  oxychlorides  of 
copper  of  less  importance  may  also  be  formed. 

When  finely  divided  copper  is  boiled  in  a  solotion  of  sal  ammoniac,  am- 
moniacal  gaa  is  expelled,  and  a  salt  is  formed  which  is  gradually  deposited  in 
white  rhombic  dodecahedra,  (H^CuN,)'  Ca'Cl] :  it  may  be  regarded  as  cupreous 
chloride  in  which  the  second  atom  of  copper  has  been  displaced  by  empric 
diammonium  (H^Cu'^^)'-  ^  solution  of  this  salt,  when  exposed  to  the  air, 
deposit*  blue  crystals  consisting  of  [(H,CuN2)'Cu'Cl2,(H,CuN,)"Cl„H,0],  and 
the  mother-liquor  on  further  exposure  yields  cubic  crystals  of  the  salt  (H^CuNsCli, 
2H4NCI). 

(883)  Chloride  of  copper,  or  Cupric  chloride  (CuClj=  134-5; 
sp.  gr,  3*054)  may  be  obtained  by  the  spontaneous  combustion  of 
copper  in  chlorine^  but  it  is  more  advantageously  prepared  by 
dissolving  cupric  oxide  or  carbonate  in  hydrochloric  acid^  when 
on  evaporation  it  crystallizes  in  green  needles^  with  the  fonnola 
(CuClg^aHgO)  of  sp.  gr.  a'534.  A  concentrated  solution  of 
cupric  chloride  is  of  a  green  colour^  but  it  becomes  blue  on  dila- 
tion, and  when  the  salt  is  anhydrous  it  is  liver-coloured.  When 
heated  it  fuses,  and  at  a  red  heat  half  its  chlorine  is  expelledi 
and  cupreous  chloride  remains.  It  forms  double  chlorides  with 
the  potassic  and  ammonic  chlorides.  Cupric  chloride  is  deli* 
quescent,  and  very  soluble  in  alcohol.  This  solution  bums  with 
a  splendid  green  flame,  the  spectrum  of  which  is  shown  in  Fig.  81, 
No.  5;  Part  I.  p.  172). 

A  double  chloTide  of  copper  and  ammonium  (2H4NG,CaCls,dH|0)  is  ob- 
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tained  in  blae  square-based  octohedra^  by  mixing  hot  oonoentrated  aolationa  of 
the  two  salts  in  the  proportion  of  2  atoms  of  sal  ammoniac  and  I  of  cnprio 
chloride.  Another  donble  chloride  (H^NCl,CuCl, .  2H,0)  is  obtained  in  fine, 
Uoish-green  crystals,  by  evaporating  a  solution  of  i  atom  of  each  salt. 

Anhydrous  cuprio  chloride  absorbs  ammonia  rapidly,  and  forms  a  blue 
powder  (CuC1^6H^;  Bose),  which  by  a  heat  of  302°  (150°  C.)  loses  4  atoms 
of  ammonia,  and  becomes  green  (CuClf,2H,N;  Kane).  Graham  and  Kane 
regard  this  latter  compound  as  ammonic  chloride  in  which  the  fourth  atom  of 
hydrogen  has  its  place  occupied  by  copper ;  hence  Graham  terms  it  chloride  qf 
euprammonium  (H,Cu'^^''Cl2.  U  ammoniacal  gas  be  transmitted  through  a 
hot  concentrated  solution  of  cupric  chloride,  till  the  precipitate  at  first  formed 
is  redisBolved,  the  liquid  on  cooling  deposits  small  dark-blue,  square  prisms  and 
octohedra,  [H,Cu"N,Cl^(H,N  O]. 

It  appears,  therefore,  that  the  following  well-defined  compounds  may  be  ob- 
tained by  the  reaction  of  the  chlorides  of  copper  upon  ammonia  or  muriate  of 
ammonia: — 

(X.)  (H.^:^«)' I  CI, 

(2.)    (^'^^J^*^'  j  Cl,,(H,Cu''Nj^''a„H,0 

(3.)  (HeCu'^jrCl,,  or  CuCl„aH,N 

(4.)  (H,Cu''N,rCl^H,N,  or  CuCljfiH^N 

(5.)  (H,Cu''N,)Cla,(H,N),0 

(6.)  (H,Cu''Nj^''C1^2H,NCl 

(7.)  aH,NCl,Cu''C1^2HaO 

(8.)  H,NCl,Cu''Cl„2H,0 

(883)  Cupreous  Bromide,  or  Sub-bromide  of  copper  (CujBrj)  is  iuAoluble  in 
water.     Cupric  bromide  (CuBr«)  is  soluble. 

Cupreous  iodide,  or  Subiodide  of  copper  (Cu,I,,H^O),  is  a  white  insoluble 
powder,  which  becomes  yellow  when  heated.  It  is  formed  by  pouring  a  mixture 
of  I  equivalent  of  ferrous  sulphate,  and  i  of  cupric  sulphate  into  a  solution  of 
any  iodide ;  thus  2CUSO4  +  2 PeSO^  +  2KI  =  KjSO^  +  Fej3S04  +  Cu Jj.  Sodic 
sulphite  may  be  substituted  for  the  ferrous  sulphate  in  this  experiment.  It  has 
been  proposed  to  employ  such  a  mixture  of  the  ferrous  and  cupric  sulphates  as  a 
test  for  determining  the  quantity  of  iodine  in  kelp,  in  order  to  fix  its  commercial 
value.     Cupric  iodide  (Culs),  if  it  exists,  is  very  unstable. 

Sulphates  of  Coffee. — Copper  fonns  a  normal  sulphate^  and 
several  basic  sulphates. 

(884)  Cupric  sulphate,  Sulphate  of  copper,  or  Blue  vitriol 
(CuS04.5HjO=  159*5  +  90) ;  SP'  Gr-  anhydr.  3631;  cryst.,  2254; 
Comp.  in  looparts  cryst,,  CuO,  3i'85 ;  SO3, 32*07  ;  H^O,  36*08. — 
This  salt  is  manufactured  on  a  large  scale>  by  boiling  copper  in 
an  iron  pot  with  sulphuric  acid,  diluted  with  half  its  bulk  of 
water :  the  acid  is  decomposed,  and  the  copper  is  oxidized  at  its 
expense  whilst  the  salt  is  precipitated.  It  may  also  be  formed 
from  an  artificial  sulpliide  of  copper,  by  roasting  it  with  free 
access  of  air,  and  lixiviating  the  roasted  mass  to  dissolve  the  sul- 
phate thus  produced:  the  heat  must  be  moderate,  or  else  the 
sulphate  will  be  decomposed   durisg  the  roasting.     If  copper 
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pyrites  be  used  instead  of  the   artificial  sulphide^  the  salt  will 
contain  a  large  quantity  of  ferrous  sulphate^  which  cannot  be 
separated  by  crystallization ;  for  although  cupric  sidphate  does  not 
cryst^ize  alone   with  more  than  5H2O,  yet  when  mixed  with 
ferrous  sulphate^   it^  like  this  salt^  assumes  7H20^  and  then  is 
isomorphous  with  the  ferrous  salt.     The  only  plan  in  such  a  case 
is  to  ignite  the  mixed  sulphates  feebly :  the  iron  salt  parts  with 
its  acid  at  a  lower  temperature  than  the  copper  salt^  and  by  a 
second  solution  the  iron  is  separated  in  the  form  of  an  insoluble 
oxide.     Cupric  sulphate  is  also  obtained  in  considerable  quantity 
as  a  secondary  product  in  the  refining  of  silver  (947) :  the  silver 
is  precipitated  from  the  solution  of  its  sulphate  in  the  metallic 
form,  by  plates  of  copper,  and  a  pure   cupric  sulphate  is  thus 
furnished. 

Large  quantities  of  cupric  sulphate  are  used  in  calico-printing, 
and  it  is  the  salt  from  which  most  of  the  pigments  of  copper  are 
formed.     It  is  soluble  in    four  times  its  weight    of  water  at 
59°    (15°  ^')>   ^^^  crystallizes  in  beautiAil  blue  crystals  of  the 
doubly  oblique  rhombic  form.     The  powdered    crystals  absorb 
hydrochloric  acid  gas  rapidly  with  evolution  of  heat,  and  (umish 
a  deliquescent  mass.     When  cupric  sulphate  is  heated  to  100®  C. 
it  loses  4H2O,  and  by  a  temperature  of  392°  (200°  C),  the  salt 
is  rendered   anhydrous;  it  then  assumes  the   appearance  of  a 
white  powder,  which  becomes  blue  on  the  addition  of  water.  The 
act  of  combination  with  water  is  attended  with  a  hissing  noise, 
owing  to  the  great  rise  of  temperature  which  attends  the  action; 
a  considerable  evolution  of  heat  also  attends  the  combination  of 
the  compound  CuSO^jH^O,  with  water.     Cupric  sulphate  is  in- 
soluble in  alcohol.     When  heated  to  bright  redness  the  elements 
of  sulphuric  anhydride  are  expelled,  and  cupric  oxide  is  left. 

Cupric  sulphate  forms  double  salts  with  the  sulphates  of  potassium  and  am- 
monium ;  they  are  easily  obtained  by  mixing  solutions  of  their  constituent  salts  in 
equivalent  proportions,  and  allowing  the  mixture  to  crystallize.  The  potassium 
salt  is  composed  of  (0uSO4,E3SO4,6H3O ;  sp,  gr.  2*244)  >  the  ammonium  salt  of 
[CuSO^.(H4N)^04,6H30 ;  9p,  gr.  rSpi].  According  to  Graham,  a  hot  satu- 
rated solution  of  potassio-cupric  sulphate  deposits  a  remarkable  basic  double  sah, 
the  composition  of  which  may  be  represented  by  the  formula  (K,SO^.3CuS04, 
CuO^H^O). 

Banc  Sulphates, — If  a  solution  of  J  atomic  proportion  of  cupric  sulphate  is 
boiled  with  less  than  i  atom  of  hydrated  cupric  oxide,  a  green  insoluble  tribatie 
sulphate  [CuS04,2(CuO,H,0)]  is  formed.  Brochantite  is  a  native  basic  sulphate 
of  the  metal,  composed  of  [CuS04,3(CuO,H20)] ;  and  Denham  Smith  obtained 
another  basic  salt  consisting  of  (CuS044CuO,6Hj|0). 

Anhydrous  cupric  sulphate  absorbs  dry  ammoniacal  gas ;  the  oompoiiind  con- 
sists of  (CuS04,5H,N ;  H.  Rose).  If  ammonia  be  added  in  excess  to  a  solutioo 
cf  cupric  sulphate,  the  liquid  on  evaporation  yields  dark  blue  oryttals  (C11SO4, 
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4H,N,H,0;  Berzelins) ;  the  salt,  when  heated  to  302^  (i^{o°C.)»hecomee  green, 
loeing  two  atoms  of  ammonia  and  one  atom  of  water. 

(885)  Cupric  nitrate  (Cu2NOj,6H30)  is  easily  made  by  dis- 
solving copper  in  nitric  acid :  it  forms  a  beautifid  blue  deliques- 
cent salt^  which  crystallizes  in  rhomboidal  prisms.  At  tempera- 
tures above  15^  C.  it  crystallizes  with  3H3O  in  deliquescent  needles 
of  sp.  gr.  2*047.  It  is  very  soluble  in  aicohol ;  by  heat  it  is  de- 
composed>  first  into  a  green  basic  nitrate  [Cu2N03^3(CuO^HgO) ; 
Crerhardt]^  which  is  insoluble ;  and  if  the  heat  be  increased,  it  is 
converted  wholly  into  the  black  oxide,  the  whole  of  the  nitric 
anhydride  being  expelled.  It  is  this  basic  nitrate  which  is  formed 
when  cupric  oxide  is  treated  with  monohydrated  nitric  acid, 
although  the  acid  may  be  in  considerable  excess.  If  a  few  crys- 
tals of  cupric  nitrate  are  moistened  and  wrapped  up  in  tinfoil 
they  act  violently  upon  the  metal,  and  convert  it  rapidly  into 
stannic  oxide  with  emission  of  sparks. 

Several  basic  cupric  phosphates  are  foimd  native  in  small 
quantities. 

(886)  Carbonates  of  Copper. — All  attempts  to  procure  the 
neutral  cupric  carbonate  have  hitherto  failed.  A  hydrated  oxy- 
carbonate,  called  chessylite  [CuO,H30,aCuC03 ;  sp.  gr.  3-8],  forms 
a  beautiful  blue  mineral,  which  crystallizes  in  oblique  rhombic 
prisms.  But  the  most  abimdant  of  the  carbonates  of  copper  is 
the  hydrated  dibasic  carbonate,  or  malachite  (CuO,HjO,CuC03 ; 
sp,  gr.  fixMn  37  to  4*0).  It  forms  a  very  hard  mineral  of  a  silky 
lustre,  and  a  beautiful  green  colour ;  it  is  susceptible  of  a  high 
polish,  by  which  its  concentric  and  often  beautifully  veined  struc- 
ture is  advantageously  displayed.  It  is  often  employed  for  orna- 
mental purposes.  Malachite  is  occasionally  found  in  oblique 
prisms.  Both  the  blue  and  the  green  carbonate  are  abimdant 
in  the  copper  ore  furnished  from  Australia.  A  green  precipitate, 
sometimes  used  as  a  pigment,  which  has  the  same  composition  as 
malachite,  and  is  known  as  mineral  green,  may  be  obtained  by 
mixing  hot  solutions  of  cupric  sulphate  or  nitrate  and  sodic  car- 
bonate. If  the  solutions  be  mixed  cold,  a  pale  blue  voluminous 
precipitate  is  formed,  which,  according  to  Brunner,  is  the  same 
oompoimd,  with  an  additional  atom  of  water  (CuO,aH20,CuCOj). 
By  boiling  the  precipitated  carbonate,  it  becomes  first  green  and 
then  black,  losing  nearly  all  its  water  and  carbonic  acid.  A  double 
carbonate  of  potassium  and  copper  (K3COjy4CuCOg,CuO,ioH50) 
may  be  obtained  by  digesting  the  green  carbonate  in  a  solution 
of  hydropotassic  carbonate :  it  is  deposited  in  blue  crystals  by 

II.  z  z 
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spontaneous   evaporation.     Similar   salts    may  be  formed  with 
sodium  and  ammonium. 

(887)  Characters  of  the  Salts  of  Copper. — i.  Salts  of  the 
suboxide,  or  Cupreous  salts. — ^Nearly  all  of  them  are  insoluble  in 
water,  but  soluble  in  hydrochloric  acid ;  in  this  form  they  absorb 
oxygen  rapidly,  and  are  converted  into  salts  of  the  black  oxide. 
They  are  unimportant,  and  have  been  but  little  studied ;  one  of 
their  most  remarkable  properties  is  their  power  when  in  solution 
in  hydrochloric  acid  of  absorbing  carbonic  oxide,  with  which  they 
form  a  crystaUine  compound. 

2.  Salts  of  the  black  oxide,  or  Cupric  salts, — Most  of  these 
salts  of  copper  have  a  green  or  a  blue  colour  when  hydrated,  but 
they  are  white  when  anhydrous ;  they  are  almost  all  soluble. 
They  have  a  strong,  disagreeable  metallic  taste,  and  act  as  poisons 
to  the  animal  frame,  producing  violent  and  irrepressible  vomiting 
and  purging,  followed  by  exhaustion  and  death.  They  form  an 
insoluble  compound  with  albumin,  which  is  nearly  inert ;  raw 
whites  of  eggs  should  therefore  be  administered  in  cases  of  poison- 
ing suspected  to  be  occasioned  by  this  metal.  Milk  or  sugar 
mixed  with  iron  filings,  by  reducing  the  cupric  to  cupreous  salts, 
or  to  the  metallic  state,  are  also  valuable  adjuncts. 

The  cupric  salts  are  easily  recognized  when  in  solution :  though 
neutral  in  composition  they  redden  litmus.  Caustic  potash  and 
soda  give  in  their  solutions  a  pale  blue  voluminous  precipitate  of 
hydrated  basic  salt ;  an  excess  of  the  alkali  does  not  dissolve  it, 
but  converts  it  into  a  blue  hydrated  oxide,  which  becomes  black 
and  anhydrous  when  the  liquid  is  boiled  with  it.  If  sugar  or  tar- 
taric acid,  or  certain  other  organic  substances  be  present,  the  blue 
precipitate  is  redissolved  by  an  excess  of  the  alkaline  liquid,  and 
forms  a  blue  solution.  Ammonia  gives  a  similar  blue  precipitate, 
but  an  excess  of  the  alkali  redissolves  it,  forming  a  deep  blue  solu- 
tion, which  is  very  characteristic.  Potassic  or  sodic  carbonate 
gives  a  pale  blue  hydrated  basic  carbonate,  which  becomes  gra- 
dually converted  into  the  black  oxide  when  boiled  in  the  liquid 
with  excess  of  the  alkaline  carbonate.  Ammonic  sesquicar- 
bonate  also  gives  a  blue  precipitate,  but  redissolves  it  if  added  in 
excess,  forming  an  intensely  blue  solution.  Potassic  ferrocyamde 
yields  a  bulky  brown  precipitate,  insoluble  in  hydrochloric  acid, 
but  soluble  in  ammonia,  which  leaves  it  imaltered  on  evaporation. 
Sulphuretted  hydrogen  gives  even  in  acid  solutions  a  brownish- 
black  hydrated  sulphide.  The  last  two  characters  distinguish  the 
salts  of  copper  from  those  of  nickel,  which  also  form  a  blue  sola* 
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tion  with    ammonia.     Cupric    snlphide    is   almost  insoluble  in 

ammonia^   and  in  ammonic   hydrosulphide^  but  is  dissolved  by 

potassie  cyanide.     Another  characteristic  and  very  delicate  test 

of  the  presence  of  copper  is  afforded  by  the  action  of  a  polished 

plate  of  iron,  which^  in  a  feebly  acid  solution^  is  speedily  covered 

with  a  red  deposit  of  metallic  copper.     Zinc  precipitates  copper 

in  the  form  of  a  black  powder^  which   assumes  a  metallic  lustre 

tuider  the  burnisher.     K  a  salt  of  copper  be  heated  with  sodic 

carbonate  on  charcoal  be/ore  the  blowpipe  in  the  reducing  fiame^ 

a  bead  of  metallic  copper  may  be  obtained^  and  may  be  recognized 

by  its  colour  and  its  malleability.    Most  copper  salts  when  heated 

on  platinum  wire   communicate  an  intense  green  colour  to  the 

oxidizing  flame. 

In  cases  in  which  the  presence  of  copper  is  suspected  in  admixture  with 
organic  mattern,  as  in  the  contents  of  the  stomach,  where  it  is  supposed  to  have 
acted  as  a  poison,  the  material  must  he  reduced  to  dryness,  and  incinerated  in  an 
earthen  crucihle.  The  ash  is  then  to  he  treated  with  nitric  acid,  and  the  liquid 
tested  with  ammonia,  with  potassie  ferrocyanide,  and  with  a  steel  needle.  The 
copper-coloured  deposit  on  the  steel  may  he  further  identified  hy  placing  it  in  a 
narrow  tuhe  with  a  few  drops  of  ammonia,  which  will  hecome  hlue  in  the  course 
of  24  hours  if  copper  he  present  (Taylor). 

The  salts  of  copper  have  considerable  tendency  to  form  double 
compounds  with  other  salts^  and  frequently  basic  salts  of  this  metal 
may  be  procured  with  various  acids :  those  with  the  sulphuric, 
nitric,  carbonic,  and  acetic  acids  are  the  most  important. 

(888)  Estimation  of  Copper, — This  is  generally  effected  in  the 
form  of  the  black  oxide,  loo  parts  of  which  correspond  to  79*85 
of  the  metal.  If  the  solution  contain  no  metal  precipitable  by 
potassie  hydrate,  an  excess  of  solution  of  potash  is  added,  and 
the  liquid  is  boiled ;  the  precipitate  is  well  washed  with  boiling 

water. 

Pelouze  {Ann,  de  Chimie,  III.  xvi.  426)  has  descrihed  a  method  of  esti- 
mating the  quantity  of  copper,  hy  hringing  it  into  solution  with  excess  of  am- 
monia, and  ascertaining  the  quantity  of  a  standard  solution  of  disodic  sulphide 
which  is  required  to  decolorize  the  liquid.  The  process  is  rapid,  and  admits  of 
being  applied  in  a  large  numher  of  cases. 

A  still  hetter  method,  according  to  E.  0.  Brown  (Q.  J  Chem,  Soc,  x.  6j) 
consists  in  treating  the  solution  of  copper  with  one  of  potastdc  iodide ;  cupreous 
iodide  (Cu  J,)  is  thus  formed,  and  iodine  is  set  at  liherty :  the  amount  of  the  latter 
is  determined  hy  a  standard  solution  of  sodic  hyposulphite :  in  order  to  effect  the 
operation  a  weighed  quantity  of  the  ore  is  dissolved  in  nitric  acid,  hoiled  till  red 
fumes  cease  to  escape,  and  the  nitrous  acid  is  all  expelled :  it  is  then  diluted  with 
water,  and  sodic  carbonate  added  until  a  slight  permanent  precipitate  is  formed. 
Acetic  acid  in  excess  is  added,  and  aflerwards  an  excess  of  potassie  iodide  and  a 
few  drops  of  a  solution  of  starch.  The  quantity  of  iodine  thus  set  free  is  then 
estimated  by  the  number  of  divisions  of  a  standard  solution  of  sodic  hypoaulphite 
required  to  oxidize  the  iodine,  a  point  which  admits  of  most  accurate  determina- 
tion by  the  disappearance  of  the  blue  tinge.     The  solution  of  hyposulphite  ia 

fe  s  2 
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graduated  bj  dissolviug  0*5  grm.  of  pore  copper  in  nitrio  add,  and  sabjeding  it 
to  a  series  of  operations  exactly  oorreitponding  to  those  performed  upon  the  ore, 
noting  the  number  of  divisions  of  the  standard  solution  consumed  in  neutralizing 
the  amount  of  iodine  set  free. 

Copper  may  be  readily  separated  from  the  metals  of  the  first 
five  groups,  with  the  exception  of  cadmium,  by  the  action  of  sul- 
phuretted hydrogen.  The  precipitated  cupric  sulphide  must  be 
washed  with  water  containing  sulphuretted  hydrogen  in  solution, 
in  order  to  prevent  its  oxidation  on  the  filter.  The  precipitate 
must  be  detached  from  the  filter,  redissolved  in  nitric  acid  (727), 
and  the  cupric  oxide  precipitated  by  means  of  caustic  potash. 

K  cadmium  be  present,  Stromeyer  directs  that  the  precipi- 
tate of  the  mixed  sulphides,  obtained  by  transmitting  sulphuretted 
hydrogen  through  the  liquid,  be  redissolved  by  nitric  acid,  and 
precipitated  by  an  excess  of  ammonic  sesquicarbonate,  whichj 
if  left  to  stand  for  a  few  hours,  dissolves  the  copper,  but  leaves 
the  cadmium  in  the  form  of  carbonate. 

The  separation  of  copper  from  bismuth  may  be  effected  by 
means  of  ammonic  sesquicarbonate,  as  directed  for  cadmium. 

The  other  metals  of  the  sixth  group  are  separated  by  precipi- 
tating them  with  the  copper  as  sulphides,  and  then  digesting  the 
mixed  sulphides  with  a  solution  of  potassic  hydrosulphide  (am- 
monic hydrosulphide  dissolves  traces  of  copper) ;  the  cupric  sul- 
phide alone  remains  undissolved. 

§  II.  Lead  (Plumbum) :  Pb''=:207.    8p,  Gr.  11*36;  Fusmg-pt. 
617^  (325^  C.) ;  usually  Dyad,  as  in  PbCl,;  sometimes 

Tetrad,  as  in  Pb(C,H5)^. 

(889)  Almost  all  the  lead  of  commerce  is  obtained  from 
galena,  the  native  plumbic  sulphide.  It  occurs,  mixed  with  quarts, 
blende,  pyrites,  baric  sulphate,  and  fluor-spar,  in  veins  traversing 
the  primitive  rocks,  and  particularly  in  the  clay-slate  in  Corn- 
wall, and  mountain  limestone  in  Cumberland.  Small  quantities 
of  plumbic  carbonate  and  phosphate  are  frequently  met  with,  but 
they  are  unimportant  as  ores  of  the  metal.  Galena  always  con- 
tains a  small  proportion  of  argentic  sidphide ;  when  the  mineral 
is  foimd  in  bold,  well-characterized  cubes,  it  is  usually  nearly  pure. 
The  proportion  of  silver  in  galena  is  liable  to  considerable  varia- 
tion ;  a  mineral  yielding  120  ounces  of  silver  to  the  ton,  or  0*36 
per  cent.,  is  considered  to  be  extremely  rich.  England  and  Spain 
afford  the  principal  supply  of  this  metal,  about  65,000  tons  of 
lead  being  annually  raised  in  England,  which  furnish  on  the 
average  56O1OOO  ounces  of  silver. 
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(890)  Extraction. — After  the  lead  ore  haa  been  raised  to  the 
snrfoce,  it  undergoes  a  careful  mechanical  preparation,  conducted 
upon  the  principles  already  explained  (529] ;  and  having  been 
thus  fireed  to  a  great  extent  from  its  earthy  impnritiee,  it  is  ready 
for  smelting. 

If  the  galena  be  tolerably  free  from  siliceous  gangue,  this 
operation  is  sufficiently  simple.  About  1^  ton  of  the  dressed  ore 
is  mixed  with  from  a  fortieth  to  a  twentieth  of  its  weight  of  lime, 
and  is  heated  to  dull  redness  in  a  reverberatory  furnace,  through 
which  a  strong  current   of  air  is  passing.     Fig.  363  exhibits  a 


Fib.  363. 


section  of  the  reducing  furnace  employed  in  Derbyshire.  A  is 
the  fire-grate,  6  the  bridge,  h  the  hopper  by  which  the  charge  is 
introduced ;  c  c,  the  bed  on  which  the  ore  is  placed,  sloping  down* 
wards  towards  a  gutter  in  the  centre,  by  which  the  melted  metal 
is  drawn  off;  d,  d,  d,  are  doors  for  working  the  charge  and  for 
admitting  air,  the  draught  of  the  furnace  being  completely  under 
control  by  a  damper  placed  in  the  fine  /. 

During  the  roasting  a  lar^  quantity  of  the  sulphur  bums  off 
as  sulphurous  anhydride,  and  a  portion  of  plumbic  oside  is  formed : 
another  portion  of  the  plumbic  sulphide  is  converted  into  sulphate, 
and  much  of  the  ore  still  remains  undecomposed.  In  the  course 
of  the  operation,  the  mass  is  frequently  stirred,  and  care  is  taken 
not  to  allow  the  temperature  to  rise  sufficiently  high  to  fiise  it. 
When  it  is  considered  that  the  roasting  has  been  carried  far 
enough,  the  materials  on  the  bed  of  the  furnace  toe  thoroughly 
mixed  together,  the  furnace  doors  are  closed,  and  the  heat  is  sud- 
denly raised.  The  plumbic  oxide  aai  sulphate  then  react  upon 
the  undecomposed  sulphide  of  the  metal ;  a  lai^  qoanti^  of  sul- 
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phurous  anhydride  is  evolved,  whilst  metallic  lead  runs  copiously 
from  the  mass.  The  successive  stages  of  this  operation  may  be 
traced  as  follows  :— 

Two  atoms  of  plumbic  sulphide,  by  combining  with  6  of 
oxygen,  furnish  2  atoms  of  plumbic  oxide  and  2  of  sulphurous 
anhydride,  as  is  exhibited  by  the  equation:  aPbS+30j=2PbO 
+  2SO3.  If  I  atom  of  galena  unite  with  4  atoms  of  oxygen,  i 
atom  of  plumbic  sulphate  is  formed:  PbS  +  203=PbSO^.  Both 
plumbic  oxide  and  sulphate,  when  heated  with  fresh  sulphide  of 
lead,  are  decomposed,  metallic  lead  and  sulphurous  anhydride 
being  in  each  case  the  result  of  the  reaction.  Two  atoms  of 
plumbic  oxide  and  i  of  galena  furnish  3  of  lead  and  i  of  sul- 
phurous anhydride  :  aPbOH-PbS=3PbH-S03.  One  atom  of 
plumbic  sulphate,  when  heated  with  i  of  galena,  yields  2  atoms 
of  lead  and  2  of  sulphurous  anhydride :  thus  PbSH-PbSO^=aPb 
+  2SO2.  During  the  roasting  a  portion  of  plumbous  sidphide, 
PbgS,  is  also  produced.  This  substance  forms  a  fusible  matt, 
which  flows  from  the  frimace  with  the  metallic  lead,  constituting 
a  stratum  which  floats  above  the  melted  metal.  This  subsulphide 
is  again  returned  to  the  furnace  and  roasted  with  fr^h  ore. 

After  the  melted  mass  has  been  drawn  off  into  cast-iron 
basins  placed  for  its  reception,  a  few  spadefuls  of  lime  to  which  a 
quantity  of  fluor-spar  is  sometimes  added,  are  thrown  into  the 
furnace,  with  a  view  to  act  upon  the  scorise  which  remain  behind 
in  considerable  quantity  :  the  lime  decomposes  the  fusible  plumbic 
silicate,  liberates  plumbic  oxide,  and  forms  a  less  fusible  calcic 
silicate,  and  the  fluor-spar  forms  a  fusible  compound  with  the 
calcic  or  baric  sulphate,  if  either  of  them  is  present.  The  sooriie 
usually  contain  an  excess  of  plumbic  oxide  and  sulphate;  they 
are  therefore  mixed  with  coke  or  charcoal,  and  exposed  to  heat 
on  the  bed  of  the  furnace,  after  the  doors  have  been  carefully 
closed  :  the  plumbic  oxide  then  becomes  reduced  by  the  carbon. 

Refining  of  Lead, — Lead  which  contains  antimony  or  tin  u 
harder  than  the  pure  metal,  and  is  subjected  to  a  further  opera- 
tion, termed  improving,  in  order  to  refine  it.  This  consists 
simply  in  melting  the  lead,  and  heating  it  for  a  period,  longer  or 
shorter,  as  may  be  necessary,  in  a  shallow  cast-iron  pan  set  in 
the  bed  of  a  reverberatory  furnace ;  the  antimony  and  tin  being 
more  oxidizable  than  the  lead,  are  thus  removed  in  the  pellicle 
of  oxide  which  is  continually  being  formed.  From  time  to  time 
the  workman  takes  out  a  small  sample  of  the  metal  to  examine 
the  appearance  which  it  presents  on  cooling.  As  soon  as  it 
exhibits  a  peculiar  flaky  crystalline  appearance  on  the  sor&cei 
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the  oxidation  has  been  carried  far  enough ;  the  metal  is  then  run 
off  and  cast  into  pigs. 

(89 1 )  Concentration  of  Silver  in  Lead  by  Pattinson's  Process. — 
Silrer  may  be  profitably  extracted  from  lead,  even  when  the 
quantity  does  not  exceed  from  three  to  four  ounces  of  silver  to 
the  ton,  by  a  process  introduced  by  Mr.  Pattinson,  of  Newcastle. 
This  gentleman  observed  that  if  melted  argentiferous  lead  be 
briskly  stirred  during  slow  cooling,  a  portion  of  the  metal  solidi- 
fies first,  in  the  form  of  crystalline  grains,  which  sink  to  the 
bottom  of  the  still  fluid  portion.  These  crystals  consist  of  lead 
nearly  free  from  silver,  the  fusing-point  of  the  argentiferous 
alloy  occurring  at  a  lower  temperature  than  that  of  pure  lead. 
This  observation  is  turned  to  accoimt  in  the  following  simple 
manner : — 

Eight  or  nine  cast-iron  pots,  each  capable  of  containing  about 
five  tons  of  melted  lead,  are  arranged  in  a  row,  set  in  brickwork, 
and  each  provided  with  a  separate  fireplace  underneath.  A  quan- 
tity of  lead  is  introduced  into  the  middle  pot,  and  melted ;  the 
fire  is  then  withdrawn,  and  the  metal  is  briskly  stirred  by  the 
workman  whilst  it  cools :  the  crystals  of  lead  subside  as  they 
form,  and  are  removed  at  intervals  by  means  of  a  large  per- 
forated iron  ladle,  and  transferred  to  the  next  pot  on  the  right 
hand.  When  about  four-fifths  of  the  metal  have  been  thus  re- 
moved in  crystals,  the  concentrated  argentiferous  alloy  is  ladled 
out  into  the  next  pot  on  the  left-hand  side,  and  the  empty  pot  is 
charged  with  a  fresh  portion  of  lead,  which  is  subjected  to  a 
similar  treatment.  When  the  pot  to  the  right  and  to  the  left 
has  in  this  manner  received  a  sufficient  quantity  either  of  poor  or 
of  argentiferous  lead,  it  is  subjected  to  a  similar  operation ;  the 
concentrated  argentiferous  portion  being  passed  off  continually  to 
the  next  pot  on  the  left,  whilst  the  crystalline  or  poorer  portion 
is  handed  over  to  the  next  pot  on  the  right-hand  side.  The  last 
pot  to  the  left  thus  at  length  becomes  filled  with  lead  which  may 
contain  300  ounces  of  silver  to  the  ton  (0*9  per  cent.) ;  it  is  not 
found  advantageous  to  concentrate  it  beyond  this  point :  the  lead 
which  accumulates  in  the  last  pot  on  the  right-hand  side  does  not 
contain  more  than  half  an  ounce  of  silver  in  the  ton.  This  poor 
lead  is  much  improved  in  quality  by  the  operations  which  it  has 
undergone,  and  is  at  once  cast  into  pigs  for  the  market. 

(892)  Extraction  of  Silver  from  Lead  by  Cupellation. — ^The 
rich  argentiferous  lead  is  now  subjected  to  cupellation.  This 
process  is  founded  upon  the  circumstance  that  lead,  if  exposed  at 
a  high  temperature  to  a  current  of  air^  absorbs  oxygen  rapidly. 
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and  is  converted  into  a  fimble  oxide,  while  silver  does  not  become 
oxidized,  but  is  left  betiad  in  the  metallic  state.  The  lithsi^  or 
plumbic  oxide  melts  at  a  high  temperature,  and  floira  off  the 
convex  surface  of  the  melted  metal,  and  thus  continually  exposes 
a  fresh  surface  of  lead  to  the  action  of  the  air. 

In  England  the  tmpellation  ia   performed  in  a  low-downed 
reverberatory  furnace,  the  hearth  of  which  is  moveable.     The 
hearth  or  agxl  is   shown 
Ti<i.j64.  i^  the  plan  of  the  foinace 

(fig.  364) :  it  consists  of 
.  shallow  oval  baain,  c, 
I  composed  of  a  mixture  of 
bone  ash  with  fern  or  wood 
ashes ;  this  mixture  is 
2_  slightly  moistened,  and 
beaten  into  an  iron  ring 
of  about  4  feet  in  its  long 
diameter,  and  2  feet  in  the  shorter  (1*2  by  O'ti  metre] :  the  cupel  is 
introduced  into  the  furnace  from  beneath,  and  is  supported  by 
bricks,  so  that  it  can  be  readily  removed  and  renewed, — an  opera- 
tion which  is  generally  required  once  a  week.  When  dry,  the  Gre 
is  lighted  cautiously,  aud  the  lead  introduced ;  a  continual  blast  of 
air  from  a  tuyere,  T,  is  made  to  play  over  the  surface  of  the 
melted  metal;  litharge  is  formed  abundantly,  and  runs  off 
through  a  gutter,  ff,  into  an  iron  pot,  p,  placed  beneath  the 
furnace  for  its  reception ;  in  front  is  a  hood,  h,  for  carrying  off 
the  fumes  of  oxide  of  lead  which  would  otherwise  escape  and 
injure  the  workmen.  Fresh  lead  is  added  from  time  to  time  to 
supply  the  place  of  that  which  is  oxidized ;  until  at  length  ■ 
quantity  of  lead,  originally  amounting  to  about  5  tons,  is  reduced 
to  between  2  and  3  cwt.  This  melted  metal  is  withdrawn  by 
making  a  hole  through  the  bottom  of  the  cupel ;  the  aperture  is 
afterwards  closed  with  fresh  bone  ash,  and  another  chaige  is 
proceeded  with.  When  a  quantity  of  rich  lead  sufficient  to  yield 
from  3000  to  5000  oimces  of  silver,  or  from  93  to  155  kilos,  has 
thus  been  obtained,  it  is  again  placed  in  a  cupel,  and  the  last  por- 
tions of  lead  are  removed.  It  is  found  advantageous  to  e&ct 
this  final  purification  of  the  concentrated  silver-lead  separately, 
because  in  the  last  stages  of  the  operation  the  lithai^  carries 
a  good  deal  of  silver  down  with  it :  these  portions  of  litharge, 
therefore,  on  being  reduced,  are  again  subjected  to  the  deailver- 
ing  process. 

The  litharge  from  the  first  fusion  ia  either  sold  as  such,  en*  it 
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is  reduced  in  a  small  reverberatory  furnace  with  anthracite,  or 

]K>wdered  coal.     The  porous  cupels  absorb  a  large  quantity  of 

lithaj^e,  and  they  likewise  are  passed  through   the  furnace  in 

order  to  extract  the  metaL 

A  very  beautiful  phenomenon,  known  as  the  fidguratUm  of 

the  metal,  attraids  the  removal  of  the  last  portions  of  lead  from 

the  silver.     During  the  earlier  stages  of  the  process,  the  film  of 

plumbic  oxide,  which  is  constantly  being  formed  over  the  surface 

of  the  melted  mass,  is  renewed  as  rapidly  as  it  is  removed ;  but 

when  the  lead  has  all  been  oxidized,  the  film  of  litharge  upon  the 

silver   becomes   thinner   and  thinner  as  it    flows  off;   it  then 

exhibits  a  succession  of  the  beautiful  iridescent  tints  of  Newton's 

rings :  and  at  length  the  film  of  oxide  suddenly  disappears,  and 

reveals  the  brilliant  surface  of  the  metallic  silver  beneath. 

In  the  Uarfcz  the  hearth  of  the  cnpellation  farnaoe  is  fixed,  and  is  made  of 
brick,  covered  with  marl,  which  is  renewed  after  each  operation,  but  the  cover 
of  the  furnace  is  moveable.  E^arsten  states  that  tbe  advantage  of  this  method 
18,  that  the  litharge  runs  off  more  perfectly,  and  that  there  is  less  waste  of  silver 
firom  absorption  into  the  cupel,  and  less  expenditure  of  labour  and  fuel  upon 
recovering  the  lead  from  the  bottom  of  the  furnace,  which  absorbs  comparatively 
little  litharge. 

(893)  In  the  North  of  England,  the  galena  is  smelted  by  a  process  some- 
what different :  the  ore  is  first  roasted,  and  then  reduced  in  a  small  square  blast 
furnace,  or  forge  hearth, — dried  peat  being  the  fuel  principally  employed.  This 
form  of  furnace  is  known  as  the  Scotch  furnace. 

In  some  parts  of  the  Hartz,  where  the  ores  are  largely  mixed  with  siliceous 
matters,  the  English  method  of  smelting  is  not  applicable,  as  the  silica  would 
combine  with  the  oxide  of  lead,  and  form  a  fusible  slag.  It  is  found  necessary 
in  thefte  cases  to  reduce  the  sulphide  of  lead  by  means  of  metallic  iron,  which  is 
added  in  the  form  of  granulated  cast-iron,  in  the  proportion  of  about  i  part  of 
iron  to  20  of  pure  galena.  The  fusion  is  performed  in  a  small  blast  furnace, 
about  6  metres  high  and  0*9  m.  across,  or  20  feet  high,  and  3  feet  across  at 
the  widest  part. 

These  various  furnace  operations  are  attended  by  a  continual  disengagement 
of  white  fumes,  which  consist  principally  of  plumbic  oxide  and  sulphate,  and  are 
technically  termed /ro^A  of  lead;  in  this  way  nearly  a  seventh  of  the  whole  lead 
is  volatilized.  Independently  of  the  waste  thus  occasioned,  the  fumes  are  highly 
deleterious ;  it  is  therefore  of  great  importance  to  prevent  as  far  as  possible 
their  diffusion  through  the  air.  It  is  stated  that  in  the  Hartz  about  ^  of  the 
volatilized  portion  is  arrested  by  causing  the  gases  from  the  furnaces  to  pass 
through  a  succession  of  condensing  chambers,  before  they  finally  escape  into  the 
air.  At  Allenheads,  in  Cumberland,  a  flue  which  ascends  the  side  of  a  hill  of 
three  miles  in  length  has  been  employed  to  conduct  these  fumes. 

(894)  Properties, — Lead  is  a  bluish  white  metal,  so  soft  that 
it  may  easily  be  made  to  take  impressions :  it  leaves  a  streak 
upon  paper,  and  may  be  cut  with  the  nail.  It  may  be  lami- 
nated into  tolerably  thin  sheets,  as  well  as  drawn  into  wire ;  but 
in  both  ductility  and  tenacity  it  is  low  in  the  scale.  It  ftises  at 
6ao°  (3^7°  C.,  Person ;  or  32*5°  C,  Budberg),  and  may  with  some 
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difficulty  be  obtained  in  cubic  or  in  octohedral  crystals  as  it 
cools  :  the  purer  the  lead  the  larger  the  crystals  (Baker^  quoted 
by  Matthiessen).  Lead  contracts  considerably  at  the  moment  of 
its  solidification,  and  it  is  therefore  not  well  adapted  for  castings. 
It  appears  to  have  the  power^  when  melted^  of  dissolving  a  small 
quantity  of  plumbic  oxide^  by  which  the  hardness  of  the  metal  is 
much  increased ;  but  its  softness  may  be  restored  by  keeping  it 
melted  under  charcoal  for  some  time^  with  occasional  agitation. 
As  a  conductor  of  heat  and  electricity^  it  is  inferior  to  many  of 
the  metals. 

At  high  temperatures^  lead  absorbs  oxygen  rapidly  from  the 
air ;  it  undergoes  partial  volatilization^  and  emits  white  fumes  of 
oxide.  It  is  not  acted  upon  by  sulphuric  or  hydrochloric  acid  at 
ordinary  temperatures^  and  but  slightly  even  when  boiled  with 
them;  but  it  is  dissolved  with  extrication  of  nitric  oxide,  by 
nitric  acid^  especially  when  the  acid  is  somewhat  diluted.  The 
vapours  of  acetic  acid  corrode  it  rapidly^  and  if  carbonic  acid  be 
also  present^  convert  it  gradually  into  white  lead.  Green  oak 
wood^  from  the  quantity  of  acetic  acid  which  it  contains,  should 
not  be  used  in  contact  with  lead  for  building  purposes.  The 
alkalies  do  not  exercise  any  decided  influence  upon  lead.  Chlorine 
also  slowly  converts  the  metal  into  chloride,  but  the  film  of  this 
compound,  which  is  formed  on  the  surface,  protects  the  metal 
beneath.  In  the  presence  of  moisture,  lead  is  corroded  when  in 
contact  with  calcic  sulphate ;  hence  in  its  application  to  archi- 
tectural purposes,  the  contact  of  stucco  or  plaster  with  leadlshould 
be  avoided. 

The  lead  of  commerce  is  often  nearly  pure.  The  purest 
specimens  are  the  softest.  Traces  of  tin,  iron,  copper,  and 
silver,  and  sometimes  of  antimony  and  manganese,  are  the 
impurities  which  are  most  often  observed.  In  order  to  obtain 
it  perfectly  pure,  it  should  be  reduced  with  black  flux  firom 
the  oxide  left  by  igniting  the  pure  nitrate  or  carbonate  of  the 
metal. 

(895)  Combined  Action  of  Air  and  Water  on  Lead. — ^The 
surface  of  a  piece  of  lead  when  freshly  cut  presents  a  high  metallic 
lustre,  but  it  soon  tarnishes  by  exposure  to  air,  owing  to  the  for- 
mation of  a  thin,  closely  adhering  fllm  of  oxide,  which  protects 
the  metal  from  further  change.  Lead  undergoes  no  alteration 
in  a  perfectly  dry  atmosphere,  and  even  when  sealed  up  in  a 
vessel  of  pure  water,  which  has  been  boiled  for  some  time  to 
expel  the  air,  the  metal  will  retain  its  brilliancy  for  aa  indefinite 
period ;  but  if  it  be  exposed  to  the  united  action  of  air  and  /mby 
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water>  it  is  subject  to  a  powerful  corrosion.  As  the  result  of 
this  exposure  the  lead  becomes  oxidated  at  the  surface,  and  the 
water  dissolves  the  oxide  of  lead ;  this  solution  absorbs  carbonic 
acid,  a  film  of  hydrated  basic  carbonate  of  lead  (PbOH20,PbCOg) 
is  deposited  in  silky  scales,  and  a  fresh  portion  of  oxide  is  formed 
and  dissolved  by  the  water ;  thus  a  rapid  corrosion  of  the  metal 
takes  place.  This  action  is  modified  very  materially  by  the 
presence  of  various  salts  in  the  water^  even  though  the  quantity  of 
these  salts  may  not  exceed  3  or  4  grains  in  the  gallon  (43  to 
57  mgrms.  per  litre).  The  corrosion  is  much  increased  by  the 
chlorides  and  nitrates.  The  presence  of  very  minute  quantities 
of  the  nitrites  in  water  confers  upon  it  a  corrosive  action  on  lead. 
Both  nitrites  and  nitrates  are  often  present  in  spring  and  river 
waters,  owing  to  the  decomposition  of  organic  matter ;  and  it  is 
not  improbable  that  the  imexplained  corrosive  action  of  certain 
soft  waters  upon  lead  may  be  due  to  the  presence  of  these  salts, 
which  might  easily  be  overlooked  in  the  course  of  the  analysis 
(Medlock).  Small  quantities  of  ammonia  also  favour  the  solution 
of  the  metal.  On  the  other  hand,  the  corrosion  is  diminished  by 
the  sidphates^  the  phosphates,  and  the  carbonates.  Plumbic 
oxide,  indeed,  is  scarcely  soluble  in  water  which  contains  these 
salts  in  solution.  A  solution  of  calcic  carbonate  in  carbonic  acid 
is  especially  remarkable  for  the  preservative  influence  which  it 
exerts,  and  as  this  latter  is  a  very  usual  impurity  in  water,  few 
spring  waters  act  on  the  metal  to  any  dangerous  extent.  In  these 
cases  a  film  of  insoluble  plumbic  carbonate  is  formed  upon  the 
surface,  and  the  metal  beneath  is  protected  from  further  injury. 
The  action  of  water  on  lead  is  a  matter  of  great  importance  in 
its  sanitary  bearings,  on  account  of  the  extensive  employment  of 
this  metal  in  cisterns  and  pipes  for  the  storage  and  supply  of 
water.  Rain  water,  as  collected  from  the  roofs  of  houses,  is  for 
the  most  part  sufficiently  impure,  especially  in  large  towns^  to 
prevent  its  action  upon  the  metal.  Of  all  the  salts  of  lead  the 
hydrated  basic  carbonate  is  the  least  soluble,  pure  water  not 
taking  up  more  than  i  part  in  4  millions,  or  about  a  sixtieth  of  a 
grain  per  gallon.  If  a  solution  of  plumbic  oxide  in  distilled 
water^  containing  60  or  70  milligrammes  per  litre^  or  about  4  or 
5  grains  to  the  gallon^  be  exposed  to  the  air^  it  soon  becomes 
filled  with  silky  crystals  of  the  hydrated  basic  carbonate^  owing 
to  the  absorption  of  carbonic  acid ;  and  in  a  few  hours  the  water 
does  not  contain  more  than  T,-u^,Tr^  ^^  its  weight  of  the  metal 
in  solution.  Water  highly  charged  with  carbonic  acid  may 
nevertheless  dissolve  lead  to  a  dangerous  extent^  owing  to  the 
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solubility  of  plumbic  carbonate  in  excess  of  carbonic  acid ;  wben 
water  thus  impregnated  with  lead  is  boiled,  the  gas  is  expeUed, 
and  the  carbonate  subsides.  Sometimes,  as  in  the  soft  lake 
waters  of  Scotland,  the  presence  of  a  little  vegetable  matter  acts 
as  a  preservative  agent  by  combining  with  a  portion  of  oxide  of 
lead,  and  forming  an  insoluble  and  closely  adhering  natural 
pigment  which  lines  the  pipes  and  cisterns.  So  general,  however, 
is  the  action  of  watef  upon  lead,  that  it  is  rare  to  find  any  tiiat 
has  been  kept  in  cisterns  of  this  metal  perfectly  free  from  all 
traces  of  it.  Slate  cisterns  are  therefore  greatly  to  be  preferred 
to  leaden  ones. 

(896)  Uses, — Prom  its  softness,  fusibility,  durability,  and  the 
ease  with  which  it  may  be  worked,  lead  is  applied  to  a  multiph* 
city  of  purposes.  The  reception  chambers  in  the  manufacture 
of  sulphuric  acid  are  lined  with  it.  It  forms  the  ordinary 
material  for  cisterns,  water-pipes,  and  gutters,  and  is  frequently 
employed  in  covering  the  roofs  of  houses. 

The  alhy8  of  lead  are  numerous  and  important.  Shot  for 
fowling-pieces  is  an  alloy  of  lead  with  a  small  proportion  of  arsenic, 
which  hardens  it  and  facilitates  its  granulation  into  globules ;  the 
quantity  of  arsenic  varies  with  the  purity  and  softness  of  the  lead : 
usually  it  requires  from  3  to  8  parts  in  1000.  The  common 
white  arsenic  of  the  shops  is  added  to  the  lead,  melted  in  a  covered 
vessel ;  the  arsenious  anhydride  is  reduced  by  the  lead,  and  the 
oxide  of  lead  thus  formed  rises  as  a  film  to  the  surface  of  the 
alloy.  Sonnenschein  observed  an  alloy  of  iron  and  lead  (EePb,) 
which  had  been  accidentally  formed  in  a  blast  fomace,  in  acicolar 
feathery  crystals ;  it  was  yellow,  harder  than  lead,  and  of  sp.  gr. 
1 0*36;  it  contained  11*14  per  cent,  of  iron. 

When  lead  is  alloyed  with  about  one-third  of  its  weight  of 
antimony,  it  forms  type  metal :  a  superior  variety  of  type  conasts 
of  I  part  of  antimony,  i  of  tin,  and  2  of  lead ;  it  is  harder  and 
tougher  than  the  common  alloy  used  for  this  purpose.  Both  the 
alloys  are  sufiBciently  fusible  to  allow  of  being  readily  cast ;  they 
expand  at  the  moment  of  solidification,  and  copy  the  mould  ac- 
curately ;  they  are  hard  enough  to  bear  the  action  of  the  presS; 
and  yet  not  so  hard  as  to  cut  the  paper.  The  ordinary  fudUe 
metal  contains  lead,  as  do  the  various  compounds  called  pewter^ 
Britannia  metal,  and  Queen's  metal.  The  solder  used  by  tinplate 
workers  and  plumbers  is  a  mixture  of  lead  and  tin  (812).  When 
lead  is  melted  with  zinc,  a  white,  hard,  ductile  aUoy  ia  formed; 
but  the  two  metals  separate  into  two  distinct  layers  if  the  fused 
mass  be  left  to  cool  slowly.     Pot-metal  is  an  alloy  of  lead  and 
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copper^  obtained  by  throwing  lumps  of  copper  into  red-hot  melted 
lead  (Brande) :  it  is  of  a  grey  colour^  brittle^  and  granular. 

Other  compounds  of  lead  are  also  largely  employed  in  the  arts. 
The  red  oxide  is  used  in  large  proportion  in  the  manufeusture  of 
flint-glaas  (599).  The  carbonates^  the  oxychlorides^  and  the  chro- 
mates  are  extensively  employed  as  pigments. 

(897)  Compounds  of  Lsad  with  Oxygen. — Lead  forms  four 
oxides ; — an  unimportant  black  suboxide^  ^^fif  obtained  by  heat- 
ing the  oxalate  to  about  608^  (3^0^  C),  in  a  glass  retort.  A. 
protoxide^  PbO^  from  which  the  ordinary  salts  of  the  metal  are 
formed :  a  dioxide^  PbOj^  which  is  insoluble  in  acids ;  and  red 
lead^  which  is  a  compound  of  the  two  oxides  last  mentioned, 
usually  in  the  proportions  indicated  by  the  formula  (aPbO^PbO,). 

Lead  oxide,  Plumbic  oxide,  or  Protoxide  of  lead  (PbO=:223); 
Sp.  Gr.  9*2  to  9'5 ;  Comp.  in  100  parts,  Pb,  gz'Sz ;  O,  7-18. — ^This 
oxide  is  well  known  under  the  name  of  litharge.  Its  colour  varies 
according  to  the  mode  of  its  preparation.  Usually  it  is  obtained 
on  a  large  scale  by  the  oxidation  of  lead  in  a  current  of  air,  in 
which  case  it  forms  a  scaly  mass,  which,  if  of  a  yellow  colour,  is 
commonly  termed  Mitharge  of  silver/  if  redder,  it  is  termed 
'  litharge  of  gold.'  The  former  is  the  purer,  as  the  red  colour  is 
due  in  many  cases  to  the  presence  of  a  small  quantity  of  minium. 
If  the  oxidation  be  effected  at  a  temperature  below  that  required 
for  the  fusion  of  the  oxide,  a  yellow  powder  termed  massicot  is 
obtained.  Common  litharge,  when  reduced  to  a  fine  powder,  also 
has  a  dull  yeUow  colour ;  when  heated,  it  assumes  a  brown-red 
hue,  which  disappears  again  as  it  cools. 

K  a  hot  lolation  of  cauAtic  soda,  of  up.  gr.  1*42,  be  satarated  with  litharge, 
the  oxide  is  deposited,  as  the  liquid  cools,  in  beautiful  anhydrous  rose-ooloured 
CTystals.  If  the  solution  of  plumbic  oxide  in  caustic  soda  be  allowed  to  evapo- 
rate spontaneously  by  exposure  to  the  air,  the  alkali  gradually  absorbs  carbonic 
acid,  and  the  oxide  is  deposited  in  transparent  anhydrous  dodecahedral  crystals. 
II  the  salt  of  lead  be  precipitated  by  the  addition  of  a  caustic  alkali  in  slight 
excess,  the  oxide  of  lead  is  precipitated  in  the  form  of  a  white  hydrate  (2PbO,U,0). 
Another  hydrate  (3PbO,H,0)  may  be  obtained  in  groups  of  transparent  ooto* 
hcdra,  or  of  four-sided  prisms  mixed  with  anhydrous  crystals,  by  precipitating  a 
solution  of  tribasio  plumbic  acetate  by  an  excess  of  ammonia,  at  a  temperature 
of  86*^  (30*"  C-). 

Both  litharge  and  the  hydrated  oxide  of  lead  absorb  carbonic 
acid  slowly  from  the  atmosphere. 

Plumbic  oxide  fuses  at  a  heat  above  redness,  and  crystallizes 
on  cooling  in  semi-transparent  scales.  When  fused,  it  combines 
rapidly  with  the  earths  and  with  silica,  speedily  destroying  and 
penetrating  the  crucibles  in  which  it  is  melted.  It  should  not 
be  fused  in  platinum  crucibles,  since  it  becomes  decomposed  into 
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the  dioxide^  and  metallic  lead ;  the  latter  attacking  and  spoiling 
the  crucible.  The  protoxide  is  slightly  soluble  in  water,  to  which 
it  communicates  an  alkaline  reaction.  The  presence  of  a  very 
small  quantity  of  saline  matter  diminishes  or  prevents  the  solu- 
tion of  this  oxide ;  the  solution  absorbs  carbonic  acid  rapidly  from 
the  air,  and  mere  filtration  in  many  cases  causes  the  deposition 
of  a  large  portion  of  the  oxide  in  the  form  of  hydrated  basic 
carbonate. 

Oxide  of  lead  is  soluble  in  solutions  of  the  caustic  alkalies ; 
indeed  it  forms  compounds  with  the  alkalies  and  alkaline  earths, 
which  have  been  obtained  in  crystals ;  they  are,  however,  decom- 
posed by  simple  exposure  to  the  atmosphere,  owing  to  the  absorp- 
tion of  carbonic  acid.  The  solution  of  the  oxide  in  lime-water  is 
sometimes  used  as  a  hair-dye :  the  lime  softens  and  partially  de- 
composes the  hair,  and  the  lead  of  the  oxide,  combining  with  the 
sulphur  of  the  hair,  forms  plumbic  sulphide,  which  stains  the  hair 
of  a  permanent  black.  Litharge  is  in  continual  requisition  by  the 
assayer  as  a  flux ;  it  also  enters  largely  into  the  composition  of 
the  glaze  of  common  earthenware.  A  mixture  of  i  part  of  mas- 
sicot with  8  or  I o  of  brick-dust,  made  into  a  paste  with  linseed 
oil,  forms  Dhil  mastic :  it  sets  exceedingly  hard,  and  is  frequently 
employed  to  repair  defects  in  stone  facings ;  the  stone  should  be 
moistened  before  applying  the  mastic. 

Plumbic  oxide  is  a  powerful  base.  Tt  has  a  strong  tendency 
to  form  basic  salts;  those  which  it  yields  with  acetic  acid,  and 
some  of  those  with  nitric  acid,  are  soluble :  they  exert  a  strongly 
alkaline  reaction  upon  test-paper,  and  absorb  carbonic  acid  with 
avidity.  Indeed,  owing  to  the  very  sparing  solubility  of  the  basic 
carbonate  of  lead,  a  solution  of  a  basic  salt  of  lead  is  the  most 
delicate  test  for  the  presence  of  carbonic  acid,  either  in  a  gas  or 
in  distilled  water;  a  mere  trace  of  carbonic  acid  occasions  the 
formation  of  the  peculiar  silky  crystalline  precipitate  which  cha- 
racterizes the  basic  hydrated  plumbic  carbonate. 

(898)  Minium,  or  Red  lead  {sp.  gr,  about  9*08),  is  a  compound 
of  protoxide  of  lead  with  the  dioxide.  It  was  obtained  by  Ber- 
zelius  as  PbOjPbOg,  but  its  most  usual  composition  is  represented 
by  the  formula  2PbO,Pb02,  though  well  crystallized  samples  have 
been  formed,  which  consisted  of  3PbO,PbOj.  All  these  com- 
pounds possess  a  brilliant  red  colour.  If  the  latter  two  be  treated 
with  a  solution  of  potash,  or  with  one  of  normal  plumbic  acetate, 
the  excess  of  plumbic  oxide  may  be  dissolved  out,  and  the  com- 
pound PbO,Pb03  is  left. 

Red  lead  is  obtained  by  heating  metallic  lead,  so  as  first  to 
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procure  the  protoxide  or  massicot^  keeping  the  temperature  below 
the  fusing-point  of  the  oxide;  the  oxide  so  obtained  is  finely 
levigated  in  water^  and  the  particles  which  are  held  in  suspension 
are  allowed  to  subside^  dried^  and  exposed^  in  iron  trays^  to  a 
heat  of  about  608°  (320°  C),  in  a  reverberatory  furnace.  The 
additional  quantity  of  oxygen  is  gradually  absorbed.  If  white 
lead  is  submitted  to  a  similar  roasting^  the  carbonic  anhydride  is 
expelled^  leaving  protoxide  of  lead,  which  is  converted  into  minium 
of  very  fine  quality  by  the  gradual  absorption  of  oxygen.  The 
principal  use  of  red  lead  is  in  the  manufacture  of  flint  glass. 
Much  care  is  required  in  the  preparation  of  minium  for  this 
purpose :  it  is  necessary  that  it  should  be  free  firom  the  oxides  of 
other  metals,  which  would  impart  colour  to  the  glass.  In  the 
oxidation  of  the  lead,  which  constitutes  the  first  stage  in  the  pre- 
paration of  red  lead,  the  metals  which  are  more  oxidizable  than 
lead  are  removed  with  the  first  portions  of  oxide;  whilst  the 
copper  and  silver  accumulate  in  the  portions  of  oxide  which  are 
produced  last.  The  intermediate  stage  of  the  operation  is  there- 
fore that  which  furnishes  the  purest  oxide.  Minium  is  better 
suited  to  the  glass-maker  than  litharge,  because  the  excess  of 
oxygen  bums  off  any  combustible  matter  which  may  accidentally 
be  present,  and  converts  the  ferrous  into  ferric  oxide.  Red  lead 
is  also  used  for  colouring  the  inferior  kinds  of  red  sealing-wax, 
and  for  paper-staining. 

If  minium  be  exposed  to  a  high  temperature  it  is  decomposed, 
oxygen  is  evolved,  and  the  protoxide  of  lead  remains.  Minium  is 
insoluble  in  the  acids,  but  by  many  of  them,  especially  by  nitric 
acid,  it  is  decomposed ;  a  salt  of  the  protoxide  is  formed,  and  the 
brown  dioxide  remains  behind. 

(899)  Plumbic  dioxide,  or  Peroxide  of  Had  {Pb03=239); 
8p.  Gr,  9*45  >  Comp.  in  100  parts,  Pb,  86*61;  O,  I3*39. — This 
compound  is  occasionally  found  native  in  iron-black  brilliant 
hexahedral  prisms,  forming  heavy  had  ore.  It  is  usually  prepared 
by  levigating  miniimi  very  finely,  and  digesting  the  powder  in 
boiling  nitric  acid,  diluted  with  4  or  5  times  its  bulk  of  water ; 
the  residue  is  washed  with  fresh  nitric  acid,  and  then  with  water, 
till  everything  soluble  is  removed.  It  may  also  be  obtained  by 
fusing  at  a  gentle  heat  a  mixture  of  4  parts  of  litharge  in  fine 
powder,  with  i  part  of  potassic  chlorate  and  8  parts  of  nitre,  and 
washing  the  product  with  water.  Wohler  prepares  the  dioxide 
by  transmitting  a  current  of  gaseous  chlorine  through  the  magma 
obtained  by  mixing  a  solution  of  4  parts  of  plumbic  acetate  with 
a  solution  of  3  parts  of  crystallized  sodic  carbonate :  the  plumbic 
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carbonate  becomes  gradually  but  completely  converted  into 
dioxide^  and  must  be  thoroughly  washed ;  sodic  chloride  is  formed, 
and  acetic  and  carbonic  acids  are  set  free,  as  follows  :«— 

PbaCaHjOj  +  Na,CO,  +  Cl^ + 2H,0 = PbO,  +  aHCjH,0,  -h 

2NaCl+HaO,COj. 

Various  other  oxidizing  agents  may  be  employed  to  convert  the 
plumbic  protoxide  into  dioxide :  e.g.  plumbic  acetate  when  heated 
with  a  solution  of  bleaching-powder  yields  the  dioxide  in  crystals. 
Plumbic  dioxide  is  insoluble  in  water  and  in  acids ;  it  is  con* 
verted  by  heat  under  disengagement  of  oxygen  into  the  protoxide ; 
sulphurous  anhydride  instantly  decomposes  it,  forming  plumbic 
sidphate;  PbOjj  +  SOj=PbSO^;  hence  it  is  firequently  employed 
in  the  laboratory  to  absorb  sulphurous  anhydride  when  mixed 
with  other  gases. 

K  digested  in  a  Bolntion  of  ammonia,  or  subjected  to  a  current  of  the  gas, 
mutual  decomposition  occurs ;  water,  ammonic  nitrate,  and  plumbic  oxide  an 
formed.  Cold  diluted  hydrochloric  acid  dissolves  this  oxide,  forming  a  rose- 
coloured  solution,  from  which  the  caustic  alkalies  reprecipitate  the  dioxide ;  but 
if  the  acid  be  employed  hot,  or  in  a  concentrated  form,  plumbic  chloride  is  pro- 
duced, and  chlorine  is  set  free.  If  the  dioxide  be  mixed  with  a  fifth  of  its  wei^t 
of  sulphur,  the  mixture  takes  fire  by  friction,  sulphurous  anhydride  and  plumbie 
sulphide  being  produced. 

Plumbic  dioxide  appears  to  possess  feebly  acid  properties.  By  fusing  the  pure 
dioxide  with  excess  of  caustic  potatfh  or  soda,  in  a  silver  crucible,  and  dissolving 
the  residue  in  a  small  quantity  of  hot  water,  crystals  of  potassic  or  sodic  plwmbate 
are  formed  as  the  solution  cools :  potassic  plumbate  consists  of  K,PbO^3H|0 
(Fremy).  Pure  water  decomposes  these  compounds,  and  the  plumbie  dioxide 
subsides.  Like  the  peroxides  of  silver  and  manganese,  plumbic  peroxide  is  a 
conductor  of  electricity,  and  is  formed  at  the  zincode  of  the  battery  when 
aqueous  solutions  of  the  ordinary  plumbic  salts  are  decomposed  by  the  voltaie 
current 

(900)  Compounds  of  Sulphur  wtth  Lbad. — ^The  most  im- 
portant of  these  is  the  protosulphide^  FbS,  iht  galena  of  mineralo- 
gists. Besides  this  a  subsulphide^  Fb^S^  is  formed  as  the  lead  mail 
in  reducing  galena ;  and  a  red  persulphide  is  also  obtainable,  though 
its  composition  is  not  accurately  known:  it  is  quickly  resolved  in 
the  liquid  into  protosulphide  of  lead  and  firee  sulphur.  This  per- 
sulphide is  procured  by  adding  a  solution  of  a  persidphide  of  ooe 
of  the  metals  of  the  alkalies  to  a  solution  of  a  salt  of  lead. 

Plumbic  tulpMde,  Protosulphide  qf  lead,  or  Galena  (PbS = 239) ; 
^.  Gr.  7*59:  Comp.  in  100  parts,  Pb,  86*6 1;  S,  I3'39, — Galena 
is  an  abundant  mineral,  and  forms  the  principal  ore  of  lead :  it  k 
a  brittle  substance,  and  is  found  crystallized,  more  or  less  distinctly^ 
in  cubes  of  a  deep  leaden  colour  and  strong  metallic  lustre.  Plwmhic 
sulphide  may  be  formed  artificially  by  fusing  lead  with  sulphur ;  of 
it  may  be  precipiiated  as  a  hydntte  by  treating  any  of  its  aidtii 
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either  in  solution  or  in  siupension  in  water^  with  sulphuretted 
hydrogen.  Plumbic  sulphide  requires  a  full  red  heat  for  its 
fusion,  and  at  this  temperature  it  imdergoes  partial  Yolatilization. 
When  heated  in  closed  vessels^  part  of  the  sulphur  is  expelled,  and 
a  mtbiuiphide,  or  plumbaui  sulphide  (Fb^S)  is  left :  this  subsulphide 
is  fonned  on  the  large  scale  in  the  process  for  reducing  galena ; 
it  is  more  fusible  than  the  protosulphide,  and  may  be  melted  at 
a  high  temperature  without  undergoing  decomposition ;  but  if  it 
be  heated  only  to  the  point  at  which  it  begins  to  soften,  the  sub- 
sulphide  is  decomposed,  and  metallic  lead  melts  out,  leaving  the 
less  fusible  protosulphide.  Galena,  when  heated  in  contact  with 
air,  is  oxidated,  part  of  the  sulphur  bums  off,  and  a  mixture  of 
plumbic  oxide  and  sulphate  is  formed.  Nitric  acid  and  aqua 
regia  decompose  it,  converting  it  into  sulphate  :  hydrochloric  acid 
acts  but  slowly  upon  it  in  the  cold,  but  at  a  boiling  temperature 
it  decomposes  it  freely  and  evolves  sulphuretted  hydrogen.  When 
this  sulphide  is  fused  with  lime  or  with  the  hydrated  alkalies, 
metallic  lead  is  obtained.  If  heated  with  oxide  of  lead  or  of 
iron,  it  is  reduced  with  escape  of  sidphurous  anhydride.  When 
heated  with  a  small  quantity  of  nitre  a  similar  result  is  obtained. 
When  plumbic  sulphide  is  heated  with  metallic  iron  it  is  decom- 
posed, sulphide  of  iron  and  metallic  lead  being  the  result.  Ad- 
vantage is  taken  of  this  fact  in  the  assay  of  galena;  lo  grammes 
of  the  powdered  ore  are  mixed  with  15  grammes  of  black  flux,  3 
or  4  blacksmith^s  nails  are  placed  in  a  Cornish  crucible  with  their 
heads  downwards,  the  mixture  is  introduced,  and  covered  with  a 
small  quantity  of  fused  and  powdered  borax.  It  is  hcat^  to  full 
redness  for  lo  minutes :  the  nails  are  withdrawn,  and,  when  cold, 
the  crucible  is  broken,  and  the  button  of  metallic  lead  is  weighed. 
The  Cornish  assayers  usually  employ  200  grains  of  the  ore  in 
each  trial. 

(901)  Plumbic  chloride,  or  Chloride  of  lead  (PbCl3=278; 
^.  Gr.  5*8 ;  Comp,  in  100  parts,  Pb,  74*48 ;  CI,  25*52),  is  best 
prepared  by  precipitating  a  solution  of  plumbic  nitrate  by  the 
addition  of  hydrochloric  acid,  or  of  a  solution  of  sodic  chloride ;  a 
sparingly  soluble,  white,  heavy  precipitate  occurs.  It  is  soluble 
in  about  33  parts  of  boiling  water,  but  it  is  taken  up  more 
sparingly  if  an  excess  of  hydrochloric  acid  be  present ;  the  con- 
centrated acid,  however,  dissolves  it  readily,  and  deposits  it  in 
long,  delicate,  six-sided  needles.  It  is  easily  fasible  into  a  semi- 
transparent,  homy,  sectile  mass,  and  at  high  temperatures  may 
be  volatilized.  If  kept  fused  in  air  till  no  more  fumes  arise,  it 
is  converted  into  an  oxychloride  (PbO^PbCl^).     The  alkalies  at 
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first  convert  it  into  an  oxychloride^  and  if  the  action   be  pro** 
longed^  into  pure  oxide. 

Oxychlorides  of  Lead. — ^The  chloride  combines  with  oxide  of 
lead  in  several  proportions.  One  of  these  forms  a  white^  trans- 
lucent,  fusible,  colourless  mineral  (2PbO,PbClj),  mendipite,  which 
is  found  in  the  Mendip  Hills  crystallized  in  right  rhombic  prisms. 
Pattinson^s  white  oxychloride  of  lead  (PbO,PbCy  is  procured  by 
grinding  galena  in  a  closed  chert  mill  with 'concentrated  hydro- 
chloric acid :  sulphuretted  hydrogen  is  liberated  in  large  quantity, 
and  the  sparingly  soluble  plumbic  chloride  is  first  washed  with 
common  water,  and  chalk  added  to  neutralize  every  trace  of  the 
acid :  it  is  then  dissolved  in  hot  distilled  water,  and  precipitated 
by  the  addition  of  lime-water  in  quantity  just  sufficient  to  remove 
half  the  chlorine  j  CaO  +  2PbClg=CaCl2-f-PbO,PbCl^.  This  oxy- 
chloride is  used  to  some  extent  as  a  pigment  instead  of  white- 
lead.  Another  oxychloride  (PbCl2,7PbO)  is  a  pigment  of  some 
importance,  known  under  the  name  of  patent  yellow,  or  Tumer^s 
yellow ;  it  forms  a  very  fusible  compound  of  a  bright  yellow 
colour,  which  may  be  obtained  by  heating  together   i   part  of 

sal  ammoniac  and  lo  parts  of  litharge. 

When  an  acid  solution  of  plumbic  chloride  is  precipitated  by  a  cnrrent  of 
sulphuretted  hydrogen,  the  precipitate  which  is  first  formed  is  of  a  bright  red 
colour,  but  by  the  further  action  of  the  gas  it  becomes  black,  and  furnishes 
plumbic  sulphide:  the  red  compound  is  a  chlorotulphide  of  lead  (jPbS, 
2PbCg. 

Plumbic  Bbomidb,  or  Bromide  qf  lead  (PbBr,  =  367;  ep.  gr.  6^^^  is 
white,  spariugly  soluble,  and  fusible  at  a  red  heat. 

(902)  Plumbic  Iodide,  or  Iodide  of  lead  {Pblj=46i ;  Sp* 
Gr.  6*384),  is  easily  obtained  by  precipitating  a  solution  of  plumbic 
nitrate  or  acetate  by  one  of  potassic  iodide :  it  is  thrown  down 
as  a  bright  yellow  powder,  sparingly  soluble  in  cold  water,  but 
more  soluble  in  hot  water ;  the  solution  as  it  cools  deposits  beau- 
tiful yellow  spangles  of  a  silky  lustre ;  they  may  be  fused  by  a 
moderate  heat. 

Plumbic  iodide  forms  double  salts  with  the  iodides  of  the  alkali-metak. 
Several  oxyiodides  of  lead  may  also  be  formed. 

A  remarkable  compound  of  oxyiodide  of  lead  with  carbonate  of  lead  [Pb,OI,, 
4PbC0J,  of  a  blue  colour,  may  be  obtained  by  precipitating  the  tribasic  plumbic 
acetate  with  a  mixture  of  i  atom  of  potassic  biniodide  (EI,)  and  2  of  potassic 
carbonate. 

Plumbic  fluoride,  or  Fluoride  qf  lead  (PbP,),  is  white,  insoluble,  aod 
fusible. 

(903)  Plumbic  Sulphate,  or  Sulphate  of  lead  (PbSO^=» 
303) ;  Sp.  Gr.  630 ;  Comp.  in  100  parts,  PbO,  7361 ;  SOj,  26-39.— 
This  compound  occurs  native  in  white  prismatic  or  octohedrtl 
crystals ;  it  is  a\ao  {ouu^  m  combination  with  plumbic  cajrbonate. 
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When  procured  artificially,  it  forms  a  white  powder,  slightly  soluble 
in  nitric  acid,  freely  so  in  a  solution  of  ammonic  acetate  of  sp. 
gr.  i*o6o,  or  upwards.  An  excess  of  sulphuric  acid,  however, 
throws  down  nearly  the  whole  of  the  lead  as  sulphate  from  the 
acetic  solution.  The  other  salts  of  ammonium  also  possess  the 
property  of  dissolving  plumbic  sulphate,  but  to  a  smaller  extent. 
They  form  double  salts  with  plumbic  sulphate,  and  these  com- 
•poimds  are  slightly  soluble.  Plumbic  sulphate  is  dissolved  also, 
to  some  extent,  by  concentrated  sulphuric  acid,  but  it  is  insoluble 
in  pure  water.  Hot  hydrochloric  acid  likewise  dissolves  it 
sensibly,  and  deposits  crystals  of  plumbic  chloride  on  cooling, 
leaving  a  portion  of  sulphuric  acid  free  in  the  solution.  It  may  be 
obtained  by  adding  sulphuric  acid,  or  a  solution  of  any  sulphate, 
to  a  solution  of  one  of  the  salts  of  lead.  It  is  furnished  in  large 
quantities  as  a  secondary  product  during  the  preparation  of 
aluminic  acetate.  Like  all  the  insoluble  compoimds  of  lead,  it 
is  gradually  decomposed  by  sulphuretted  hydrogen;  a  black 
plumbic  sulphide  is  formed,  and  the  acid  is  set  free.  Before  the 
"blowpipe  it  yields  metallic  lead  in  the  reducing  flame,  though  it 
will  bear  a  high  temperature  without  decomposition  when  heated 
alone.  Plumbic  sulphate  and  sidphide  when  heated  together  de- 
compose each  other,  as  explained  when  speaking  of  the  process  of 
lead  smelting  (890).  The  sulphate  is  reduced  when  heated 
with  carbon,  but  the  products  vary  with  the  proportion  of  carbon 
used,  as  may  be  seen  by  the  annexed  equations : — 

2PbS04  +  C  =  2PbO  +  COj  +  2SOj; 

PbSO^  +  C=Pb  +  C03  +  S02; 

PbSO^-f-4C=PbS  +  4CO. 

Plumbic  Sulphite  (PbSO,)  is  a  white  powder,  insolable  iu  water,  but  so- 
luble in  acidd  with  escape  of  sulphurous  acid :  when  heated  it  is  partially  decom- 
posed, with  escape  of  sulphurous  anhydride. 

(904)  Nitrates  of  Lead. — Plumbic  oxide  forms  several  salts 
with  nitric  acid,  viz.,  PbaNOg ;  Pb2N03,PbOH20;  2(Pb2NO^, 
2PbO),3H20;  and  2(Pb2N03,5PbO)3H,0. 

Plumbic  nitrate,  or  Nitrate  of  lead  (Pb2N03=33i) ;  Sp.  Gr. 
4-40;  Comp.  in  loo  parts,  PbO,  67-22;  N^Og,  3278. — This,  the 
normal  nitrate,  is  easily  formed  by  dissolving  litharge  or  metallic 
lead  in  an  excess  of  nitric  acid  somewhat  diluted :  it  crystallizes 
in  regular  anhydrous  octohedra,  which  are  sometimes  transparent, 
but  more  commonly  milk-white  and  opaque.  It  is  soluble  in 
about  8  parts  of  cold  water,  is  sparingly  soluble  in  nitric  acid, 
and  insoluble  in  alcohol.  If  heated  to  redness,  it  decrepitates 
strongly,  then  fuses  and  is  decomposed ;  oxygen,  and  nitric  per- 
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oxide  (NOjj),  in  the  anhydrous  state^  are  evolved  (367),  virhile 
plumbic  oxide  remains. 

CaoBtio  ammonia,  if  added  to  a  Bolation  of  the  nitrate,  in  quantity  insufficient 
to  combine  with  the  whole  of  the  aoid,  throws  down  a  sparingly  sdable  dtbane 
plumbic  nitrate  (Pb2N0,,Pb03,0).  This  salt  may  be  also  procured  by  boiling 
the  normal  nitrate  with  litharge.  It  is  said  to  be  deposited  from  its  solution  in 
hot  water,  in  small  opaque  anhydrous  crystals,  which  decrepitate  forcibly  when 
heated ;  I  have,  however,  always  found  it  to  crystallize  in  leaflets  with  H,0,  and 
this  accords  with  P^ligot's  observation.  By  precipitating  the  nitrate  with  a 
slight  excess  of  ammonia,  a  tribasic  nitrate  is  formed,  which  falls  as  a  white 
powder,  containing  i  jH^O;  by  adding  a  large  excess  of  ammonia  to  the  normal 
nitrate,  a  hexaniirate  is  formed ;  it  also  contains  i  jH,0  (Berzelius). 

(90J)  N1TBITB8  ov  Lead. — ^The  action  of  metallic  lead  on  a  solution  of 
normal  plumbic  nitrate  is  remarkable;  the  solution  of  the  normal  salt  dissolTes 
the  metal  without  evolution  of  gas,  whilst  basic  salts  of  the  lower  oxides  of 
nitrogen  are  produced.  Several  of  these  compounds  may  be  obtained ;  the  com- 
position of  the  basic  salt  varying  according  to  the  proportions  of  the  normal 
nitrate  and  of  the  metal  employed.  When  a  solution  of  33 1  parts,  or  i  equiva- 
lent of  normal  plumbic  nitrate,  is  heated  to  about  140°  (60**  C),  with  207  ptrts 
or  I  equivalent  of  metallic  lead,  perfect  solution  takes  place,  and  a  salt  having 
the  formula  (2PbN0,,H,0)  crystallizes  on  cooling,  in  yellow  plates ;  for  PbaNO,  -f 
Pb  =  2PbN0,.  If  i^  equivalent  of  lead  be  employed  instead  of  i  equivaleot, 
another  salt,  composed  of  (4PbNO,,3PbOH,0),  crystallizes  in  heavy  orange-red 
needles.  By  boiling  a  very  dilute  solution  of  the  nitrate  with  2  equivalents  of 
lead  for  some  time,  a  third  salt,  which  is  a  tetrabatic^nitrite  of  lead,  composed 
of  (Pb2N02.3PbO,U,0;  P^ligot),  crystallizes  in  hard  rose-red  silky  needles, 
which  are  but  sparingly  soluble  in  hot  water,  and  still  less  so  in  cold :  a  normal 
plumbic  nitrite,  Pb2N0,,  may  be  formed  by  transmitting  a  current  of  carbonic 
acid  through  the  solution  of  the  basic  nitrite  just  mentioned :  a  dibasic  nitrite, 
Pb2N0,,Pb0,H,0,  as  well  as  a  tribasio  nitrite,  Pb2N02,2PbO,  have  also  been 
formed. 

(906)  Phosphates  of  Lead. — The  salts  of  lead  give  a  white 
precipitate  with  the  soluble  salts  of  each  modification  of  phosphoric 
acid ;  these  phosphates  are  principally  interesting  as  furnishing 
an  easy  means  of  procuring  the  hydrates  of  these  different  acids, 
by  suspending  the  corresponding  salt  in  water^  and  decomposing 
it  by  means  of  a  current  of  sulphuretted  hydrogen.  All  the 
phosphates  of  lead  are  soluble  in  nitric  acid.  Plumbic  pyrophoi* 
phate  (PbjPjOy)^  before  the  blowpipe  furnishes  a  semi-transparent 
globule^  which  becomes  remarkably  crystalline  on  cooling.  7H- 
plumbic  diphosphate  occurs  both  massive  and  crystallized  in  sii- 
sided  prisms ;  the  produce  of  a  small  mine  at  Wissembourg  con- 
sists principally  of  this  compound,  mixed  with  plumbic  carbonate. 
A  cldorophosphate  of  lead  [pyromorphite,  PbCly3(Pbj2POJ,  sp.gr. 
7*01]  is  found  native  in  yellow  six-sided  prisms :  it  is  leadil; 
fusible. 

Boraeie  anhydride  may  be  fused  with  plumbic  oxide  in  all  yoportioDi; 
borate  of  lead  enters  into  the  composition  of  Faraday's  optical  (^ass.  The  eiU' 
catet  ^  lead  enter  laxfsci^^  m\A  tJbA  ioEmatiou  of  flint  ^ais.    SiUoa  and  flmahii 
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oxide  may  be  fused  together  in  almost  all  proportions ;  the  larger  the  proportion 
of  silica  the  less  fusible  is  the  compound,  and  the  freer  from  colour :  with  an 
excess  of  oxide  the  gkss  is  yellow. 

(907)  Carbonates  of  Lead. — Native  plumbic  carbonate 
(PbCO, ;  sp.  gr,  6*46)  is  a  beautiful  mineral  met  with  crystallized 
in  transparent  needles,  or  in  fibrous  masses^  which  are  generally 
opaque.  It  is  soft  and  brittle^  and  usually  accompanies'  the  de- 
posits of  galena^  in  small  quantity.  The  manufacture  of  plumbic 
carbonate,  or  white  lead,  for  the  painter^  is  carried  on  upon  a 
large  scale.  Several  methods  are  in  use  in  the  preparation  of  this 
compound :  in  all  of  them,  however,  certain  peculiarities  in  the 
properties  of  the  acetates  of  lead  are  taken  advantage  of.  There 
are  two  plumbic  acetates — a  normal  salt,  Pb2CjH,0y  and  a  basic 
acetate  (PbaC^HjOj^aPbO).  A  solution  of  the  normal  acetate  in 
the  presence  of  an  excess  of  plumbic  oxide  readily  unites  with  it 
to  form  the  basic  salt,  and  this  basic  acetate,  if  exposed  to  an 
atmosphere  containing  carbonic  anhydride,  rapidly  absorbs  this 
gas,  and  is  thus  converted  into  plumbic  carbonate  and  normal 
acetate.     These  changes  may  be  thus  represented : — 

Phumbio  ftceUto.  Baaio  plambio  MMtott. 


PbaC^jOj  -^  2  PbO  =  PbaCjHgOj,  2PbO ;  and 

BMie  phunMe  Msettte.  Plumbie  MeUto.   Plambio  Mrbomfeo. 

PbzCgHjOj^aPbO  -^  iCO,  =  PbaC^HjOg  -h  aPbCOj. 

The  following  is  the  plan  which  is  known  as  the  Dutch  method 
of  making  white  lead :  it  is  still  carried  on  extensively  at  Lille  : — 
A  number  of  small  glazed  earthen  pots  are  partially  filled  with  a 
weak  malt  vinegar,  and  in  each  pot  a  thin  sheet  of  cast  lead  coiled 
into  a  spiral  form  is  placed ;  these  pots  are  then  imbedded  in  spent 
tan,  arranged  in  rows,  and  covered  with  boards ;  thus  prepared,  they 
are  placed  in  tiers  one  above  another  to  a  depth  of  18  or  :20  feet, — 
the  warmth  given  out  during  the  putrefaction  of  the  tan  volatilizes 
the  vinegar,  and,  under  the  united  influence  of  the  air  and  acid 
fumes,  plumbic  oxide  is  formed  upon  the  surface  of  the  coils  of 
metal;  this  oxide  reacts  upon  the  acetic  acid  which  rises  in 
vapour  from  the  vinegar,  and  a  basic  plumbic  acetate  is  thus  pro- 
duced. The  carbonic  anhydride  which  is  supplied  from  the  de- 
composing hot-bed  readily  converts  this  salt  into  plumbic  car- 
bonate and  the  normal  acetate ;  whilst  the  latter  again  combines 
with  a  fresh  portion  of  newly-formed  oxide,  and  produces  the 
basic  acetate,  which  is  decomposed  as  before :  successive  decom- 
positions and  recompositions  ensue,  as  the  normal  acetate  imme- 
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diately  dissolves  any  plumbic  oxide  presented  to  it,  forming  thd 
basic  acetate,  which  again  is  decomposed  imder  the  influence  of 
carbonic  anhydride.  Rolled  lead  cannot  be  advantageously  sub- 
stituted for  cast  lead  in  this  process,  and  the  purest  lead  is  always 
preferred,  traces  of  iron  being  sufficient  to  impart  an  objectionable 
yellow  tinge  to  the  product. 

Since  the  lead  in  this  process  derives  oxygen  from  the  air,  it 
is  necessary  that  the  atmosphere  be  allowed  to  come  sufficiently 
into  contact  with  the  coils.  The  quantity  of  vinegar  which  is 
required  is  very  small,  i  part  of  pure  acetic  acid  to  loo  parts  of 
lead  being  amply  sufficient.  The  carbonate  is  thus  produced  very 
slowly,  and  forms  a  compact  layer  upon  the  surface  of  the  coils. 
It  always  contains  an  excess  of  hydrated  plumbic  oxide,  but  the 
proportion  of  this  oxide  is  liable  to  vary.  Mulder  foimd  a  speci- 
men which  he  examined,  to  contain  PbOH20,3PbC03 ;  but  more 
usually  it  consists  of  PbOH20,2PbC03.  On  unrolling  the  coils, 
the  carbonate  breaks  off  in  flakes  of  a  dead-white  colour,  furnish- 
ing the  kind  of  white  lead  most  approved  by  artists  and  colour- 
men.  Before  it  is  fitted  for  their  use,  it  is  subjected  to  the  pro- 
cesses of  grinding  and  levigation,  by  which  it  is  reduced  to  an 
impalpable  powder.  Although  this  pulverization  is  performed 
under  water,  the  fine  particles  of  the  carbonate  become  difiused 
through  the  air,  rendering  the  operation  very  deleterious  to  the 
workmen. 

This  circumstance,  combined  with  the  length  of  time  requisite 
for  the  formation  of  the  carbonate,  induced  Th^nard  to  substitute 
for  the  foregoing  process  the  direct  decomposition  of  a  solution  of 
the  basic  plumbic  acetate,  by  means  of  a  current  of  carbonic  anhy- 
dride ;  the  carbonate  is  thus  procured  in  a  state  of  extreme  divi- 
sion, and  as  rapidly  as  can  be  desired :  it  has,  however,  less  opacity, 
or  body,  owing  to  its  being  deposited  in  exceedingly  minute  crys- 
tals, and  is  inferior  as  a  pigment  to  that  procured  by  the  Dutch 
method. 

A  third  process,  at  one  time  employed  at  Birmingham,  con- 
sisted in  exposing  litharge,  moistened  with  a  solution  of  normal 
plumbic  acetate,  to  a  current  of  impure  carbonic  anhydride,  ob- 
tained from  the  combustion  of  coke. 

Plimibic  carbonate  is  easily  decomposed  by  heat,  giving  off 
carbonic  anhydride,  and  leaving  a  residue  of  plumbic  oxide.  It 
is  insoluble  in  water,  imless  the  water  be  charged  with  carbonic 
acid  to  a  large  extent,  when  it  is  slightly  soluble.  It  is  also 
soluble  in  most  of  the  acids  with  effervescence,  and  is  likewise 
dissolved  by  solutions  of  potash  and  soda.    It  is  quickly  blackened 
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by  exposure  to  sulphuretted  hydrogen  both  in  the  form  of  gas 
and  when  in  solution  in  water.  This  liability  to  blacken  by  the 
action  of  the  gas  is  possessed  by  all  the  salts  of  lead^  in  common 
with  the  carbonate^  and  is  a  serious  objection  to  the  use  of  the 
compounds  of  lead  in  pigments. 

White  lead  is  often  fraudulently  mixed  with  a  considerable 
quantity  of  baric  sulphate^  which  is  much  cheaper,  though  its 
whiteness  is  less  intense ;  a  small  quantity  of  indigo,  charcoal,  or 
plumbic  sulphide,  is  usually  added  to  white  lead,  in  order  to  sub- 
stitute a  bluish  tint  for  the  natural  tendency  of  the  white  towards 
yellow. 

(908)  Characters  of  the  Compounds  of  Lead. — ^The  salts 
of  lead  with  colourless  acids  are  colourless.  The  soluble  salts, 
even  when  neutral  in  composition,  redden  litmus ;  but  its  basic 
salts  have  an  alkaline  reaction.  They  have  a  sweetish  metallic 
taste  and  exert  a  poisonous  action  on  the  system.  In  cases  of 
poisoning  by  a  dose  of  the  soluble  salts  of  lead,  the  best  antidote 
is  magnesic  or  sodic  sulphate,  which,  by  double  decomposition, 
forms  the  insoluble  and  inert  plumbic  sulphate.  This,  however, 
is  of  no  avail  in  the  more  usual  forms  of  lead  poisoning,  in  which 
the  metal  is  introduced  in  minute  quantities,  unintentionally,  in 
water,  or  in  articles  of  diet. 

The  best  tests  for  lead  are  the  formation  of  a  white  insoluble 
sulphate  when  sulphuric  acid  or  any  of  the  soluble  sulphates  are 
added  to  its  solutions;  this  precipitate  is  insoluble  in  potassic 
cyanide  and  in  acetic  acid,  but  slightly  soluble  in  nitric  acid, 
more  readily  soluble  in  excess  of  caustic  potash,  freely  soluble  in 
ammonic  acetate;  a  black  sulphide  with  sulphuretted  hydrogen 
and  with  ammomc  hydrosulphide^  insoluble  in  excess  of  the  pre- 
cipitant and  in  solutions  of  the  alkalies ;  a  yellow  ehromate  with 
potassic  ehromate ;  and  a  yellow  iodide  Yf'xXh potassic  iodide.  Hydro* 
chloric  acid  and  the  soluble  chlorides  give  in  moderately  diluted 
solutions  of  lead,  a  white  crystalline  precipitate  of  plumbic  chlo- 
ride, readily  soluble  in  excess  of  potash.  Caustic  potash  gives  a 
white  precipitate  of  the  hydrated  oxide,  which  is  redissolved  in 
an  excess  of  the  fixed  alkalies,  but  is  nearly  insoluble  in  ammonia. 
Potassic  or  sodic  carbonate  gives  a  dense  white  precipitate  of  white 
lead,  which  is  insoluble  in  excess  of  the  precipitant.  Many  other 
insoluble  white  salts  may  be  formed,  as  the  phosphate,  arseniate, 
the  ferrocyanide,  and  the  cyanide :  the  latter  is  insoluble  in  excess 
of  potassic  cyanide,  but  soluble  in  diluted  nitric  acid.  All  the 
insoluble  salts  of  lead  are  soluble  in  a  solution  of  caustic  potash. 
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Lead  has  a  remarkable  tendency  to  form  basic  mitSy  bot  Ak 
number  of  its  double  salts  is  not  great.  From  the  insrinlilitT 
of  many  of  its  organic  compowids^  it  has  been  much  used  to  deto^ 
mine  the  combining  proportion  of  organic  bodies.  It  is,  howefor, 
more  advantageous  to  employ  silver  for  this  purpose^  beone 
plumbic  oxide  is  to  a  small  extent  volatile. 

Lead^  like  most  other  metals  of  comparatively  weak  attrsctioD 
for  oxygen^  is  easily  precipitated  from  its  solutions  in  the  meUlEc 
statCj  by  the  metak  more  oxidizable  than  itself :  if,  for  instaaoe, 
a  piece  of  zinc  be  suspended  in  a  solution  containing  a  compound 
of  lead^  such  as  plumbic  acetate^  crystals  of  lead  are  deposited  in 
a  beautiful  arborescent  form. 

Before  the  blowpipe  on  charcoal  the  salts  of  lead  yield  a  soft 
white  malleable  bead  of  the  metal^  surrounded  by  a  yellow  ring 
of  oxide. 

(909)  Estimation  of  Lead, — Lead  is  generally  estimated  in 
the  form  of  the  sulphate^  which  contains  68*3 1  per  cent,  of  the 
metal.  More  rarely  it  is  determined  from  the  protoxide,  of  wbich 
100  parts  correspond  to  92*82  of  lead :  porcelain  crucibles  must 
be  employed  for  these  experiments^  since  plumbic  oxide  is  easflj 
reduced  to  the  metallic  state,  in  which  case  it  would  form  an  alloj 
with  platinum,  and  would  ruin  a  crucible  composed  of  this  metal. 

Lead  may  be  separated  by  means  of  sulphuric  acid  from  all 
the  metals,  except  its  iusoluble   combinations  with  the  metallic 
acids.     The  following  is  the  method  to  be  adopted : — If  a  galena 
or  an  alloy  of  lead  is  to  be  analysed,  it  shoidd  be  treated  with 
concentrated   nitric  acid  until  it  is  completely  decomposed,  and 
then  evaporated  nearly  to  dryness  with  a  small  excess  of  sulphuric 
acid ;  the  nitric  acid  is  thus  expelled,  and  the  metals  are  converted 
into  sulphates ;  the  mass  is  treated  with  water,  which  dissolves  out 
all  the   metals  except  lead,  tin,  and  antimony :  quartz  and  inso- 
luble silicates,  as  well  as  baric  sulphate,  if  present,  would  abo  be 
contained  in  this  insoluble  portion.    The  insoluble  residue  is  col- 
lected and  weighed,  and  then  digested  repeatedly  in  a  solution  of 
ammonic  acetate  of  sp.  gr.  1*065  >    after  which  the   residue  is 
again  washed,  dried,  and  weighed :  the  difference  indicates  the 
proportion  of  plumbic  sulphate,  which  is  dissolved  out  fit>m  the 
oxides  of  antimony  and  tin,  and  from  the  quartz  and  baric  sul- 
phate.   The  lead  may  be  obtained  from  its  solution  in  the  amnio- 
nic  acetate  by  the   addition  of   ammonic  hydrosulphide  :    and 
the  plumbic  sulphide  thus  precipitated  may  be  converted  into  sul- 
phate by  means  of  a  mixture  of  nitric  and  sulphuric  acids.     It  is 
evaporated  down  to  dryness,  dried,  ignited,  and  weighed. 
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The  salts  of  lead  with  the  metallic  acids  may  be  decomposed 
by  fusing  them  with  a  mixture  of  caustic  potash  and  potassic  car- 
bonate :  the  metallic  acid  forms  a  salt  with  potassium^  and  may 
be  dissolved  by  the  addition  of  water^  whilst  a  portion  of  plumbic 
oxide  is  left. 

§  III.  Thallium:  T1=204.     Sp.  Gr.  ii'Si  to  ii'9i;  Fusing^ 
paint,  561°  (294°  C.) ;  usually  Monad,  as  in  TlCl ;  some- 

times  Triad,  as  in  TlCl,. 

(910)  This  metal  was  discovered  by  Crookes  in  1861  {Phil. 
Mag.  TV.  xxi.  p.  301)^  as  he  was  examining  the  spectrum  reac- 
tions of  a  seleniferous  deposit  from  the  sulphuric  acid  manufac- 
tory of  Tilkerode  in  the  Hartz ;  and  in  the  following  year  it  was 
obtained  more  abundantly  from  a  similar  source  in  Belgium  by 
Lamy^  to  whose  paper  {Ann.  de  Chimie,  III.  Ixvii.  385)  the  reader 
is  referred  for  details,  and  to  those  of  Crookes,  Phil.  Trans.  1863, 
and  Joum.  Chem.  Soc.  1864,  p.  112. 

The  first  indication  of  its  presence  was  furnished  by  the  occur- 
rence of  a  single  brilliant  green  line  nearly  coincident  with  one 
of  the  inconspicuous  lines  of  the  barium  spectrum,  Ba  8  (p.  180, 
part  I.  fig.  83  Tl  a).  This  green  colour  suggested  to  Crookes  the 
name  of  thallium  (from  OaXXo^,  a  budding  twig).  In  the  secondary 
current  of  an  induction-coil,  additional  lines  make  their  appearance 
{Proceed.  Roy.  Soc.  1863,  xii.  407). 

Thallium  occurs  but  sparingly,  and  has  hitherto  been  prin- 
cipally obtained  from  the  Spanish,  Belgian,  and  Bolivian  pyrites. 
Its  compounds  have  been  met  with  by  Bunsen  in  the  mother-liquor 
of  a  spring  ftom  the  Hartz,  as  well  as  in  some  other  mineral  waters, 
and  particidarly  in  that  of  Nauheim,  in  the  mother-liquor  of  which 
Bottger  found  it  associated  with  chlorides  of  csesium  and  rubidium. 
Schrotter  has  also  found  it  in  a  mica  from  Zinnwald  and  in 
certain  samples  of  lepidolite. 

Pure  thallium  is  a  heavy  diamagnetic  metal,  having  a  strong 
resemblance  to  lead  in  physical  properties,  though  its  specific 
gravity  is  a  little  higher.  The  specific  heat  of  thallium  is 
0*03355,  B^gnault  (or  0*0325,  Lamy),  hence  the  metal,  as  its 
compounds  show,  is  of  the  same  class  with  silver,  which  it  in 
some  of  its  reactions  resembles  :  like  silver  and  the  metals  of  the 
alkalies,  it  is  a  monad  element.  Its  atomic  volume  is  17* 2.  The 
freshly  cut  surface  of  thallium  has  a  bluish-white  lustre,  re- 
sembling that  of  zinc,  but  it  tarnishes  quickly  by  exposure  to  the 
air,  and  a  thin  film  of  oxide  is  formed.  It  is  sufficiently  soft  to 
take  impressions  from  the  nail ;  it  may  be  hammered  into  foil^ 
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and  pressed  into  wire,  though  its  tenacity  is  small.  If  rubbed 
upon  paper  it  leaves  a  bluish  trace  resembling  that  produced  by 
lead,  but  the  streak  soon  oxidizes  and  becomes  yellowish.  It 
melts  at  561°  (293°*9  C. ;  Crookes),  554^  (^90°  C. ;  Lamy),  oxi- 
dizes rapidly  in  the  air,  and  if  heated  to  about  598°  (315^  C.)  in 
oxygen  it  takes  fire  and  bums  with  an  intense  pure  green  light. 
The  metal  does  not  appear  to  be  sensibly  volatile  below  a  red  heat. 
If  heated  with  chlorine  it  bums  vigorously  in  the  gas,  and  it  also 
combines  directly  with  bromine,  with  iodine,  with  sulphur,  and 
with  phosphorus.  Nitric  acid  attacks  thallium  with  great  energy ; 
diluted  sulphuric  acid  also  dissolves  it  quickly  with  evolution  of 
hydrogen ;  but  the  action  of  hydrochloric  acid,  even  when  boiled 
upon  it,  is  but  slow,  owing  to  the  insolubility  of  the  chloride.  The 
tarnished  metal  becomes  bright  when  plunged  into  water,  owing 
to  the  solubility  of  the  oxide ;  but  the  metal  may  be  preserved  in 
water  unaltered.  Thallium  may  be  easily  alloyed  with  most  of  the 
metals,  and  particularly  with  zinc,  lead,  antimony,  tin,  copper, 
silver,  and  platinum. 

The  easiest  mode  of  extracting  the  metal  consists  in  treating 
the  thalliferous  dust  deposited  in  the  flues  of  the  sidphuric  acid 
works  before  they  enter  the  chamber,  with  an  equal  weight  of  boil- 
ing water,  drawing  off  the  clear  liquor,  and  treating  the  undissolved 
portion  again  in  like  manner.  The  clear  liquors  are  next  mixed 
with  a  large  excess  of  strong  hydrochloric  acid,  by  which  a  precipi- 
tate of  impure  thallious  chloride  is  obtained.  This  is  then  washed, 
pressed,  and  decomposed  by  heating  it  with  an  equal  weight  of 
concentrated  sulphuric  acid.  The  acid  thallious  sulphate  thus 
formed  is  dissolved  in  about  20  parts  of  water,  filtered,  and  again 
precipitated  as  tolerably  pure  chloride  by  the  addition  of  hydro- 
chloric acid  in  excess.  This  precipitate  is  washed,  pressed,  and 
again  converted  into  sulphate,  by  adding  about  two-thirds  of  iti 
weight  of  oil  of  vitriol  and  heating  till  all  the  hydrochloric  acid 
is  expelled ;  a  dense  liquid  is  thus  obtained,  which  as  it  cools 
solidifies  to  a  white  mass  of  acid  thallious  sulphate.  This  is  dis- 
solved in  about  ten  times  its  weight  of  hot  water,  filtered,  and 
allowed  to  crystallize.  It  may  be  purified  by  recrystallization,  and 
if  the  solution  be  decomposed  by  metallic  zinc,  or  by  the  voltaic 
battery,  pure  thallium  is  abimdantly  and  easily  obtained.  It  may  be 
melted  in  an  iron  crucible  heated  over  a  gas  flame,  maintaining 
a  current  of  coal-gas  through  the  crucible  to  prevent  oxidation. 

(911)  Oxides  of  Thallium. — Thallium  appears  to  form  three 
oxides — a  suboxide  of  unknown  composition;  an  oxide  corre- 
sponding to  the  principal  oxide  of  silver,  TlgO ;  and  a  supeiioc 
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brown  oxide^  possibly  Tl^O^^  formed  at  the  positive  electrode  during 
electrolysis  of  thallious  sulphate  by  a  weak  current. 

The  most  important  of  these  is  thaUiotis  oxide,  Tl^O  ;  this  is 
very  soluble  in  water^  furnishing  an  alkaline  caustic  solution  which 
absorbs  carbonic  acid  from  the  air.  The  solution  is  colourless^ 
and  by  evaporation  in  vacuo  furnishes  groups  of  pale-yellow, 
hydrated  prismatic  needles,  which  blacken  as  the  evaporation 
proceeds;  when  heated  to  about  598^  (315°  C.)  it 'becomes  anhy- 
drous and  fuses  to  a  brown  liquid  which  becomes  yellow  on  cool- 
ing. A  solution  of  thallious  oxide  causes  a  precipitate  in  solu- 
tions of  salts  of  magnesium,  manganese,  zinc,  lead,  iron,  and  many 
other  metals,  but  does  not  redissolve  the  precipitate  even  if  the 
thallious  oxide  be  in  excess. 

Dithallious  sulphide^  or  Sulphide  of  thallium  (Tl^S)  may  be 
obtained  as  a  brownish-black  curdy  precipitate,  by  adding  ammo- 
nic  hydrosulphide  to  the  soluble  thallious  salts.  The  precipitate 
is  not  soluble  in  excess  of  the  alkaline  sulphides.  Thallious  acetate 
and  oxalate  in  neutral  solutions  are  precipitated  by  sulphuretted 
hydrogen. 

Thallious  chloride  (TlCl)  is  a  yellowish-white  sparingly  soluble 
compound,  less  soluble  in  hydrochloric  acid  than  in  water,  sparingly 
soluble  in  ammonia.  Lamy  also  describes  three  other  chlorides, 
TljCl,  and  TlCly  and  one  with  still  more  chlorine,  possibly  TlCl,. 
The  proiiodide  and  bromide  are  yellow  and  sparingly  soluble. 

TfuUlious  sulphate,  or  Sulphate  of  thallium  (Tl^SO  J  is  a  soluble 
salt  crystallizing  in  anhydrous  six-sided  prisms  which  are  easil]^ 
fusible.  With  aluminic  sulphate  it  furnishes  an  octohedral  alum. 
An  acid  thallious  sulphate  exists. 

ThaUious  nitrate  (TINO3)  crystallizes  in  anhydrous  prismatic 
needles  which  melt  easily  :  they  are  insoluble  in  alcohol.  It  is 
readily  obtained  by  dissolving  the  metal  in  nitnc  acid. 

Thallious  carbonate  (TI3CO3)  furnishes  long  flattened  prismatic 
needles,  which  require  about  25  parts  of  cold  water  for  solution. 
It  is  easily  fusible. 

The  phosphate  is  sparingly  soluble  and  is  fusible. 

(912)  The  thallious  salts  are  poisonous  when  taken  internally. 
They  are  nearly  colourless,  when  formed  with  colourless  acids : 
solutions  of  the  salts  of  thallium  are  easily  decomposed  by  a  feeble 
electric  current,  with  deposition  of  plates  of  the  metal  upon  the 
negative  electrode.  Metallic  zinc  also  precipitates  finely  divided 
metallic  thallium,  but  tin  does  not  reduce  the  metal. 

No  precipitate  is  produced  in  solutions  of  the  thallious  sul- 
phate or  nitrate  by  the  hydrated  alkalies ;  the  carbonates  give  a 
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precipitate  only  in  concentrated  solutions.  Sulpkureiied  hydrogen 
gives  but  little  precipitate  in  solutions  of  thallious  nitrate^  chlo- 
ride, or  sulphate.  Ammonic  hydrostUphide  gives  a  brownish- 
black  precipitate  insoluble  in  the  sulphides  of  the  alkali-metals. 
Chlorides  and  bromides  give  yellowish-white  sparingly  soluble 
precipitates ;  the  iodides  give  a  reddish-yellow  precipitate ;  potas- 
sic  cyanide,  a  white  precipitate  soluble  in  excess  of  the  precipi- 
tant; potassic  chromate,  a  pale  yellow  precipitate  soluble  in 
diluted  adds,  insoluble  in  ammonia.  With  platimc  chloride  it 
forms  a  sparingly  soluble  double  salt  (TlCl^^PtClJ. 

(912  a)  Indium. — In  a  particular  variety  of  zinc  blende  found 
at  Freiberg,  Reich  and  Richter  ascertained  the  existence  of  a 
substance  which,  when  introduced  into  the  Bunsen  gas-flame 
and  viewed  by  the  spectroscope,  discloses  two  bright  lines  in  the 
blue  and  indigo,  not  coincident  with  those  of  any  other  known 
body.  One  of  these  lines  is  rather  more  refrangible  than  the 
blue  line  of  strontium,  the  other  feebler  line  is  near  the  violet 
line  of  potassium,  but  is  less  refrangible  than  it.  These  reactions 
suggested  the  name  of  indium  for  the  new  body.  It  is  a  white 
malleable  metal,  of  sp.  gr.  about  7*36,  easily  fusible,  slowly  solu- 
ble with  evolution  of  hydrogen  in  hydrochloric  acid.  Its  oxide 
is  white  and  earthy-looking,  insoluble  in  solutions  of  ammonia 
or  potash,  and  not  precipitated  by  sulphuretted  hydrogen  fit)in 
acid  solutions.  Solutions  of  its  salts  give  a  white  precipitate 
with  potassic  ferrocyanide,  but  none  with  the  ferricyanide. 

Metallic  indium  may  be  precipitated  from  solutions  of  iti 
salts  by  means  of  zinc ;  and  it  is  thrown  down  slowly  as  oxide  or 
as  carbonate  by  adding  baric  carbonate  to  its  solutions.  Indie 
sulphate  yields  a  basic  sulphate  of  the  metal  when  boiled  with  t 
solution  of  sodic  acetate.  Indium  appears  to  have  close  relations 
with  cadmium. 

Indie  oxide  is  readily  reduced  when  heated  in  a  current  of 
hydrogen,  in  which  it  undergoes  partial  volatilization.  Solution 
of  indie  acetate  is  completely  decomposed  by  sulphuretted  hydro- 
gen, furnishing  a  yellow  sulphide  of  indium  soluble  in  hydrochloric 
and  in  sulphuric  acid.  Hydrated  oxide  of  the  metal  remains 
white  when  digested  in  ammonic  hydrosulphide,  and  is  not  dis- 
solved by  it.  The  chloride  is  white,  volatilizable,  and  deliques* 
cent.  If  the  metal  be  a  monad  its  atomic  weight  is  about 
36 ;   if  a  dyad,  72. 
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CHAPTER  XIX. 


OBOUP  Till. — THE    NOBLE    METALS. 

(913)  In  the  group  of  metals  with  which  we  conclude^  there 
is  a  less  intimate  natural  relationship  than  in  any  of  the  pre- 
ceding ones.  We  have^  for  instance^  in  silver  a  monad  element, 
in  mercury  a  dyad,  in  gold  a  triad,  and  in  platinum  a  tetrad 
element ;  whilst  the  relations  of  the  remaining  metals  have  been 
but  incompletely  ascertained. 

It  is,  notwithstanding,  convenient  for  the  present  to  group 
them  together.  The  following  table  shows  in  one  view,  some  of 
the  most  important  numerical  constants  hitherto  ascertained  of 
the  metals  enumerated  in  this  division : — 


MeUls. 

8tiii> 
bol. 

Atomic 
weight. 

Atomio 

TOl. 

Speoiflo 
best. 

Fusing 

X ' 

«>0. 

point. 
*»F. 

Speeifio 
grftfity. 

Eleotrio 

conduo- 

tiri^ 

•toPC. 

Mercury 
Silver 
Gold 

Platinum     ... 
PalUdimm  ... 
Rhodium     ... 
Ruthenium... 
Osmium 
Iridium 

Au 
Ft 
Pd 
Bo 
Bu 
Os 
Ir 

200-0 
108-0 
196-7 
197-1 
100-5 

1043 
104-2 

199*0 

197*1 

14*56 
10*04 

J  004 

9*12 

9-12 

9-ia 

9-12 

9*12 

9*12 

00319 
00570 
00324 
0*0324 

0-0593 
0*0580 

0-0306 
0*0326 

-38.8 
1022*8 
II02'2 

--37'9 

1873 

2016 

13-56 
1053 
19*34 

l\¥ 

12*1 

11*4 

21*4 

21*15 

r63» 

100*00 
77*96 

io-53t 
1264J 

§  I.  MsBcuBT*.  (Hg=3oo).     S^.  Or.  at  liquid  at  o^  C,  13*596; 

as  vapour^  6*9.76;    Monad  in  Mereurous   salts,  as  HgCl; 

Dyad  in  Mercuric  salts,  as  HgCl^;  ReL  wt.  100;  Melting^ 

P^'  -37''-9  (-SS'^'S  C.) ;    Boiling^pt.  662""  (350*^  C.) ; 

AtofMC  and  Mol  Vol.  \    \    [.§ 


(914)  Mebcuby  {hydrargyrum,  from  vStup,  apyvpop,  '  liquid 
silver,'  or  Quicksilver)  is  one  of  the  metals  which  have  been  longest 
known;  it  is  foimd  in  but  few  localities,  and  occurs  most  fre- 
quently in  the  form  of  the  sulphide  (cinnabar),  usually  accom- 
panied by  small  quantities  of  the  metal  in  its  native  state. 
Occasionally  it  is  met  with  combined  as  an  amalgam  with  silver, 


•  At  ai'^S  C.  t  At  2o''-7.  J  At  i7«*2. 

§  The  molecule  of  the  vapour  of  mercury  contains  only  i  atom  of  the  metal 
Hg,  like  lino,  cadmium,  and  other  metallic  dyads. 
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Bometimea  as  cUoride  in  the  form  of  calomel,  and  more  rarely  ia 
tliat  of  iodine.  Geaerallf  speaking,  its  ores  are  found  in  clay- 
slate,  or  in  the  red  sandstone  underlying  the  coal,  and  not  anfiv- 
quently  among  the  coal-measures  themselves.  The  most  produc- 
tive mines  are  those  of  Almaden,  in  Spain ;  very  extensive  and 
valuable  deposits  of  cinnabar  have  likewise  lately  been  found  in 
California;  and  the  mines  of  Idria,  in  Transylvania,  have  long 
been  extensively  worked.  Considerable  quuitities  are  likewise 
raised  in  China  and  Japan,  and  from  the  mine  of  Hnancavelica, 
in  Peru. 

Extraction. — ^The  metal  may  be  obtained  from  its  ore  either 
by  buroing  off  the  sulphur  and  distilling  the  mercury, — a  process 
which  is  applicable  both  to  cinnabar  and  to  the  native  metal ; 
or  by  heating  the  cinnabar  with  some  substance  capable  of  com- 
bining with  the  sulphur,  and  forming  a  fixed  compound,  from 
which  the  mercury  is  separated  by  heat. 

At  Almaden,  the  metal  ia  extracted  bj  the  fint  prooeai.  The  ore  emplojad 
yields  iibont  lO  per  cent,  of  mercurj.      Fig.  363  show*  a  aectioo  of  the  fornice 

Fi3.  365. 


made  use  of : — each  furnace  contaim  two  gratM ;  and  on  the  lower  one,  a,  pio- 
vided  with  a  chimney,  >,  a  fire  of  bnubwood  is  kindled ;  the  npper  grating  i* 
formed  bj  a  brisk  arch,  b,  perforated  with  nnmeroni  apertures;  on  thia  arch  tha 
anlphide  reata,  the  poorer  piece*  of  ore  being  placed  at  the  hottam.  The  bnub- 
wood qaickly  kindles  the  sulphur  in  the  ore,  which  afterwards  b;  ita  oombnstioD 
maintains  sufficient  heat  to  continue  the  operation  without  the  nae  of  anj  otbm 
fuel;  Bulphurona  auhjdride  is  formed,  and  the  liberated  mercnrj  diatila,  and  ii 
condenaed  in  wide  earthen  pipea,  d,  d,  oonnectod  with  the  npper  aperture,  e,  vl 
the  fnmaces  j  these  pipea  are  termed  aludelt.  The  alndel*  are  aupported  (n  * 
douhl;  inclined  plane  of  maionry ;  at  the  lowest  point  a  perforation  ia  made,  ta 
allow  of  the  escape  of  the  mercury  into  a  brick  channel,  0,  through  whioh  it  roat 
into  a  well;  the  further  end,^  of  the  aludeli  opens  into  a  condannng  diamber, 
in  which  an  additional  qnantjty  of  mcKury  ia  deposited  in  the  troagh,  5 1  tbt 
•ujpharoiis  anbydndo  ««a^  into  the  air,  throngk  the  chima«j,  i,     " 
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ible  waste  of  metal  in  incurred  during  this  process,  from  the  incomplete  manner 
in  which  the  condensation  is  effected.  Iron  pipes,  however,  cannot  be  substituted 
br  the  earthen  ones,  as  they  become  corroded  rapidly  by  the  add  vapours  pro- 
laoed  in  the  operation. 

At  Idria  the  process  of  the  extraction  is  the  same  in  principle  as  at  Almaden^ 
vat  the  condensation  is  effected  more  completely  by  tnmsmitting  the  mercurial 
rapours  through  a  succession  of  chambers  of  masonry,  instead  of  through  aludeb. 

Another  plan  wliich  is  practised  in  the  Palatinate  consists  in 
mixing  the  sulphide  with  slaked  lime,  and  conducting  the  distil* 
lation  in  cast-iron  furnaces  and  retorts.  The  mercury  is  con- 
densed in  receivers  partly  filled  with  water^  while  calcic  sulphide 
and  sulphate  remain  behind  in  the  retort :  4HgS  +  4CaO=4Hg  + 
3CaS  +  CaSO^.  Iron  filings  also  decompose  cinnabar  when  heated 
with  it,  ferrous  sulphide  being  formed  while  mercury  is  liberated. 
Experience  has  shown  that  unless  the  ore  contain  at  least  Tii^  of 
its  weight  of  the  metal,  or  3*8  lb.  per  ton,  it  is  too  poor  to  be  ad* 
trantageously  worked  by  the  methods  at  present  in  use. 

Purification. — If  the  ore  contain  any  admixture  of  zinc  and 
bismuth,  small  portions  of  these  metals  are  liable  to  be  distilled 
over  with  the  mercury.  In  this  case  a  film  forms  upon  the  sur- 
face of  the  fluid  metal  when  it  is  agitated  in  contact  with  air. 
The  purity  of  the  product  is  easily  seen  by  the  absence  of  this 
film,  and  by  the  perfect  mobility  and  sphericity  of  the  globules, 
which  do  not  wet  the  surface  of  non-metallic  objects.  Violette 
finds  that  the  distillation  of  mercury  on  the  large  scale  is  much 
facilitated  by  transmitting  a  current  of  superheated  steam  at  about 
700®  (371*^  C),  through  the  retort  in  which  the  distillation  is  being 
eflbcted.  A  small  quantity  of  mercury  may  be  speedily  purified 
by  placing  it  in  a  bottle,  with  a  little  finely-powdered  loaf-sugar ; 
the  mercury  should  not  occupy  more  than  one-fourth  of  the 
capacity  of  the  bottle :  the  bottle  is  then  closed,  and  briskly  agi- 
tated for  a  few  minutes ;  after  which  the  stopper  is  withdrawn, 
and  firesh  air  is  blown  into  the  bottle  with  a  pair  of  bellows,  and 
the  agitation  is  repeated ;  this  is  done  three  or  four  times,  and 
the  mercury  is  then  poured  into  a  cone  of  smooth  writing-paper 
in  the  i^ex  of  which  a  pin-hole  is  made ;  the  metal  runs  through, 
and  leaves  the  powdered  sugar  mixed  with  the  oxides  of  the  foreign 
metals,  and  a  considerable  quantity  of  finely  divided  mercury. 

Generally  speaking,  the  mercury  imported  into  this  country  is 
almost  chemically  pure.  Any  foreign  metals  which  may  be  present 
in  it  may  be  removed  by  digesting  it  for  some  days  with  diluted 
nitric  acid  in  the  cold :  the  mercury  should  be  placed  in  a  shallow 
dish,  so  as  to  expose  a  large  surface  to  the  acid,  and  it  should  be 
frequently  agitated ;  the  acid  exerts  but  little  action  on  the  mer- 
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CTiiy  80  long  aft  any  more  oxidizable  metals  are  present.  A  solu- 
tion of  mercuric  nitrate  may  be  substituted  for  the  nitric  acid  with 
advantage ;  in  this  case  the  mercury  is  deposited  £rom  the  solution 
and  takes  the  place  of  the  other  metals,  which  are  dissolyed. 

(915)  Properties. — Mercury  possesses  a  lustre  resembling  that 
of  polished  silver.  It  is  the  only  metal  that  is  fluid  at  comimon 
temperatures.  It  freezes  at  —3  7®' 9  (-38°- 8  C),  and  contracts 
considerably  at  the  moment  of  congelation,  when  it  crystallines  in 
octohedra,  of  sp.  gr.  about  14 :  in  this  state  it  is  malleable.  When 
heated  to  662^  (350^  (>•)  it  boils,  and  forms  an  invisible,  trans- 
parent vapour,  of  sp.  gr.  6*976.  The  metal,  at  all  temperatures 
above  41^  (5^  C),  undergoes  slight  spontaneous  evaporation. 
Its  specific  gravity  at  60°  (i5°'5  C),  is  13*56.  When  pure,  it  is 
not  tarnished  by  exposure  to  air  and  moisture  at  ordinary  tem- 
peratures, but  if  heated  to  about  700°  (371®  C.)  or  8c»®  (426°  C.) 
it  absorbs  oxygen,  and  is  gradually  converted  into  the  red  oxide. 
Mercury  enters  into  combination  with  chlorine,  bromine,  and 
with  many  of  the  metab  at  ordinary  temperatures.  It  abo  unites 
with  sulphur  and  with  iodine  without  the  aid  of  heat,  if  triturated 
with  them.  Hydrochloric  acid  is  without  action  upon  the  metal, 
either  when  cold  or  hot.  Hydriodic  acid  and  sulphuretted 
hydrogen  are  decomposed  slowly  by  it,  with  evolution  of  hydrogen. 
Concentrated  sulphuric  acid  in  the  cold  produces  no  change,  but 
when  heated  with  it  is  decomposed ;  sulphurous  anhydride  being 
evolved,  while  the  mercury  is  oxidized,  and  forms  a  sulphate  by 
reaction  with  a  portion  of  undecomposed  acid.  Strong  nitric 
acid  dissolves  it  with  rapidity,  extricating  nitric  oxide  in  abun<* 
dance,  while  mercuric  nitrate  is  formed.  If  the  acid  be  dilute, 
and  the  metal  in  excess,  the  mercury  is  dissolved  slowly,  and  at 
ordinary  temperatures  mercurous  nitrate  is  the  result.  Mercury 
may  be  obtained  in  a  state  of  extreme  division,  by  precipitating 
a  solution  of  corrosive  sublimate,  by  means  of  the  solution  of 
stannous  chloride :  the  stannous  salt,  if  added  in  sufficient  quan- 
tity, absorbs  all  the  chlorine,  and  a  grey  metallic  powder  subsddes; 
HgCl,  -f  SnCl, = Hg + SnC  V 

Uses. — Mercury  is  employed  extensively  in  the  extraction  of 
gold  and  silver  from  their  ores  by  the  process  of  amalgamation ; 
great  quantities  are  annually  sent  to  South  America  for  this  pur- 
pose. Its  amalgams  are  largely  employed  in  the  processes  of  sil- 
vering and  gilding.  Mercury  also  combines  readily  with  lead, 
copper,  bismuth,  tin,  and  zinc,  forming  amalgams  which  are  easily 
dissolved  by  an  excess  of  mercury.  Joule  succeeded  in  many 
cases  in  obtaining  definite'  compounds  of  various  metals  with 
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cnry^  by  subjecting  their  semi-solid  amalgams  to  hydraulic  pres- 
sure^ amounting  to  the  enormous  extent  of  60  tons  upon  the 
square  inch :  with  platinum  i  atom  was  united  with  2  atoms  of 
mercury.  With  silver^  with  copper^  and  with  iron,  the  amalgams 
contained  i  atom  of  each  metal:  with  zinc  and  with  lead  the 
amalgam  in  each  case  contained  i  atom  of  mercury  with  2  atoms 
of  the  other  metals,  while  the  amalgam  of  tin  was  represented  by 
the  formula  Sn^Hg. 

Mercury  is  also  used  in  the  preparation  of  vermilion,  which 
is  highly  valued  as  a  pigmeot,  for  the  purity  and  permanence  of 
its  tint.  It  is  indispensable  in  the  construction  of  philosophical 
instruments ;  and  it  is  well  known  in  various  forms  as  a  valuable 
medicine.  It  exerts  a  powerful  action  upon  the  animal  economy, 
producing  salivation,  and  seriously  impairing  the  health  of  the 
workmen  exposed  to  its  vapours,  giving  rise  to  a  remarkable 
tremulous  state,  known  as  mercurial  pahy,  consequent  upon  a 
peculiar  form  of  nervous  debility.  By  trituration  with  saccharine 
or  oleaginous  substances,  it  admits  of  being  minutely  subdivided, 
and  a  small  portion  of  it  becomes  oxidized,  to  which  the  active  pro- 
perties of  blue-pill  appear  to  be  owing ;  the  same  remark  applies 
to  the  mercurial  ointment,  and  the  pulvis  hydrargyri  cum  creid. 

(916)  Oxides  of  Mercubt. — Mercury  forms  two  oxides,  the 
black  suboxide,  Hg^O,  and  the  red  oxide,  HgO  :  both  of  them  form 
salts  with  acids. 

Mercurous  oxide,  or  Suboxide  of  mercury  (Hg20=4i6) ;  Sp, 
Gr,  io*68;  Comp.  in  100  parts,  Hg,  96' 15;  O,  3*85. — This  oxide, 
though  a  powerful  saline  base,  is  very  unstable  when  isolated.  It 
is  best  procured  by  triturating  finely  levigated  calomel  with  a 
solution  of  potash  or  of  soda,  and  washing  the  black  precipitate 
thus  obtained  with  cold  water.  It  must  be  allowed  to  dry  spon- 
taneously in  a  dark  place :  the  oxide  so  obtained  is  anhydrous ; 
even  when  dry,  mere  exposure  to  light,  or  a  very  gentle  heat,  is 
sufficient  to  convert  it  into  a  mixture  of  red  oxide  and  the  metal. 

(917)  Mercuric  oxide,  Nitric  oxide  or  Red  oxide  of  mercury 
(HgO=ai6);  Sp.  Gr.  ii'39;  Comp.  in  100  parts,  Hg,  92*59; 
O,  7*41. — ^This  oxide  may  be  obtained  in  red  scales  by  heating  me- 
tallic mercury  to  700°  or  800°  (371°  or  426°  C.)  in  a  matrass :  but 
this  process  is  very  slow,  and  not  productive :  it  is  more  conveni- 
ently prepared  by  the  decomposition  of  the  nitrate  by  heat,  and  it 
then  has  a  bright  scarlet  colour.  It  may  also  be  thrown  down  in 
the  form  of  a  yellow  powder,  when  a  solution  of  caustic  potash  or 
soda  is  added  to  a  solution  of  corrosive  sublimate,  or  of  mercuric 
nitrate.     The  precipitated  oxide  does  not  differ  in  composition 

II.  8   B 
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from  the  red  crystallized  form^  but  it  enters  more  readily  into 
combination ;  a  cold  solution  of  oxalic  acid  is  without  action  on 
the  crystallized  oxide^  but  it  converts  the  precipitated  oxide  into 
oxalate ;  and  the  yellow  oxide  when  boiled  with  a  solution  of  cor- 
rosive sublimate  is  quickly  converted  into  the  oxychloride;  but 
this  change  is  very  slow  with  the  crystallized  variety.  The  yellow 
oxide,  when  boiled  with  potassic  dichromate,  yields  a  basic  mer- 
curic chromate,  HgCrO^aHgO ;  but  the  crystallized  oxide  when 
similarly  treated  yields  a  basic  salt,  with  a  larger  excess  of  base, 
HgCrO^,3HgO  (Millon).  In  short,  the  crystallized  oxide  obtained 
by  the  direct  oxidation  of  mercury,  and  the  precipitated  oxide 
appear  to  be  in  different  allotropic  conditions. 

The  red  oxide  when  heated  becomes  nearly  black,  but  re- 
covers its  colour  on  cooling ;  when  exposed  to  a  temperature  of 
ignition,  it  is  decomposed  into  metallic  mercury  and  oxygen  gas : 
owing  to  the  volatility  of  the  metal,  this  oxide  may  sometimes  be 
usefully  employed  as  an  oxidizing  agent  in  some  analytical  opera- 
tions. This  oxide  is  slightly  soluble  in  water ;  the  solution  has 
an  acrid  taste,  and  turns  syrup  of  violets  green.  It  forms  with 
baryta  a  soluble  compound.  With  ammonia  it  produces  a  yel- 
lowish-white insoluble  compound,  the  simplest  formula  for  which 
is  (Hg^HgNOj)  j  it  is  possessed  of  strong  basic  powers  and  enters 
into  combination  with  acids,  forming  well-defined  salts. 

(918)  Mercuramine, — The  best  method  of  preparing  thiv  remarkable  bin 
consists  in  pouring  a  pure  solution  of  ammonia  upon  jellow  precipitated  mercuric 
oxide  in  a  bottle  which  admits  of  being  closed,  to  prevent  the  access  of  carbonie 
acid  from  the  air ;  the  colour  of  the  oxide  becomes  paler,  and  eTeutoally  a  yd* 
tlowish-white  amorphous  powder  is  obtained,  which,  when  washed  and  dried  in 
a  dark  place  over  quicklime,  forms  a  hydrate  of  the  new  base,  oontaining 
(Hg^H^N,0,,3H,0).  This  compound  was  discovered  by  Fourcroy  and  Th^nard, 
but  it  was  Brst  minutely  examined  by  Millon  (Ann,  de  Chimie,  III.  xviii..393). 
In  its  isolated  condition  it  is  very  unstable :  mere  exposure  to  the  light  decom* 
poses  it.  When  triturated  in  a  mortar,  it  produces  a  series  of  small  detonatioDS. 
If  dried  in  v<teuo  over  sulphuric  acid,  it  loses  2H,0 ;  and  between  212^  (100^  C) 
and  266°  (i3o°  C),  a  third  atom  of  water  is  expelled:  it  then  becomes 
dark  brown,  and  is  permanent  in  the  air,  containing  (Hg^H^N^O,).  Chemisti 
are  not  agreed  as  to  the  probable  arrangement  of  the  elements  in  this  base.  It 
resembles  some  of  the  cobalt  bases  into  the  composition  of  which  the  elements  of 
ammonia  enter.  It  may  provisionally  be  described  under  the  name  mereurawUm, 
and  contains  the  elements  of  hydrated  oxide  of  teirhj/drargammonium  (Hg^  N,0, 

5H.0). 

Mercuramine  is  a  powerful  base;  its  hydrate  (Hg^HfNiOi.jH^O)  abeorbi 
carbonic  anhydride  from  the  air  almost  as  rapidly  as  slaked  lime.  It  is  insolubls 
in  water  and  in  alcohol,  but  it  decomposes  solutions  of  the  salts  of  ammoniam 
and  combines  with  the  acid.  Definite  salts  with  sulphuric,  nitric,  oxalic,  car- 
bonic, hydrochloric,  and  various  other  acids,  have  been  formed.  On  the  additioo 
of  sodic  or  potassic  hydrate  to  the  solutions  of  these  salts,  the  hydrate  of  the  bait 
iM  precipitated.    The  fivmula  of  the  solphate  is  (Hg4H4N,0^SQ« ;  that  of  tht 


817LPHIDS8   OF  MBBCURT.  789 

flUoride  (Hgfl^fi^Cli ;  the  latter  salt  nay  be  obtained  as  a  yellow  predpitate 
by  addiDg  a  solation  of  corrosive  sublimate  to  a  solution  of  ammonia  in  excess 
and  washing  the  precipitate  with  boiling  water  (924). 

(9x9)  Sulphides  op  Mercury. — ^The  two  sulpliides  of  mer- 
cury^ Hg^S  and  HgS^  correspond  in  composition  to  the  oxides  and 
chlorides  of  the  metal. 

Mercuraus  sulphide,  or  Subsufphide  of  mercury  (HggS=432) 
is  scarcely  more  stable  than  mercurous  oxide ;  it  is  procured  by 
transmitting  a  current  of  sulphuretted  hydrogen  through  a  solu- 
tion of  a  mercurous  salt^  or  by  triturating  i6  parts  of  moistened 
sulphur  with  200  of  mercury ;  it  forms  a  black  powder,  which 
was  formerly  termed  Ethiop's  mineral.  It  is  decomposed  by 
nitric  acid ;  and  if  the  dry  sulphide  be  sublimed,  it  is  converted 
into  cinnabar  and  metallic  mercury. 

(920)  Mercuric  sulphide,  Sulphide  of  mercury,  or  Cinnabar 
(HgS  =  232);  Sp.  Gr.  cf  vapour,  5*51;  of  solid,  %%;  MoL  vol. 
I  .  \  [;*  Comp.  in  100  parts,  Hg,  86*3 1 ;  O,  1379. — ^This  com- 
pound constitutes  the  most  abundant  ore  of  mercury.  It  occurs 
sometimes  crystallized  in  hexahedral  prisms,  but  more  usually  as 
a  fibrous  or  amorphous  mass,  and  is  a  product  of  considerable 
importance  in  the  arts,  forming  the  pigment  known  under  the 
name  of  vermilion.  Some  portions  of  the  native  cinnabar  are  of 
a  suflSciently  delicate  colour  to  be  employed  after  mere  leviga- 
tion ;  but  it  is  usually  prepared  artificially.  In  Holland,  this 
manufacture  is  carried  on  to  a  considerable  extent.  The  process 
adopted  consists  in  triturating  sulphur  with  about  6  times  its 
weight  of  mercury,  aiding  the  action  by  a  gentle  heat.  The 
black  mass  thus  procured  is  thrown  (in  successive  portions,  to 
prevent  too  rapid  an  action)  into  tall  earthen  pots,  the  lower 
parts  of  which  have  been  previously  brought  to  a  red  heat ;  the 
aperture  at  top  is  closed  with  an  iron  plate,  and  in  about  32  hours 
after  the  introduction  of  the  whole  charge,  the  sublimation  is 
complete :  when  cold,  the  pots  are  broken,  and  the  cinnabar, 
which  is  found  deposited  in  layers  upon  the  upper  part,  is  care- 
fully removed ;  the  cinnabar  is  levigated  with  water,  and  the  fine 
powder  thus  obtained  is  sold  as  vermilion ;  an  excess  of  sulphur 


*  The  vapour  volame  of  this  compound  is  anomalous,  the  three  volumes  of 
vapour  having  been  united  without  condensation,  instead  of  being,  as  usual,  re- 
diioed  to  two  volumes — 

8p.Or. 

Hg         2  vols,     or    0*67         4*6 1 2 
8  I  vol.  0-33         o  737 

3  vols.  1 00         5349 

8  B  2 
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is  to  be  avoided,  as  it  impairs  the  brilliancy  of  the  colour.  Cin- 
nabar sublimes  before  undergoing  fusion,  and  forms  a  yellowish- 
brown  vapour. 

Vermilion  may  also  be  procured  in  the  wet  way,  bat  the  proceu  is  tediouft, 
and  less  certain.  The  Chinese  vermilion  is  supposed  by  some  chemista  to  be 
prepared  by  the  humid  process.  In  order  to  produce  vermilion  by  this  means, 
Firmenich  recommends  the  mercury  to  be  subjected  to  the  action  of  pure  di* 
potassio  pentasulphide  (KjS^)  in  the  following  manner: — lo  parts  of  merenzj 
are  to  be  agitated  for  3  or  4  hours,  with  2  parts  of  sulphur  and  4^  of  a  sata- 
rated  solution  of  dipotassic  pentasulphide ;  at  the  end  of  which  time  the  mixture 
becomes  of  a  dark  bro¥m  colour.  It  is  maintained  for  3  or  4  days  at  a  tempen- 
ture  of  from  1 13**  to  122°  (45°  to  50^  C.)>  with  occasional  agitation ;  it  is  not 
drained  upon  a  filter,  and  afterwards  digested  with  caustic  soda  to  remove  thi 
excess  of  sulphur ;  it  is  thus  obtained  of  a  bright  pcarlet,  and  must  then  be 
thoroughly  washed  with  cold  water  and  dried.  (Uhem.  News,  May,  1862, 
p.  247.) 

Mercuric  sulphide  is  thrown  down  as  a  black  precipitate  by 
transmitting  sulphuretted  hydrogen  through  solutions  of  the 
mercuric  salts :  when  dried  and  sublimed  in  vessels  from  which 
air  is  excluded^  it  assimies  its  ordinary  red  colour.  By  simple 
heating  it  becomes  dark  brown^  and  at  a  still  higher  temperature 
nearly  blacky  but  recovers  its  red  colour  on  cooling.  When 
heated  in  the  open  air^  the  sulphur  bums  off^  and  metallic  mer- 
cury is  liberated.  It  is  upon  this  circimistance  that  the  ordinary 
method  of  extracting  the  metal  is  foimded..  The  pure  acids  are 
nearly  without  action  upon  cinnabar^  but  it  is  oxidized  and  dis- 
solved by  a^a  regia.  The  caustic  alkalies  in  solution  do  not 
decompose  it^  but  if  ignited  with  it  in  the  dry  state^  a  sulphate 
and  sulphide  of  the  alkali  metal  are  formed^  and  metallic  mer- 
cury sublimes ;  4HgS  +  8KH0 = 4Hg  +  K^SO^ + 3K,S  +  4H,0. 
It  is  also  decomposed  if  heated  with  metals  which,  like  iron,  sine, 
and  copper,  have  a  powerful  attraction  for  sulphur.  Mercuric 
sulphide  possesses  the  property  of  uniting  with  other  metaUic 
sulphides,  and  is  slowly  soluble  in  a  solution  of  dipotassic  sulphide ; 
it  also  combines  with  the  nitrate,  the  chloride,  the  iodide,  and 
some  other  mercuric  salts,  forming  peculiar  compounds,  which  are 
produced  by  the  action  of  a  small  proportion  of  sulphuretted 
hydrogen  upon  the  solutions  of  these  salts,  and  the  production  of 
which  causes  the  first  portions  of  the  precipitate  occasioned  in 
them  by  the  gas  to  appear  white. 

{921)  Chlorides  op  Mercury. — Mercury  forms  two  chlorides, 
one  of  which,  HgCl,  is  well  known  as  calomel,  the  other,  HgClj; 
is  commonly  distinguished  as  corrosive  sublimate. 

Mercurous  chloride,  or  Calomel  (HgCl = 335-5) ;  8p.  Gr.  ^ 
vapour,  835;  of  solid,  7*  178;  Mol  vol  \    \    \;  Bel  tot.  11775; 
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Comp,  in  loo  parts^  Hg,  %4;^% ;  CI.  15*08.* — ^This  compound  may 
be  obtained  by  precipitating  a  solution  of  mercurous  nitrate^  by 
one  of  common  salt ;  but  it  is  more  usually  procured  by  sublima- 
tion :  13  parts  of  mercury  are  triturated  with  17  of  corrosive  sub- 
limate^ until  no  metallic  globides  are  visible^  the  dichloride  having 
been  previously  moistened  with  water  or  alcohol^  to  prevent  the 
acrid  particles  from  being  diffused  through  the  air^  the  mixture 
IB  then  sublimed  in  suitable  vessels,  and  the  calomel  is  deposited 
as  a  semi-transparent  fibrous  cake.  In  this  operation  the  addi- 
tional mercury  combines  with  half  the  chlorine  of  the  dichloride  : 
HgCl^-f  Hg=2HgCl.  Sometimes  the  vapours  are  sent  into  a 
capacious  chamber ;  the  deposit  then  assumes  the  form  of  a  fine 
powder.  The  salt  may  also  be  obtained  by  the  decomposition  of 
mercuric  sulphate  with  sodic  chloride.  For  this  purpose  i  kilo. 
of  mercury  may  be  converted  into  sulphate  by  boiling  it  to  dry- 
ness with  I '5  kilo,  of  sulphuric  acid ;  the  residue  is  then  to  be  inti- 
mately mixed  with  i  kilo,  more  of  mercury^  and  subsequently  tri- 
turated with  075  kilo,  of  sodic  chloride,  after  which  it  is  to  be 
sublimed.  The  mercuric  sulphate  which  is  first  obtained  is 
converted  into  mercurous  sulphate  by  the  addition  of  the  second 
portion  of  mercury,  and  this  in  its  turn  is  decomposed  into  calomel 
and  sodic  sulphate  when  heated  with  sodic  chloride : — 

Hg''S0,+  Hg=Hg'2S0,;  and 
Hg'jSO^  -f  aNaCl = Na^SO^ + aHg'Cl. 

Calomel  may  also  be  prepared  by  forming  a  saturated  solution  of 
corrosive  sublimate  in  water  at  123°  (50°  C),  and  transmitting 
sulphurous  anhydride  into  the  hot  liquid ;  calomel  is  then  pre- 
cipitated in  minute  crystals,  whilst  sulphuric  and  hydrochloric 
acids  are  liberated;  2HgCl,-|-2Hj,0-hS03=2HgCl  +  aHCl  + 
HjSO^. 

When  prepared  by  sublimation,  calomel  requires  careftd 
washing  and  levigation,  because  portions  of  the  undecomposed 
dichloride  always  sublime  with  the  calomel,  and  they  can  only  be 
removed  by  repeated  washing.  It  was  formerly  supposed  that 
the  medicinal  character  of  calomel  was  rendered  milder  by  re- 
peated sublimations.  This,  however,  has  been  found  to  be  a 
serious  mistake,  for  every  time  that  calomel  is  sublimed,  a  small 
portion  of  it  is  reconverted  into  corrosive  sublimate  and  metallic 
mercury. 

*  It  is  poAsible  that  the  formula  of  calomel,  and  of  mercurous  bromide  and 
iodide  should  be  doubled ;  but  in  that  case  their  vapour  volume  would  be  anoma- 
lous, and  would  represent  4  volumes  instead  of  2  volumes. 
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Properties, — Calomel  sublimes  in  quadrilateral  priflui  tcnE- 
nated  by  four-sided  pyramids ;  when  powdered  it  is  of  a  yeOomk- 
wbite  colour.  It  begins  to  sublime  below  redness^  and  befae 
undergoing  fusion.  Calomel  is  tasteless  and  insoluble  in  wster; 
the  alkalies  decompose  it.  Sodic  and  potaaaic  hydrates  dcooDi> 
pose  it^  whilst  mercurous  oxide  is  formed.  Lime-water  his  i 
similar  effect^  and  when  mixed  with  a  small  proportion  of  csIobkI 
it  furnishes  what  is  known  as  black  wash.  Solution  of  ammflBii 
forms  with  calomel  a  black  compoimd,  consisting  of  Hg'^H^Cl: 
this  change  is  explained  in  the  subjoined  equation ;  3HgCl+ 
2H8N=Hg2HjjNCl  +  H^NCl.  This  black  compound  may  be  le- 
gorded  as  ammonic  chloride  in  which  two  uniequivalent  atomi 
of  mercury  have  taken  the  place  of  two  atoms  of  hydrogea. 
Ammoniacal  gas  is  absorbed  by  precipitated  calomel  at  ordiDii; 
temperatures^  and  a  compound  containing  (HgH^NCl)  is  fofmedi 
ur  ammonic  chloride  in  which  one  of  the  atoms  of  hydiopn 
has  been  displaced  by  a  uniequivalent  atom  of  mercury.  Sul- 
phuric acid  is  without  action  on  calomel;  boiling  nitric  acid 
dissolves  it,  and  forms  corrosive  sublimate  and  mercuric  nitrate; 
a  solution  of  chlorine  converts  it  slowly  into  corrosive  snUimate; 
if  boiled  for  a  long  time  with  hydrochloric  acid  or  sodic  chloride, 
it  is  resolved  into  corrosive  sublimate  and  metallic  mercury :  the 
same  effect  is  produced^  but  more  rapidly,  by  boiling  it  in  a 
.solution  of  sal  ammoniac. 

(922)  Bichloride  or  bichloride  of  mercury  ;  Mercuric  cUmdif 
or  Corrosive  sublimate  (HgCl2=37i);  Sp.  Gr.  of  vapour,  9*8;  «f 


solid,  5*42;  MoL  vol.  \  '  |;  Rel.wt.  135*5;  Comp.  in  100  parts, 
Hg*  73*8 ;  CI,  26*2. — When  heated  mercury  is  placed  in  an 
atmosphere  of  chlorine  it  ignites  from  the  rapid  union  of  the  gai 
with  the  metal,  and  the  dichloride  is  formed.  It  is  prepared  od 
the  large  scale  by  mixing  intimately  2^  parts  of  mercuric  sulphate 
with  I  part  of  common  salt,  and  subliming  the  mixture  in  glaai 
vessels  at  a  carefully  regulated  heat :  sodic  sulphate  remains  in 
the  vessel,  and  the  dichloride  sublimes  as  represented  in  the  equa- 
tion; HgS04  +  2NaCl=Na3SO^-|-HgCl3.  The  fumes  are  ex- 
tremely  acrid  and  poisonous. 

Properties. — Corrosive  sublimate  fuses  at  509^  (265®  C),  and 
boils  at  563°  (295°  C.) ;  its  vapours  are  condensed  in  snow-white 
crystalline  needles,  or  in  octohedra  with  a  rectangular  base.  Am 
sold  in  the  shops,  it  occurs  in  transparent  colourless  masses, 
which  have  a  crystalline  fracture.  It  has  an  acrid  burning  taste, 
and  disgusting  metallic  flavour.  It  is  soluble  in  16  parts  of  cold 
water^  and  in  less  than  3  of  boiling  water;  on  cooling  it  ia  de- 
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posited  from  a  concentrated  solution  in  transparent  anhydrous 
quadrilateral  prisms.  Its  solution  reddeus  litmus ;  this  aqueous 
solution^  by  long  exposure  to  lights  is  gradually  decomposed^  and 
calomel  is  deposited.  Alcohol  when  cold  dissolves  nearly  one- 
third  of  its  weight  of  the  saltj  and  its  own  weight  when  boiling ; 
ether  also  dissolves  it  freely.  K  an  aqueous  solution  of  corrosive 
sublimate  be  agitated  with  ether^  almost  the  whole  of  the  salt 
will  be  abstracted  by  it  from  the  water^  and  the  ethereal  solution 
will  rise  to  the  surface.  It  is  very  soluble  in  solutions  of  the 
alkaline  chlorides^  with  which  it  enters  into  combination^  forming 
double  salts. 

With  potaMio  chloride  it  forms  three  distinct  crystallizable  compounds, 
KCl,2HgCl,.aH,0;  KCl,HgCl,,H,0;  and  2KCl,HgCl„HjO.  They  are  easily 
prepared  by  dissolving  the  salts  in  the  proper  proportions,  and  allowing  them  to 
crystallize.  With  sodic  chloride  only  one  sach  compound  is  formed,  2(NaOI,HgCl2) 
3HsO.  A  salt  with  ammonic  chloride  (6H^NCl,HgCl3 .  11,0)  has  long  been 
known  as  sal  alemhroth :  it  crystallizes  in  flattened  rhomboidal  tables. 

Similar  compounds  having  a  composition  analogous  to  that  of  the  sodium 
salt  may  be  formed  with  most  of  the  soluble  chlorides.  Calcic  and  magnesic 
ehlorides  form  more  than  one  compound.  An  analogous  but  anhydrous  salt, 
HClyHgOlj,  is  formed  by  dissolving  corrosive  sublimate  in  hot  hydrochloric  acid, 
from  which  it  crystallizes  on  cooling ;  it  is,  however,  decomposed  by  water. 

Mercuric  chloride  combines  with  the  sulphide,  and  forms  with  it  a  white  in- 
soluble gelatinous  compound,  consisting  of  2HgS,HgCl3;  it  is  the  white  pre- 
cipitate which  is  always  formed,  at  first,  on  passing  a  current  of  sulphuretted 
hydrogen  through  a  solution  of  corrosive  sublimate. 

Corrosive  sublimate  is  decomposed  by  the  hydrates  of  the 
fixed  alkalies  and  alkaline  earths^  a  chloride  of  the  alkali-metal 
and  mercuric  oxide  being  formed.  When  ammonia  is  added  to 
a  solution  of  corrosive  sublimate^  it  separates  only  half  the 
chlorine,  uniting  with  the  remainder  to  form  the  compound 
called  white  precipitate  (924).  Mercuric  chloride  acts  power- 
fully on  the  albuminous  tissues,  and  combines  with  them ;  it  is 
a  violent  and  acrid  poison.  The  best  antidote  in  cases  of  poison- 
ing with  this  substance  is  the  immediate  exhibition  of  the  whites 
of  several  raw  eggs,  as  it  coagulates  the  albumin,  and  forms  with 
it  a  sparingly  soluble  compound.  It  was  supposed  that  the 
dichloride  was  converted  into  calomel,  but  this  does  not  appear 
to  be  the  case.  Owing  to  this  action  of  the  dichloride  upon 
albumin,  corrosive  sublimate  is  a  powerful  antiseptic ;  a  solution 
of  this  salt  is  hence  often  employed  to  preserve  anatomical  pre- 
parations :  wood,  cordage,  and  canvas,  if  soaked  in  a  solution  of 
the  salt  containing  i  part  of  it  in  60  or  80  parts  of  water  become 
much  less  liable  to  decay  when  exposed  to  the  combined  action 
of  air  and  moisture. 

(923)  Oxjfchloridet, — Corrosive  sublimate  combines  with  merouric  oxide  in 
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Heveral  proportions ;  these  compounds  are  decomposed  bj  the  alUiei.  One  d 
these  is  obtained  in  the  form  of  dark  brown  insoluble  flakes  (3HgO»HgCl^wbci 
the  dichloride  is  boiled  with  mercuric  oxide.  Another,  2HgO,UgCls,  is  obtaiiel 
in  blackish  scales  by  acting  with  a  solution  of  chlorine  on  mercorie  ondt 
f  Thaulow).  The  mercuric  oxychlorides  are  hiteresting,  from  the  observatioiii  of 
Millon  upon  them,  which  seem  to  prove  the  persistence  of  the  allotropie  nofifi- 
cation  in  a  body  after  it  has  entered  into  combination.  [Amt^  de  CUmie,  JH 
xviii.  333.) 

The  three  oxychlorides  described  by  Millon  consist  of  (sHgO^HgCIs). 
(3HgO,HgCl2),  and  (4HgO,HgCl3).  They  may  all  be  prodnoed  by  the  aokkn 
of  potassic  carbonate  upon  a  solution  of  corrosive  sublimate.  The  fixvt  may  be 
obtained  in  three  different  isomeric  conditions,  the  second  in  two,  and  the  third 
in  three.  The  action  of  the  carbonates  of  the  alkali-metals  upon  solntioiis  of 
corrosive  Hublimate  is  peculiar.  The  addition  of  a  solution  of  sublimate  to  t 
solution  of  pure  normal  potassic  or  sodic  carbonate  is  attended  with  the  pndpi- 
tation  of  yellow  mercuric  oxide.  K  the  mercurial  solution  be  added  to  a  sohitioB 
of  an  alkaline  acid'carboncUe  (bicarbonate),  a  red  oxychloride  ia  formed ;  and  if 
even  a  small  quantity  of  the  acid-carbonate  of  the  alkali-metal  be  mixed  with  t 
large  proportion  of  normal  alkali  carbonate,  this  red  precipitate  is  produced  it 
first.  This  reaction  may  serve  to  distinguish  the  carbonates  from  the  aeid- 
carbonates  in  solution.  If  a  cold  saturated  solution  of  potassic  acid-carbonate  be 
added  gradually  to  8  or  10  times  its  volume  of  a  cold  saturated  eolation  of  sob* 
limate.  a  light  granular  amorphous  precipitate  of  a  bright  brick-red  ookmr  ii 
formed  (2HgO,HgCl2).  If  the  volume  of  the  solution  of  sublimate  be  only  3  or 
4  times  as  great  as  that  of  the  acid-carbonate,  a  precipitate  of  similar  compontioB 
M  formed,  but  it  is  dense,  crystalline,  and  red,  purple,  or  violet  in  coloor.  Bod 
these  moditications,  when  decomposed  by  caustic  potash,  yield  yellow  meicoie 
oxide ;  but  if  I  volume  of  the  solution  of  acid-carbonate  be  added  to  a  volana 
of  the  solution  of  sublimate,  stirring  briskly,  a  jet  black  crystalline  piedpitate  ii 
formed,  which  also  consists  of  2HgO,Hg€l2,  but  which  yields  the  red  eryttalUMe 
mercuric  oxide  when  decomposed  by  hydrated  potash. 

If  equal  volumes  of  the  solutions  be  mixed,  golden-yellow  plates,  whieb 
gradually  become  brown  or  yellowish,  are  deposited  (3HgO,HgCl2).  The  umt 
body  may  also  be  obtained  in  the  amorphous  form. 

The  tetrabasic  oxychloride  (4HgO,HgCls)  may  be  obtained  by  adding  a  sohiiioi 
of  corrosive  sublimate  to  a  large  excess  of  the  solution  of  the  acid-carboDitc 
Carbonic  acid  gradually  escapes,  and  brown  crystalline  crusts  are  deposited: 
caustic  potash  causes  the  separation  of  red  mercuric  oxide  from  this  oompooni 
This  oxychloride  may  also  be  obtained  in  the  form  of  a  brown  amorphous  deposit, 
and  in  golden-yellow  plates ;  both  these  varieties  yield  the  yellow  oxide  wbea 
decomposed  by  hydrated  potash.  The  first  two  oxychlorides  are  converted  b; 
boiling  them  with  water  into  the  tetrabasic  form,  which  is  deposited  from  the 
solution  in  golden-yellow  scales.  Other  oxychlorides,  with  5  and  with  6  atoms 
of  mercuric  oxide,  are  described  by  Boucher  (Ann.  de  Ckimie,  IIL  xxvii.  ^^^). 

(924)  Action  of  Ammonia  on   Corrosive  Sublimate, — When  a 

solution  of  corrosive  sublimate  is  added  to  a  solution  of  ammonia 

in  excess^  one-half  of  the  chlorine  only  is  removed  firom  the  mlt, 

and  the  so-called  white  precipitate  is  formed,  which,  when  washed 

with  cold  water,  is  completely  soluble  in  nitric  and  in  hydrochloric 

acid,  and  which  therefore  can  contain  no  calomel ;  HgCl,  -f  aHjK 

=  (Hg''H2N,Cl)  4-  H^NCl.    Kane  considered  this  white  precipitate 

as  a  compound  of  chloride  with  amide  of  mercury,  HgCl,HjN ; 
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but  it  may  also  be  regarded  as  amnionic  chloride^  in  which  2 
atoms  of  hydrogen  are  displaced  by  the  biequivalent  atom 
of  mercury  (Hg''HgN,Cl).  If  ammonia  be  added  drop  by  drop 
to  a  solution  of  corrosive  sublimate^  which  is  purposely  maintained 
in  considerable  excess,  the  precipitate  consists  of  (Hg^H^NjCl^) ; 
this  formula  would  be  that  of  mercuramine  chloride,  in  which  the 
place  of  the  oxygen  contained  in  the  base  is  supplied  by  an  equiva- 
lent amount  of  chlorine. 

White  precipitate  has  /been  made  the  subject  of  numerous  experiments.  If  it 
be  heated  to  about  608^  (320**  C.)i  ammonia  and  the  ammoniated  chloride  of 
mercury  are  expelled ;  and  a  red  crystalline  powder  remains,  represented  by  the  for- 
mula (2HgCl„Hg,N,) ;  for  6Hg"H,NCl  =  3H,N  +  H.N.HgCl,  +  iHgCl^Hg.Ny 
This  red  powder  is  insoluble  in  water  and  in  dilute  acids,  but  it  is  dissolved  and 
decomposed  by  either  boiling  hydrochloric  acid  or  oil  of  vitriol.  By  raising  the 
temperature  still  further  it  is  decomposed  into  nitrogen,  metallic  mercury,  and 
calomel.  It  is  interesting,  as  it  appears  to  contain  a  double  atom  of  ammonia  in 
which  the  6  atoms  of  hydrogen  are  displaced  by  3  biequivalent  atoms  of  mercury. 

When  white  precipitate  is  boiled  in  water  it  is  decomposed,  and  the  heavy 
insoluble  canary-yellow  mercuramine  chloride  is  formed,  whilst  ammonic  chloride 
is  formed  in  the  solution;  4Hg^'H^Cl  +  2H,0  =  Hg^H^NjOjCl,  +  2H,NCL 
This  yellow  powder  is  dissolved  easily  by  diluted  nitric  or  hydrochloric  acid. 

If  a  solution  of  corrosive  sublimate  be  added  gradually  to  a  boiling  solution 
of  sal  ammoniac  and  free  ammonia  so  long  as  the  precipitate  is  redissolved  on 
agitation,  a  compound  crystallizes  in  rhombohedra  on  cooling ;  and  the  same  sub« 
stance  is  procured  on  boiling  ordinary  white  precipitate  in  a  solution  of  sal  am- 
moniac. This  compound  fuses  and  undergoes  decomposition  at  a  temperature  of 
57^°  (300°  C.) ;  boiling  water  extracts  a  large  proportion  of  sal  ammoniac  from 
it,  and  leaves  the  canary-yellow  powder  above  described.  It  is  freely  soluble  in 
acids,  even  in  acetic  acid.  Kane's  analysis  of  this  compound  would  allow  of  ita 
being  represented  by  the  formula  Hg^'H^N^Cl}.  It  is  sometimes  called  fusible 
white  precipitate. 

When  corrosive  sublimate  is  exposed  to  a  current  of  dry  ammoniacal  gas,  it 
fuses  with  extrication  of  heat ;  i  atom  of  the  salt  absorbs  i  of  ammonia,  pro- 
ducing H^NfHgCl].  This  compound  may  be  sublimed  without  change,  but  it  ia 
decomposed  by  water :  it  is  a  true  ammoniated  mercuric  dichioride. 

The  following  table  shows  the  principal  compounds  produced  by  the  combined 
action  of  ammonia  and  heat  upon  corrosive  sublimate : — 

(1 )  White  precipitate  Hg"H,NCl. 

(2)  Red  crystalline  compound  ...  2Hg01s,Hg",N2. 

(3)  Mercuramine  chloride     ...  ...  (Hg4H4N,0,)Clj. 

(4)  Mercuramine  perchloride  ...  (Hg4H4N,Cl4)Cl,. 

(5)  Fusible  white  precipiUte  ...  Hg"H^j,Cl,, 

(6)  Ammoniated  mercuric  dichioride...  H,N,UgCls. 

besides  the  double  salts,  of  which  one  is— 

(7)  Sal  alembroth dH^NCl.HgCl^HjO. 

(8)  And  another  is H4NCl,HgCl^ 

These  remarkable  compounds  derive  interest  from  their  connexion  with  the 
theories  which  have  been  proposed  respecting  the  nature  of  ammonia,  the  con- 
sideration of  which  will  be  resumed  when  the  alkaloids  or  organic  bases  are 
examined. 
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Two  BaoxiDBS,  analogoiu  to  the  chlorides  of  menmry  may  be  Conned;  tiwj 
yield  correspondiDg  double  salts ;  both  of  them  may  be  sublimed  without  ex- 
periencing decomposition.  Mereuraus  bromide  (Hg£^  =  280 ;  tp.  gr.  tfv<^9», 
10*14 ;  ^^^* ^^* !  i  I;  f^l'  ^^'  140)  is  white  and  insoluble.  Mercwrie  hrpmiidt 
(HgBrj  =  360 ;  tp.  gr,  qfvapaurf  1 2'  16 ;  moL  voL  \  \  i;  reL  wL  180)  is  ctyt- 
tallizable  and  soluble. 

(925)  Iodides  of  Me&curt. — ^Mercury  forms  three  iodides: 
a  green  iodide^  Hgl ;  a  red  diniodide^  ^S^  >  ^^^  ^^  intermediate 
iodide  (Hgl^Hgl^)  of  a  yellow  colour^  obtained  by  precipitating 
mercnrons  nitrate  by  means  of  potassic  iodide  containing  iodine 
in  solution. 

Mereuraus  iodide  (Hgl  =  327)  is  a  green  powder  insoluble  in  water,  wbic^ 
is  easily  decomposed  by  exposure  to  light,  into  mercury  and  the  red  iodide;  tkt 
same  change  is  effected  by  heating  it  gently  with  solutions  of  the  soluble  iodides 
or  chlorides,  or  with  hydriodic  or  hydrochloric  acid.  If  heated  suddenly  it  hm» 
and  may  be  sublimed  without  decomposition ;  but  if  the  temperature  be  rusid 
gradually,  it  is  decomposed  into  the  red  iodide  and  metallto  mercury.  It  is  essiif 
iormed  by  triturating  5  parts  of  iodine  with  8  of  mercury,  moistening  the  mil* 
ture  with  a  little  alcohol ;  or  it  may  be  precipitated  fit>m  a  solution  of  so/ 
mercurous  salt,  by  adding  to  it  a  solution  of  potassic  iodide. 

Mercuric  iodide,  Biniodide  of  mercury  (Hgl3=454) ;  MoL  Voi. 

ReL  wt.  227  ;  Sp.   Gr.  of  solid,  6*25;  of  vapour,  1^6] 


Comp.  in  100  parts,  Hg,  44*05 ;  I,  S5'95- — ^^^  beautiftd  com- 
pound may  be  obtained  by  triturating  5  parts  of  iodine  with  4  of 
mercury^  and  subliming  the  mixture ;  but   it  is  procured  most 
easily  by  precipitating  a  solution  of  corrosive  sublimate  by  meam 
of  a  solution  of  potassic  iodide :  the  precipitate  is  soluble  in  sn 
excess  of  either  salt.     The  precipitate  is  at  first  salmon-colouied, 
but  it  speedily  becomes  converted  into  a  brilliant  scarlet  crystal- 
line deposit.     It  fiises  at  about  392^  (200^  C.)^  and  yields  a  vapour 
of  extraordinary  density :  as  it  cools   it  is  deposited  in  yellov 
rhombic  tables ;  this  yellow   colour  is   changed  to  red  by  mefe 
agitation^  or  by  scratching  the   crystals.     Warington  has  shoirn 
that  this   change  of  colour  depends  upon  a  change  in  the  mole- 
cular constitution  of  the  salt^  in  consequence  of  which  the  rhom- 
boidal  crystals   are  converted  into  octohedra  with  a  square  base. 
Mercuric   iodide  is  nearly  insoluble  in  water^  but  it  is  taken  up 
freely  by  hot  alcohol.     It  is  also  dissolved  by  solutions  of  many 
neutral  salts   of  ammonium^  as  well  as  by  hydrochloric  and  hy- 
driodic  acids.     With  the   soluble  electropositive  iodides  it  fomu 
crystalline  double  salts,  and  it  is  dissolved  easily  by  solutions  of 
chlorides  of  the  metals  of  the  alkalies,  but  it  does  not  form  cryi- 
tallizable  compoimds  with  these  chlorides.     A  fusible  double  mer- 
curic  chloride   and  iodide  (Hglj^HgCl^)  ^^7  ^  formed ;  and  a 
soluble   crystallizable  compound  (Hgl2,2HgCl2)  may  be  obtained 
by  saturating  a  boiling   solution  of  corrosive  sublimate  with  the 
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mercuric  iodide,  and  allowing  it  to  crystallize.  By  adding  a  mix- 
ture of  potassic  hydrate  and  ammonia  to  a  solution  of  mercuric 
iodide  in  one  of  potassic  iodide,  a  brown  powder  is  deposited,  to 
which  Nessler  assigns  the  composition  Hg^^^NI^H^O  (624).  Mer- 
curic iodide  also  forms  definite  compounds  with  the  oxide,  and 
with  the  sulphide,  of  the  metal. 

(926)  Nitride  (?)  of  Mercury, — Plantamoar  states,  that  by  transmitting  in 
the  cold  a  current  of  dry  ammoniacal  gas  over  the  dried  yellow  mercuric  oxide 
precipitated  from  its  salts  by  an  alkali,  so  long  as  the  gas  is  absorbed,  and  theu 
heating  the  dark  brown  mass  cautiously  to  a  temperature  not  exceeding  302^ 
(150°  C),  so  long  as  water  is  formed,  an  anhydrous  powder  of  a  flea-brown 
colour  is  produced.  It  detonates  powerfully  when  heated,  or  struck :  the  acids 
decompose  it,  forming  salts  of  ammonium  and  mercury.  If  artificially  cooled 
and  made  under  pressure,  according  to  Weyl,  its  composition  is  2HgO,H,N. 
It  is  yellow  if  prepared  in  the  dark,  and  is  then  soluble  in  hydrochloric  acid. 
Water  converts  it  at  once  into  a  white  powder.  If  heated  in  a  current  of  am* 
moniacal  gas,  water  escapes  and  a  dark  powerfully  explosive  compound  (Hg3N),0 
is  obtained,  possibly  identical  with  Plantamour's  compound :  this  compound 
becomes  decomposed  with  evolution  of  ammonia  on  exposure  to  a  moist  atmosphere. 

(927)  Mercuric  sulphate,  or  Sulphate  of  mercury  (HgSO^= 
296) ;  Sp.  Or,  6*466. — When  2  parts  of  mercury  are  heated 
gently  with  3  of  oil  of  vitriol,  sulphurous  anhydride  is  evolved, 
and  mercurous  sulphate  is  procured ;  but  if  the  heat  be  increased, 
and  the  distillation  be  carried  to  dryness,  mercuric  sulphate  is 
formed ;  sulphurous  anhydride  being  extricated,  whilst  the  mer- 
cury takes  oxygen  from  the  sulphuric  acid ;  Hg + 2H2SO^=  HgSO^ 
-f  SOgH-  aHjO.  It  is  a  white  crystalline  powder,  which  is  soluble 
in  a  solution  of  common  salt,  but  is  decomposed  by  pure  water 
into  an  insoluble  yellow  basic  salt,  called  turpeth  mineral  (HgSO^ 
aHgO ;  sp.  ffr,  8-319),  and  a  soluble  acid  salt,  which  crystallizes 
in  deliquescent  needles;  the  yellow  basic  salt  is  formed  more 
rapidly  if  the  sulphate  be  washed  with  boiling  water.  The 
normal  sulphate,  when  treated  with  an  excess  of  ammonia,  yields 
mercuramine  sulphate.  The  normal  sulphate  unites  with  ammonic 
sulphate,  with  which  it  forms  a  crystallizable  double  salt. 

(928)  Nitrates  of  Mercury. — Mercury  forms  a  larger  num- 
ber of  nitrates  than  any  other  metal.  The  conditions  of  tem- 
perature, and  dilution  of  acid  necessary  to  ensure  the  production 
of  each  compound,  often  vary  in  each  case  but  little,  and  their 
accurate  analysis  is  attended  with  some  diflSculty.  Different 
chemists  vary  somewhat  in  their  statements  of  the  results  which 
they  obtained.  The  normal  submtrate,  or  mercurous  nitrate 
(Hg'jaNOgjaHgO)  is  obtained  by  digesting  metallic  mercury  in  an 
excess  of  nitric  acid  diluted  with  4  or  5  times  its  bulk  of  water ; 
it  crystallizes  in  short  transparent  somewhat  efflorescent  prisms 
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(or  in  rhombic  plates ;  Grerhardt) ;  water  decomposes  it  into  a 
yellow  insoluble  dibasic  salt  {Rg'^iaO^llgfifKfi),  or  {zKgfi, 
iifi^,Hfi),  and  a  soluble  acid  one.  A  soluble  subnitrate^  which 
is  often  mistaken  for  the  normal  salt^  crystallizes  in  large  trans- 
parent colourless  prisms  [3(Hg'jj2N03),Hg'jO,HjO],  or  (4HgoO, 
SNgOg^HjjO),  and  is  obtained  by  digesting  an  excess  of  mercury 
in  diluted  nitric  acid.  De  Marignac  finds  that  by  boiling  the 
mother-liquors  of  the  preceding  salts  upon  an  excess  of  mercury 
for  several  hours,  doubly  oblique,  rhombic,  colourless  prisms  are 
deposited,  to  which  he  assigns  the  composition  [sCHggiNOj), 
2(Ug'fi,Ilfi)],  or  (5Hg20,3N,05,2H20).  Other  subnitrates  also 
appear  to  exist.  These  various  basic  nitrates  may  be  distinguished 
from  the  normal  salt  by  triturating  them  with  sodic  chloride, 
when  they  become  grey,  owing  to  the  separation  of  black  mer- 
curous  oxide,  while  calomel  is  formed ;  but  the  normal  salt  re- 
mains white. 

A  normal  mercuric  nitrate  [2(Hg''2N03),H5,0]  is  slowly  formed 
in  voluminous  crystals,  by  dissolving  mercuric  oxide  in  an  excess 
of  nitric  acid,  and  evaporating  the  liquid  until  it  assumes  a  syrupy 
consistence.  Another  nitrate  (Hg2N03,HgO,2HgO,  or  2HgO, 
N205,2HjO)  is  deposited  in  acicular  crystals  from  a  boiling  solu- 
tion of  mercury  in  excess  of  nitric  acid ;  but  it  is  obtained  with 
greater  certainty  by  saturating  nitric  acid,  of  sp.  gr.  1*4,  diluted 
with  an  equal  bulk  of  water,  with  the  mercuric  oxide.  The  solu- 
tions of  both  these  salts  are  decomposed  when  diluted  freely  with 
water,  and  a  yellow  insoluble  basic  nitrate  (Hg2N03,2HgO,H30, 
or  3HgO,N205,H20)  is  precipitated :  by  long-continued  washing 
with  hot  water,  the  whole  of  the  nitric  acid  is  removed  from  thii 
basic  salt,  and  mercuric  oxide  is  left.  Solutions  of  the  mercuric 
nitrates,  when  digested  upon  an  excess  of  the  metal,  are  converted 
into  mercurous  nitrates. 

(929)  Characters  of  the  Salts  op  Mercury. — Most  of  the 
salts  of  mercury  are  colourless,  but  some  of  the  basic  mercuric 
salts  are  yellow.  The  following  characters  are  common  to  both 
the  mercurous  and  mercuric  salts.  The  soluble  compoimds  have  an 
acrid,  nauseous,  metallic  taste  :  in  large  doses  they  act  as  irritant 
poisons.  All  the  mercurial  compounds  are  volatilized  by  heat.  If 
a  small  quantity  of  any  of  the  dry  salts  of  this  metal  be  placed 
at  the  bottom  of  a  tube  of  the  diameter  of  a  quill,  and  be  coTered 
to  the  depth  of  i  inch  (25"^*)  with  a  layer  of  dried  sodic  or 
potassic  carbonate,  mercury  may  be  obtained  in  the  fonn  of  1 
sublimate  of  minute  globules,  by  heating  the  upper  part  of  the 
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layer  of  the  carbonate  to  redness^  and  driving  the  vapour  of  the 
mercurial  compound  slowly  through  it. 

The  presence  of  mercury^  when  in  solution,  may  be  detected 
by  placing  a  small  strip  of  zinc,  round  which  a  thin  strip  of  gold 
foil  is  twisted^  in  a  portion  of  the  liquid  to  be  tested.  The  mer- 
cury will  be  deposited  by  voltaic  action  in  the  form  of  a  white 
stain  upon  the  gold.  This  stain  will  disappear  on  heating  the 
gold  to  redness.  The  salts  of  mercury,  whether  soluble  or  in- 
soluble, are  all  reduced  to  the  metallic  state  when  heated  with  a 
solution  of  stannous  cJduride.  A  strip  of  metallic  copper  becomes 
coated  with  a  white  amalgam,  if  rubbed  with  a  solution  containing 
mercury.  This  test  may  be  employed  for  detecting  the  presence 
of  mercury  in  solution  if  applied  by  the  method  of  Reinsch  for 
arsenic  (846),  a  sublimate  of  mercury  in  distinct  globules  being 
obtained  by  heating  the  coated  slip  in  a  small  tube. 

I. — Mercuroiis  salts  are  characterized^  when  in  solution,  by 
yielding  with  solutions  of  potash,  of  soda,  or  of  time,  a  black  preci- 
pitate of  mercurous  oxide.  Potassic  ferrocyanide  gives  a  white 
precipitate.  Both  sulphuretted  hydrogen  and  ammomc  hydrosul- 
phide  yield  a  black  mercurous  sulphide.  Hydrochloric  acid  and  solu- 
tions of  the  chlorides  cause  a  white  precipitate  of  calomel,  which 
is  soluble  in  hot  concentrated  nitric  acid,  and  in  chlorine  water ; 
it  is  blackened  by  the  addition  of  an  excess  of  ammonia.  Potassic 
iodide  gives  a  green  mercurous  iodide,  and  potassic  chromate  a 
bright  red  basic  mercurous  chromate. 

a. — Mercuric  salts,  when  in  solution,  yield  with  solutions  of 
potash,  of  soda,  and  of  lime,  a  bright  yellow  precipitate  of  mercuric 
oxide ;  with  ammonia,  a  white  precipitate ;  with  normal  potassic 
carbonate,  a  yellow  precipitate  of  oxide,  with  potassic  hydro* 
carbonate,  a  red  precipitate  of  mercuric  oxychloride  (923) :  all 
these  precipitates  are  soluble  in  hydrochloric  acid.  Ammonic 
hydrostUphide  gives  a  black  precipitate ;  and  mlphuretted  hydrogen, 
a  dirty  white  precipitate,  which  passes  through  red  into  black ;  it 
is  insoluble  in  nitric  or  in  hydrochloric  acid  :  this  sulphide  is  in- 
soluble in  the  sulphides  of  the  alkali-metals  unless  an  excess  of 
alkali  be  present,  in  which  case  the  precipitate  is  gradually  dis- 
solved. Potassic  iodide  precipitates  a  salmon-coloured  mercuric 
iodide,  which  quickly  becomes  of  a  brilliant  scarlet :  this  precipi- 
tate is  soluble  in  excess  both  of  potassic  iodide,  and  of  corrosive 
sublimate.  Hydrochloric  acid  and  solutions  of  the  chlorides  give 
no  precipitate  with  the  mercuric  salts.  Potassic  ferrocyanide 
gives  a  white  precipitate,  which  gradually  becomes  blue^  while 
mercuric  cyanide  is  formed  in  the  solution* 
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(930)  Ettimation  of  Mercury. — Merctuy  is  lunally  estamated 
in  the  metallic  form.  If  the  lolution  contain  neither  lead  nor 
ulver,  metallic  mercurj'  may  be  precipitated  bjr  the  addition  of 
ttannoiu  chloride,  acidulated  with  hydroehloric  acid :  the  metal 
must  be  collected  on  a  weighed  filter,  and  dried  tf>  vacuo  over 
sulphuric  acid. 

When  the  oomponnd  U  in  the  lolid  fbno,  HiUon  reeoniinende  the  Mlowing 
plan  for  eSactin^;  the  deoompoiition  of  the  aombiiiatioti*  of  meroarr  and  for  ool- 
laoting  the  metal: — A  hud  glua  tube,  18  <a  3o  inehe*  (45  or 50™*')  loDg,racb 
u  i«  oaed  in  Ibe  uisIjhU  of  organic  compound*,  is  drawn  out  in  the  muiner  ro- 
presented  in  fig.  366,  and  at  a  a  amall  bulb  i>  fonned  for  the  reueption  of  the 

fu.366. 


merenrj ;  a  ping  of  aihestoa  ia  placed  at  ( ;  the  tube  ii  then  filled  ae  far  ai  f 
with  fragmenta  of  quicklime,  and  the  mernuial  oompound,  in  qnantitj  Tujing 
tram  15  to  45  grains  (l  to  3  grammes),  is  introduced  between  c  nod  d,  and  the 
tube  i«  filled  up  with  fragmentt  of  lime.  If  nitric  acid  be  present  in  the  com- 
pound, metallic  copper  murt  be  substituted  for  quicklime.  The  eitremitj,  t,  is 
connects  with  an  apparatus,  g,  which  supplies  a  steady  current  of  pure  dr; 
hydrogM, — the  tube  being  placed  in  a  sheet-iron  fnmaoe,  /  while  the  reennr, 
a,  prqects  beyond  the  furnace,  and  is  kept  oool.  As  soon  as  the  apparatus  ia 
filled  with  the  gas,  lighted  charcoal  is  applied  to  the  first  third  of  the  tub* 
between  b  and  e,  and  when  it  is  at  a  full  red  heat,  glowing  charcoal  is  *erf 
graduallj  added  until  the  whole  length  of  the  tube  is  red  hot;  the  mercnrjr 
OoUecte  in  a,  and  the  water,  which  is  at  first  condensed,  is  graduallj  removed  by 
the  current  of  dr;  hydrogen.  When  the  operation  is  over,  the  narrow  portioa 
of  the  tube  between  a  and  h  is  cat  with  a  file,  and  the  detached  portion  a,  with 
ita  contents,  is  weighed :  the  mercury  is  emptied,  the  bulb  cleansed  with  nitric 
acid  and  water,  then  dried,  end  weighed  a  second  time;  the  difibreaoe  give*  the 
WMght  of  tbe  condensed  mercury. 

§  II.  Silver:  (Argentum)  Ag'=io8.    Sp.  Gr.  10-53; 
Fuait^-pt.  1873°  (1033°  C). 

(931)  SiLTBK  has  been  known  from  tbeeariiert  ages,  and  bw 
alw^B  been  prized  for  ita  rarity,  beauty,  and  its  brilliant  lustre. 
It  has  a  white  colour  with  a  tinge  of  red ;  in  hardness  it  is  inter- 
mediate between  co^^  and  gcJd,  and  it  ia  endowed  vitJi  con- 
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Biderable  tenaoity ;  it  may  be  hammered  into  very  tlun  leaves^  and 
admits  of  being  drawn  into  very  fine  wire.  By  repeated  heatings^ 
however^  this  metal  assumes  a  crystalline  texture^  and  it  then  be- 
comes brittle.  It  crystallizes  in  forms  belonging  to  the  regular 
system.  Silver  fases  at  1873^  (1023®  C),  and  on  cooling  expands 
forcibly  at  the  moment  of  solidification.  It  is  not  sensibly 
volatilized  if  heated  in  closed  vessels^  but  a  silver  wire  is  dispersed 
in  greenish  vapours  when  a  very  powerfiil  electrical  discharge  is 
sent  through  it ;  when  heated  before  the  oxyhydrogen  jet  on  lime 
(966)  it  may  be  made  to  boil,  and  give  off  vapours  which  become 
oxidized  in  the  current  of  gas  if  it  contains  an  excess  of  oxygen. 

In  his  elaborate  researches  upon  the  combining  proportions  of  the  elements, 
Stas  has  availed  himself  of  the  volatilify  of  silver  in  the  heat  of  the  oxyhydrogen 
jet  to  obtain  the  metal  in  a  state  of  absolute  parity.  For  thhi  purpose  in  a 
block  of  lime,  from  white  marble,  25  or  30^°^*  long,  lo^'"^*  high,  and  as  many  in 
thickness,  a  cavity  3^^'  in  diameter  and  2^^*  deep  was  drilled ;  and  connected 
with  a  sloping  channel  of  3^^'  wide  and  5°^*°'  deep,  which  acted  as  a  condenser 
to  the  silver :  the  channel  terminated  in  a  cavity  for  the  recepticm  of  the  distilled 
metal.  A  cover  of  lime  was  fitted  to  this  sort  of  still,  uid  50  grammes  of 
silver  were  introduced  into  the  cavity,  heated  by  the  oxyhydrogen  jet ;  in  this 
way  the  whole  of  the  silver  was  distilled  in  from  jo  to  15  minutes,  but  a  good  deal 
escaped  condensation. 

Silver  is  an  excellent  conductor  both  of  heat  and  electricity, 

and  is  not  inferior  in  these  respects  to  any  known  substance. 

Silver  is  not  oxidized  by  exposure  at  any  temperature  either  in  a 

dry  or  a  moist  atmosphere.     Pure  silver,  however,  when  melted, 

absorbs  oxygen  mechanically,  to  an  extent  amounting,  it  is  said, 

to  22  times  the  bulk  of  the  metal,  but  the  gas  is  given  off  at  the 

moment  of  solidification  :  if  a  mass  of  melted  silver  be  allowed  to 

cool  suddenly,  the  outer  crust  becomes  solidified,  and  when  the 

interior  portion  assumes  the  soUd  condition  it  ruptures  the  crust ; 

small  tubes  or  globules  of  melted  metal  are  then  forcibly  expelled 

by  the  escaping  oxygen,  aided  by  the  sudden  expansion  which 

the  silver  undergoes  in  the  act  of  solidification.   This  phenomenon, 

which  is  termed  the  spitting  of  the  globule,  is  entirely  prevented 

by  the  presence  of  1  or  2  per  cent,  of  copper.     Silver  combines 

slowly  with  chlorine,  with  bromine,  and  with  iodine :  if  fused 

with  phosphorus  the  two  bodies  enter  into  combination.     Silver 

has  a  powerful   attraction  for  sulphur ;  by  long  exposure  to  the 

air  the  metal  becomes  superficially  blackened  or  tarnished,  from 

the  formation  of  a  thin  film  of  sulphide  upon  its  surface,  owing 

to  the  decomposing  action  of  the  metal  upon  the  small  portion  of 

irolphuretted  hydrogen  which  is  constantly  floating  in  the  air, 

especiaUy  of  large  towns.     This  tarnish  is  readily  removed  by 

means  of  a  solution  of  potassic  cyanide. 
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The  best  solvent  for  silver  is  nitric  acid,  whicli,  if  diluted  with 
an  equal  bulk  of  water,  acts  upon  the  metal  with  great  violence, 
dissolving  it  rapidly  and  evolving  nitric  oxide,  while  argentic 
nitrate  is  formed.  Hydrochloric  acid  acts  but  slightly  upon  it. 
Aqua  regia  attacks  it  more  rapidly.  Diluted  hydriodic  acid 
attacks  it  with  evolution  of  hydrogen.  Boiling  oil  of  vitriol  dis* 
solves  it  with  evolution  of  sulphurous  anhydride.  If  common 
salt  be  fused  in  a  silver  dish,  or  if  it  be  moistened  and  left  in 
contact  with  silver,  it  gradually  corrodes  it ;  soda  being  formed 
by  the  absorption  of  oxygen  from  the  air,  while  the  liberated 
chlorine  attacks  the  silver.  Neither  the  hydrated  alkalies  nor 
their  nitrates  exert  any  considerable  action  upon  it,  whether  in 
solution  or  when  fused  by  heat,  and  hence  crucibles  for  the  fusion 
of  refiractory  minerals  with  caustic  potash  are  commonly  made  of 
this  metal. 

The  value  of  silver  as  a  medium  of  exchange  has  caused  it  to 
be  adopted  as  such  by  all  civilized  nations  firom  the  earliest  ages 
of  the  world.  When  alloyed  with  certain  proportions  of  copper  it 
is  used  for  the  current  coin  of  the  realm,  and  for  the  various  articles 
of  plate.  From  its  superior  power  of  reflecting  light,  it  forms  the 
best  surface  for  the  reflectors  employed  in  lighthouses  at  sea. 

(932)  Extraction  of  Silver  from  its  Ores. — Silver  is  firequently 
met  with  in  the  native  state ;  either  pure,  when  it  occurs  in  fibrous 
masses,  or  crystallized  in  cubes  or  octohedra ;  or  sometimes  com- 
bined with  gold,  mercury,  or  antimony :  generally,  however,  it  is 
found  in  combination  with  sulphur,  mixed  with  sulphides  of  lead, 
antimony,  copper,  and  iron.  The  mines  of  Peru  and  Mexico  are 
the  most  extensive  sources  of  silver.  In  Europe,  those  of  Kongs- 
berg  in  Norway,  and  of  Schneeberg  and  Freyberg  in  Saxony,  aie 
celebrated:  there  are  also  numerous  other  mines  from  which 
smaller  quantities  are  obtained.  The  ores  of  silver  occur  usually 
among  the  primitive  rocks,  frequently  in  calcareous  veins,  travers- 
ing either  gneiss,  or  slaty  and  micaceous  deposits.  Plumbic  sul- 
phide is  nearly  always  accompanied  by  small  quantities  of  argentic 
sulphide,  and  a  considerable  quantity  of  silver  is  extracted  during 
the  refining  of  lead  by  Pattinson^s  process  (891),  as  weU  as  by 
cupellation  (892). 

At  Freyberg,  silver  is  for  the  most  part  obtained  firom  the 
sulphide  by  the  method  of  amalgamation.  The  plumbiferous  ores 
are  in  this  case  rejected,  as  they  are  not  adapted  to  this  method 
of  proceeding,  but  are  treated  in  the  manner  already  described 
when  speaking  of  lead.  The  ores  are  usually  sorted,  so  that  they 
shall  contain  a\)oul  o'O,^  ^t&rts  of  silver  in  100,  or  about  80  opncei 
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per  ton  of  ore^  and  not  more  than  i  per  cent,  of  copper ;  the 
proportion  of  iron  pyrites  is  not  allowed  to  exceed,  or  greatly  to 
fall  short  of  35  per  cent.  The  metalliferons  mass,  afker  it  has  been 
reduced  to  a  coarse  powder^  is  mixed  with  a  tenth  of  its  weight 
of  common  salt,  and  sifted,  to  ensure  its  intimate  incorporation : 
it  is  then  roasted,  at  first  at  a  low  red  heat ;  during  this  opera- 
tion, care  is  taken  to  keep  the  mixture  constantly  stirred,  in  order 
as  far  as  possible  to  prevent  it  from  concreting  into  lumps. 
Meantime  arsenic  and  antimony  are  expelled  in  dense  white  fumes 
of  arsenious  and  antimonious  sesquioxide,  and  the  sulphides  of 
the  other  metals  are  partially  oxidized ;  the  silver  obtains  chlorine 
from  the  salt,  the  sodium  of  which  unites  with  oxygen  and  sulphur, 
argentic  chloride  and  sodic  sulphate  being  formed;  the  copper 
and  the  iron  are  changed  partly  into  sulphates,  partly  into  chlo- 
rides, and  partly  into  oxides,  as  the  equations  subjoined  will  show: — 

AgjS  +  2Naa  +  2O2 = 2  AgCl  -f  Na^SO^ ; 

CuS  +  20j=CuS04,- 

2CuS  -f  4Naa  -f  4O2 = CU3CI3  -f  CI3  -f  2Na2S04  ; 

2PeS3  -f  6NaCl  +  703= FcjClj + sNa^SO^  +  SO,. 

During  the  early  stages  of  this  operation,  fumes  of  sulphurous 
anhydride  are  given  off  abundantly ;  and  the  roasting  is  continued 
until  these  have  in  great  measure  given  place  to  those  of  chlorine 
and  ferric  chloride.  A  charge  of  4^  cwt.  requires  6  hours' 
roasting.  The  roasted  mass  is  now  raked  out  of  the  furnace,  and 
allowed  to  cool :  it  is  next  sifted  in  order  to  separate  the  lumps, 
which  are  powdered  and  again  submitted  to  the  same  operation. 
About  85  per  cent,  of  the  silver  is  thus  converted  into  chloride  at 
the  first  roasting.  The  portions  which  have  passed  through  the 
sieve  are  ground  to  powder,  and  passed  through  a  bolting  sieve  to 
procure  a  very  fine  meal.  The  powder  is  next  placed,  with  from 
a  third  to  half  its  weight  of  water,  in  large  casks,  which  are 
charged  with  about  500  kilos.,  or  half  a  ton  of  the  ore.  These 
casks  arc  caused  to  revolve  upon  horizontal  axes,  about  20  times 
per  minute ;  50  kilos.,  or  about  i  cwt.  of  scrap  wrought  iron  is 
then  introduced  into  each  cask,  and  after  the  lapse  of  an  hour, 
250  kilos.,  or  about  5  cwt.  of  mercury  is  added,  after  which  the 
casks  are  again  made  to  revolve  for  about  20  hours;  during  this 
operation  a  slight  rise  of  temperature  is  observed.  The  powder 
when  placed  in  the  casks  consists  principally  of  argentic  chloride 
mixed  with  large  quantities  of  cupric  sulphate  and  cupreous  chlo- 
ride, as  well  as  of  ferric  chloride,  with  a  variable  proportion  of  the 
oxides  of  copper  and  iron.  The  object  of  agitating  the  mixture 
ir.  ^  ^ 
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with  the  iron  before  adding  the  mercnry  is  to  reduce  the  fenic 
chloiide  to  ferroiu  chloride  in  the  first  instance ;  if  this  jncat- 
tion  vere  not  taken,  the  mercury  wonld  be  partially  conratd 
into  calomel,  which  would  not  subsequently  be  decompoaed,  ul 
would  thus  be  lost :  the  excess  of  iron  afterwards  remora  tfa 
chlorine  from  the  argentic  chloride  and  cupieous  chloride,  sal 
the  sulphuric  acid  from  the  copper : — 

Fe,Clg  +  Fe  =  3FeCl,;  2AgCl  +  Pe=FeCl,+Aft. 

CujCI^  +  Fe=FeCl,  +  2Cu;  CuS04+Fe=FeS0^+Cn. 

The  presence  of  the  mercury  faTours  this  reaction,  by  establiiliiiig 
a  voltaic  current,  and  the  silver  and  copper  thus  set  at  liber^ 
imitc  immediately  with  the  mercury,  forming  a  liquid  ■n"lg«» 
At  the  expiration  of  18  or  2o  hours  the  casks  are  filled  np  with 
water,  and  are  again  set  in  motion  for  a  couple  of  hours  to  allmr 
the  amalgam  to  be  washed  out  of  the  spent  materials ;  after  whidi 
the  fluid  amalgam  is  drawn  off  into  sacks  of  ticking ;  these  sacki 
form  a  kind  of  rude  filter,  through  which  the  greater  part  of  tht 
mercury  runs  into  a  stone  trough,  leaviug  behind  it  a  aoft  solid 
coutaining  from  15  to  17  per  cent,  of  silver.  The  mud  in  tbe 
casks  is  again  submitted  to  washing ;  the  residual  amalgam  nb- 
sides,  owing  to  its  greater  density,  and  the  lighter  portions  lie 
rejected.  The  filtered  part  of  the  mercury,  which  retains  a  smiil 
quantity  of  silver,  is  used  again  for  Ik 
'^'°"  ^^'  amalgamation  of  a  fresh  portion   of  tst 

Tbe  silver  in  the  solid  BTtinlgyni  has  now 
to  be  separated  frt>m  the  remaining  mt^ 
cury;  for  this  purpose  it  is  placed  in  tnn, 
supported  on  a  tripod,  c,  fig.  367,  under  1 
large  distillatory  iron  hell,  B,  round  tbe 
upper  part  of  which  a  fire.  A,  is  bghted; 
the  bell  and  its  contents  are  thus  broo^ 
to  a  red  heat,  by  which  means  the  ma- 
cury  IS  driven  off,  its  vapour  desceodi, 
and  IS  condensed  in  the  water  contained 
m  the  vessel,  n  The  operation  is  gei» 
rally  performed  on  3jO  kilos ,  or  about  5  cwt  of  amalgam  st  1 
time,  and  occupies  8  hours  The  residual  spongy  mass  of  aim 
and  copper  is  then  fused  and  cast  luto  mgots,  which  m  tlte 
Saxon  mines  contain  osuatly  about  70  percent,  of  pure  silver  and 
28  of  copper. 

An  inipTDvement  upon  thii  proceas  hu  been  introdoced  bj  Augiutin,  >ht 
dlapeii»eB  with  the  um  of  wtnaij  altogether.  After  the  ore  h*B  been  ratttti 
first  by  iUelf,  and  again  a  aeoond  time  with  aodio  ehloride,  it  is  "jigrrtiri  it  1 
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concentrated  solution  of  common  salt ; — such  a  solution  dissolves  argentic  chlo- 
ride readily :  a  dilute  solution  of  sodic  chloride  exerts  little  or  no  solvent  action ; 
and  the  concentrated  liquid  when  diluted  deposits  the  argentic  chloride  which  it 
had  previously  dissolved.  In  practice  it  is  found  better,  instead  of  diluting  the 
liquid,  to  digest  it  upon  metallic  copper ;  the  chloride  of  silver  is  decomposed, 
chloride  of  copper  is  formed  and  dissolved,  whilst  metallic  silver  is  precipitated.. 
The  presence  of  cupric  chloride  in  the  solution  of  the  sodic  chloride  does  not 
prevent  the  liquid  from  being  employed  again  for  the  extraction  of  chloride  of 
silver  from  fresh  portions  of  the  roasted  ore. 

Another  important  improvement  in  the  operation  was  made  by  ZiervogeL  He 
avoids  the  preparation  of  argentic  chloride  entirely,  and  merely  roasts  the  sul- 
phurous ores  in  such  a  manner  that  the  sulphates  of  iron  and  copper  are  com- 
pletely decomposed,  whilst  the  argentic  sulphate,  which  withstands  a  much 
higher  temperature,  remains  undecomposed  in  the  mass.  In  this  operation  the 
powdered  ore  is  roasted  till  it  gives  ofi  no  odour  of  sulphurous  anhydride,  and 
yields  no  sensible  amount  of  cupric  sulphate  when  thrown  red  hot  into  water  : 
boiling  water  then  dissolves  out  the  argentic  sulphate,  but  the  oxides  of  copper 
and  iron  remain  undissolved.  The  silver  is  precipitated  from  the  liquid  by 
means  of  metallic  copper  as  before.  A  small  quantity  of  silver  is  still  retained 
in  the  undissolved  residue,  from  which  it  may  be  advantageously  extracted  by 
the  method  of  Augustin.  Both  these  processes  have  been  patented  and  practised 
on  a  large  scale  in  England. 

Percy  has  suggested  the  use  of  sodic  hyposulphite  as  a  solvent  for  argentic 
chloride.  The  mineral  afler  roasting  with  sodic  chloride  is  washed  first  with  hot 
and  then  with  cold  water,  and  ailerwards  is  digested  in  a  dilute  solution  of  the 
alkaline  hyposulphite,  which  dissolves  the  argentic  chloride ;  from  this  solution 
the  silver  is  precipitated  as  sulphide,  by  means  of  sodic  sulphide,  whilst  sodic 
hyposulphite  is  reproduced  as  before. 

(933)  ^ffierican  Process  of  Amalgamation, — In  the  mining 
districts  of  Mexico  and  Chili,  where  fuel  is  expensive,  and  where 
ores  are  often  worked  of  a  much  poorer  description  than  in 
Europe,  the  process  of  amalgamation  is  different.  A  good  deal 
of  the  silver  occurs  in  the  native  state,  so  that  it  unites  directly 
with  the  mercury.  The  mineral  is  stamped  and  ground  to  a 
fine  powder  in  mills,  then  moistened  with  water,  and  mingled 
with  from  I  to  5  per  cent,  of  salt ;  the  mixing  is  effected  hy  the 
trampling  of  horses  during  6  or  8  hours.  The  ore  thus  blended 
with  the  salt  is  allowed  to  remain  imdisturbed  for  some  days,  after 
which  an  addition  of  ^-^  or  -y-^  of  its  weight  of  what  is  techni- 
cally termed  magistral  is  made.  This  substance  consists  of  roasted 
copper  pyrites,  and  contains  about  lo  per  cent,  of  cupric  sulphate, 
the  remainder  being  ferrous  sulphate  and  other  impurities; 
mercury,  to  the  extent  of  twice  the  quantity  of  silver  that  the  ore 
contains,  is  then  added,  the  mixture  being  effected,  as  before,  by 
the  trampling  of  horses.  It  is  again  allowed  to  rest  for  1 6  or  20 
days :  during  this  period  a  considerable  portion  of  the  silver  be- 
comes  united  with  the  mercury,  forming  a  hard,  brilliant  amal- 
gam, and  at  the  same  time  a  large  quantity  of  calomel  is  formed. 
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Another  equal  quantity  of  mercury  is  added^  and  a  still  longer 
interval  of  rest  is  allowed ;  then  a  third  dose  of  mercury  to  the 
same  extent  follows ;  by  this  last  addition  a  fluid  amalgam  is  ob- 
tained^ which  is  separated  by  washings  filtered^  and  the  mercury 
is  expelled  from  the  silver  by  distillation.  The  quAntity  of  mer- 
cury consumed  in  this  process  varies  from  130  to  150  parts  for 
each  100  parts  of  silver  extracted^  great  waste  being  incurred 
owing  to  the  formation  of  calomel^  which  is  not  recovered.  It  is 
calculated  that  up  to  the  close  of  the  last  century,  6  million  cwt. 
of  mercury  had  thus  been  lost  by  the  processes  adopted  in  the 
American  mines  in  the  course  of  aoo  years.* 

The  theory  of  this  operation  is  rather  obscure.  The  cupric 
sulphate  of  the  magistral^  and  the  sodic  chloride  decompose  each 
other^  cupric  chloride  and  sodic  sulphate  being  formed.  Cupric 
chloride,  in  the  presence  of  metallic  silver,  is  converted  into 
cupreous  chloride,  whilst  argentic  chloride  is  produced ;  2Cu"Clj+ 
Ag2=Cu'2Cl2-|-2AgCl.  When  cupreous  chloride,  with  excess  of 
common  salt  and  water,  is  brought  into  contact  with  ai^ntic 
sulphide,  the  cupreous  chloride  is  dissolved  by  the  solution  of 
sodic  chloride ;  this  solution  of  cupreous  chloride  decomposes  the 
argentic  sulphide,  and  is  converted  into  cupreous  sulphide,  whilst 
argentic  chloride  is  formed ;  Cu'^Cl^  -f  AggS  =  Cu'^S  -f  2 AgCl. 
The  excess  of  salt  dissolves  the  argentic  chloride,  and  the  addition 
of  mercury  decomposes  this  dissolved  chloride ;  calomel  is  formed, 
and  an  amalgam  of  silver  is  procured;  2AgCl  +  2Hg==2HgCl+ 
Agg.  If  too  much  magistral  be  added,  an  excess  of  cupric 
chloride  (CuCl^)  is  produced ;  this  state  of  the  mixture  is  easily 
perceived,  for  in  such  a  case  the  globules  of  mercury  in  the  mix- 
ture appear  to  be  too  minutely  divided ;  the  addition  of  lime  then 
becomes  necessary  in  order  to  decompose  the  excess  of  the  cupric 
chloride,  otherwise  this  salt  would  reconvert  the  silver  into 
chloride,  and  the  mercury  into  calomel. 

(934)  Separation  qf  Silver  from  Copper  by  Liquation. — ^It  occasionallj 
happens  that  a  oofper  ore  contains  a  considerable  amount  of  silver,  which,  under 
certain  circumstances,  it  may  be  desirable  to  extract  by  the  process  of  liquatum. 
For  this  purpose  the  copper,  having  been  brought  to  the  stage  of  blistcv  copper 
(870),  is  melted  with  from  3  to  4  times  its  weight  of  lead :  the  mixture  is  otst 


*  Dumas  proposes  to  recover  this  mercury  by  treating  the  washed  residae 
with  a  quantity  of  chloride  of  lime  or  sodic  nitrate,  proportioned  to  the  mercorf 
they  contain,  then  adding  hydrochloric  acid  in  slight  excess ;  the  calomel  would 
thus  be  converted  into  corrosive  sublimate.  This  is  to  be  removed  by  methodied 
washing,  and  the  mercury  precipitated  by  copper.  The  solution  of  copper 
thus  obtuned  would  furnish  the  magistral  required  for  a  new  operation  npoa 
fresh  ore 
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iiito  circular  ingt)i8  in  iron  moalds,  which  suddenly  cool  the  alloy,  and  cauae  it  to 
aolidify  before  the  copper  and  lead  have  time  to  separate  from  each  other.  The 
proportion  of  lead  should  not  be  less  than  500  times  that  of  the  silver  in  the 
nuMs.  These  cakes  are  then  subjected  to  the  action  of  a  moderate  heat;  the 
lead,  combined  with  nearly  ail  the  silver,  and  a  small  proportion  only  of  copper, 
grradoally  runs  from  the  mass,  leaving  a  spongy  residue,  consisting  chiefly  of 
copper,  but  still  retaining  a  small  proportion  of  lead.  The  argentiferous  lead  is 
afbcnrwards  subjected  to  the  process  of  cupellation,  whilst  the  copper  from  which 
it  has  been  separated  is  subjected  to  a  patient  roasting  in  order  to  oxidize  the 
Temainder  of  the  lead,  and  it  is  then  refined  much  in  the  usual  manner. 

(935)  Plating  and  Silvering. — Silver  is  frequently  employed 
to  give  a  coating  to  the  surface  of  less  expensive  metals.  Goods 
so  prepared  are  said  to  be  plated,  if  the  proportion  of  silver  be 
considerable^  and  silvered  if  it  be  small.  Plating  on  copper  is 
effected  by  polishing  the  upper  surface  of  the  ingot  which  is  to  be 
plated^  and  then  placing  upon  it  a  bright  slip  of  silver^  the  super- 
ficial area  of  which  is  a  little  smaller  than  that  of  the  copper 
which  it  is  intended  to  cover :  the  thickness  of  the  plate  of  silver 
in  proportion  to  that  of  the  copper  varies  with  the  value  of  the 
goods.  The  compound  ingot  is  then  exposed  to  a  temperature 
just  below  the  fusing-point  of  the  silver^  which  softens  at  its 
surface.  By  hammering  or  rolling  out  at  this  high  heat,  the  two 
metals  are  sweated  together,  as  it  is  termed,  and  become  insepa- 
rably united.  No  solder  is  used  in  this  process,  but  a  small 
portion  of  powdered  borax  is  placed  round  the  edge  of  the  silver 
to  prevent  the  surface  of  the  copper  from  becoming  oxidated. 
The  ingot  is  then  rolled  until  it  is  reduced  to  the  required  degree 
of  tenuity. 

Plating  on  steel  is  effected  rather  differently.  The  article  (a 
dessert  knife,  for  example)  having  been  first  brought  to  the  shape 
required,  is  tinned  upon  its  surface,  and  then  a  slip  of  silver  foil 
is  soldered  on.  After  the  silver  has  been  attached,  the  super- 
fluous portion  is  removed,  and  the  article  is  finished  up  and 
polished. 

These  methods  of  plating  have,  however,  been  in  a  great 
degree  superseded  by  the  process  of  electro-plating,  in  which  the 
silver  is  deposited  upon  the  surface  by  voltaic  action  (295). 

Silvering  may  be  effected  either  by  the  toet  or  by  the  dry 
method.  The  wet  method  is  usually  adopted  for  such  purposes  as 
the  silvering  of  thermometer  scales.  It  is  generally  executed 
either  on  brass  or  on  copper:  the  surface  of  these  metals  is 
cleaned  by  dipping,  or  momentary  immersion  of  the  articles  in 
nitric  acid,  to  remove  the  film  of  oxide  which  always  forms  from 
exposure  to  the  atmosphere,  even  for  a  few  hours.  After  rinsing 
them  in  water  to  remove  the  nitric  acid,  they  are  rubbed  over 
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with  a  mixture  of  loo  parts  of  cream  of  tartar^  lo  of  argentic 
chloride^  and  i  part  of  corrosive  sublimate.  The  mercury  appears 
to  act  as  a  kind  of  solder  to  the  silver^  the  copper  combining  with 
the  chlorine  both  of  the  chloride  of  silver  and  of  the  sublimate ; 
the  surface  is  afterwards  polished. 

Dry  silvering  is  eflfected  by  dissolving  a  certain  quantity  of 
silver  in  mercury ;  the  ^  dipped'  articles  are  agitated  with  a  por- 
tion of  this  amalgam^  which  thus  becomes  diffused  uniformly  over 
the  surface.  By  the  application  of  heat  the  mercury  is  expelled^ 
leaving  a  very  thin  film  of  silver  behind :  on  polishing  the  trinkets 
a  bright  silvered  surface  is  obtained. 

(936)  Silvering  qf  Mirrors, — Some  of  the  salts  of  silver  when  rendered 
■lightly  ammoniacal  and  mixed  with  certain  organic  Bolutions,  rach  aa  aldehjd  or 
grape-sngar,  are  reduced  to  the  metallic  state,  the  silver  being  depoaited  npon 
the  surfaceii  of  glass  vessels  in  which  the  experiment  is  made,  in  the  form  of  a 
brilliant,  adhering,  miiTor-like  coating.  Mr.  Drayton  some  years  ago  proposed 
to  apply  this  observation  to  the  silvering  of  mirrors  npon  a  large  scaloy  as  the 
coating  adapts  itself  not  only  to  flat  surfaces,  but  to  those  also  which  are 
curved,  or  cut  into  patterns.  This  process  is  now  successfully  practised  in  Ihik, 
as  follows : — 40  grms.  of  pure  neutral  argentic  nitrate  are  dissolved  in  80  c.  c  of 
water.  To  this  solution  are  added :  ist,  5  c.  c.  of  a  liquor  prepared  from  25 
parts  of  distilled  water,  10  of  ammonic  sesquicarbonate,  and  10  of  a  aohitioB 
of  ammonia  of  sp.  gr.  0980 ;  2nd,  2  0.  0.  of  a  solution  of  ammonia  of  t^  gr. 
0'98o ;  and  3rd,  1 20  grms.  of  alcohol  of  sp.  gr.  0*850.  The  mixture  ia  left 
at  rest  to  become  clear.  The  liquid  is  decanted  or  filtered,  and  a  mixture  of 
equal  parts  of  alcohol  (sp.  gr.  0*850)  and  oil  of  cassia  is  added  in  the  proportioa 
of  I  part  of  this  essence  qf  cassia  to  15  parts  of  the  solution  of  silver ;  the  mis* 
ture  is  agitated  and  left  to  settle  for  several  hours,  afler  which  it  is  filtered.  Jiui 
before  pouring  it  upon  the  glass  to  be  silvered,  it  is  mixed  with  -^  of  its  bulk  of 
essence  qf  cloves  (composed  of  i  part  of  oil  of  cloves,  and  3  of  alcohol,  sp.  gr. 
0*850).  The  glass,  having  been  thoroughly  cleansed,  is  covered  with  tlie  dlve^ 
ing  liquid,  and  warmed  to  about  104*'  (40^  C.)>  at  which  temperature  it  ia  main- 
tained  for  two  or  three  hours :  the  liquid  is  then  decanted,  and  may  be  emplojed 
for  silvering  other  glasses.  The  deposit  of  silver  upon  the  glass  is  washed,  dned, 
and  then  varnished.     (Pelouze  and  Fremy,  Traits  de  Chimie,  2nd  ed.,  iii.  347). 

An  alcoholic  solution  of  grape-sugar  produces  the  same  result,  if  anbatitutad 
for  the  oils  of  cassia  and  cloves,  but  the  deposit  occurs  much  more  alowly. 
Liebig's  method  of  reducing  an  ammoniacal  solution  of  argentio  nitrate  alkaliaed 
with  soda  or  potash,  by  means  of  milk-sugar,  at  ordinary  temperaturea,  has  be60 
successfully  applied  by  SteinheU,  in  the  following  manner,  to  the  aUvering  of 
mirrors  for  telescopes  (Liehig*s  Annal.  xcviii.  132) : — Dissolve  in  200  meftiurei 
of  water  1^  of  their  weight  of  pure  argentic  nitrate,  and  add  to  the  liquid  a  so- 
lution of  caustic  ammonia  in  quantity  just  sufficient  to  redissolTe  the  aigentk 
oxide  which  is  at  first  precipitated ;  add  to  this  solution  450  measures  of  a  sok- 
tion  of  caustic  soda  (of  sp.  gr.  1*035)  ^^  ^^  chloride,  and  immediately  redit- 
solve  the  dark-brown  precipitate  thus  produced,  by  the  cautioua  addilioa  of 
caustic  ammonia,  after  which  dilute  the  liquid  with  water  to  1450  measarei; 
then  add  a  solution  of  argentic  nitrate  till  a  decided  permanent  grey  precipitate 
is  formed,  and  finally  pour  in  water  till  the  mixture  occupies  exactly  1500  nea- 
sures :  then  leave  it  to  stand,  and  decant  the  clear  Ijguid.  Immediate^  belbia 
the  Bolation  is  to  \)e  usn^,  \\>  \a  \a  Via  mixed  with  an  eighth  or  a  tasth  of  iU 
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▼olume  of  a  Rolation  of  milk-ragar  in  ten  times  its  weight  of  water.  The  m)1u« 
tion  ia  to  he  placed  in  a  shallow  vessel,  and  the  glass  to  he  silvered  supported 
jnat  at  the  surface  of  the  liquid :  a  heautiful  coherent  film  of  silver  is  deposited 
upon  the  under  surface  of  the  glaiss,  and  a  copious  precipitation  of  silver  occurs 
upon  the  sides  of  the  vesseL 

Another  very  good  method  of  silvering  glass  is  that  of  Petit-Jean  {Ckem, 
Ouz^  1856,  p.  319),  in  which  an  ammoniacal  solution  of  tartrate  of  silver  is 
employed  at  a  gentle  heat ;  hy  using  a  solution  of  auric  ammonio-dtrate,  it  is 
easy  to  gild  upon  glass ;  and  in  a  similar  manner  the  surface  may  he  platinized 
if  a  solution  of  sodio-platinic  tartrate  he  employed. 

(937)  Alloys  of  Silver. — ^Various  alloys  of  silver  may  be  ob- 
tained with  facility^  but  the  only  one  extensively  used  is  the  alloy 
of  silver  with  copper.  Pure  silver  is  too  soft  for  ordinary  uses, 
such  as  the  fabrication  of  coin,  and  jeweller's  work,  and  would 
soon  waste  by  the  constant  firiction  it  would  experience.  In  order 
to  confer  a  sufficient  degree  of  hardness  upon  the  silver,  it  is  com- 
bined with  a  small  quantity  of  copper.  The  proportion  of  copper 
in  the  '  standard'  silver  employed  for  coinage  varies  in  different 
countries :  in  England  it  amounts  to  7*5  per  cent.,  in  France  to 
10  per  cent.,  and  in  Prussia  to  25  per  cent.  English  standard 
silver  has  a  density  of  10*30. 

Experience  has  shown  that  an  alloy  of  silver  and  copper,  however  carefully 
the  two  metals  he  incorporated,  undergoes  a  species  of  liquation  during  the 
alow  solidification  of  the  melted  mass :  when  cast  into  ingots,  the  interior  parts 
of  the  hars  have  a  composition  different  from  that  of  the  superficial  portions, — a 
oircttmstance  of  some  importance  in  the  preparation  of  standard  silver  for  the 
pnrposes  of  coinage.  The  only  alloy  in  which  this  partial  separation  of  the  two 
•metals  was  found  not  to  occur  is  stated  hy  Levol  {Ann,  de  Ckimie,  III.  zzxvi. 
220),  to  consist  of  719  parts  of  silver  and  a8i  of  copper,  corresponding  to  the 
formula  Ag,Cu,.  This  liquation  is  comparatively  trifling  in  amount  in  hars 
which  contain  950  parts  of  silver  and  upwards  in  1000 :  in  hars  which  contain 
a  larger  proportion  of  silver  than  719  in  1000  of  alloy,  the  central  portions  of 
the  ingot  were  found  to  he  richer  than  those  upon  the  surface ;  hut  in  the  alloys 
of  lower  value  the  proportion  of  silver  was  greatest  on  the  surface  of  the  ingot. 

Silver,  when  alloyed  with  many  of  the  metals  in  small  quan- 
tity, is  rendered  brittle  and  unfit  for  the  purposes  of  coinage. 
This  is  the  case,  for  instance,  when  the  silver  contains  tin,  zinc, 
antimony,  bismuth,  lead,  or  arsenicum.  These  metals  are,  how- 
ever, all  easily  removed  in  the  ordinary  course  of  refining.  The 
alloy  used  as  a  solder  for  silver  consists  of  6  parts  of  brass,  5  of 
silver,  and  2  of  zinc.  Silver  appears  to  have  the  power  of  dis- 
solving its  sulphide :  a  quantity  of  sulphide  not  exceeding  i  per 
cent,  renders  the  mass  so  brittle  that  it  cannot  be  rolled. 

(938)  Assay  of  Silver  by  Cupellaiion. — From  the  high  price  of 
silver,  compared  with  that  of  the  metals  used  to  harden  it,  it  has 
become  an  object  of  great  importance  to  be  able  to  determine  with 
facility  and  with  acciuracy  the  proportion  of  silver  in  any  compound. 
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Jeweller's  silver  must  according  to  law  be  of  a  certain  degree  of 
fineness.  In  this  country  each  article,  previously  to  b^g  sold, 
is  tested  at  Goldsmith's  Hall,  and  if  approved  is  stamped.  The 
method  of  testing  commonly  employed  is  termed  ant^finff  or  eupeU 
lalion.  In  principle  it  depends  upon  the  property  possessed  by 
lead  of  ahsorhing  oxygen  at  a  high  temperature,  and  of  forming 
uith  it  an  easily  fusible  oxide,  which  imparts  oxygen  with  facili^ 
to  all  those  metals  which  yield  oxides  not  reducible  by  heat  alone. 
Most  of  the  oxides*  thus  formed  unite  with  plumbic  oxide,  and 
produce  a  fusible  glass  which  is  easily  absorbed  by  a  porons 
crucible  made  of  burnt  bones,  termed  a  cupel;  whUst  any  silver 
that  the  mixture  contains  is  left  behind  in  a  bright  globule,  which 
atlmits  of  being  accurately  weighed.  The  cupel  and  its  contents 
are  shown  in  section  in  fig.  368.  These  cupels  are 
10^306.  prepared  from  bone  ash  (burnt  to  whiteness,  and 
I  ground  to  a  fine  powder),  by  moistening  it  with 
water :  a  suitable  quantity  of  the  mixture  is  placed 
in  a  mould,  and  the  required  form  and  coherence 
are  given  to  it  by  the  blow  of  a  mallet  or  of  a  press :  the  cupels 
are  allowed  to  dry  thoroughly  before  they  are  used.  The  assay 
may  be  conducted  upon  i  granune  of  silver. 

PW369  Tbeplanofproowdingi. 

'      _  M  follow*  ^~-In  a  oonTeiueDt 

fnmaee,  *nch  u  ia  ibawn  in 
■ection  li  ^  x,  Sg.  369,  ii 
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tiniB  aocaratelj  weighed,  and 
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Lit'^-'^^Si^iS^^  —    ::r::xa^^^^^     which  vartei  with  tha  poritj 
of  the  alloy;   the  larger  the 
proportion  of  foreign  metala  that  it  aoDt«ins,  the  greater  ii  the  qoantitj  of  lad 


*  Oxides  of  Un,  zinc,  nickel,  and  iroo,  do  not  form  a  fuiible  combinatioa  with 
litharge,  and  the  alloja  whioh  theaa  metali  yiM  with  nlrer  are  oonaequautlj  not 
adapted  lor  oapelUUon. 
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liMed.  Each  piece  for  assay  is  now  placed  in  its  allotted  cupel,  by  means  of  a 
limg  pair  of  tongs.  It  fuses  qaickly ;  fames  of  plumbic  oxide  are  seen  rising 
from  the  cupels,  but  the  greater  part  of  the  oxide  is  absorbed  by  the  cupel,  and 
the  silver  is  left  behind  in  a  state  of  parity.  At  the  moment  that  the  Ust  por- 
tion of  lead  undergoes  oxidation,  the  surface  of  the  silver  flashes,  or  lightens  as 
it  18  technically  termed,  owing  to  the  cause  already  explained  (892).  This  phe- 
nomenon indicates  that  the  process  is  completed.  The  button  is  allowed  to  cool 
▼ery  gradually,  to  prevent  the  loss  of  silver  by  dispersion  from  spitting  (931) ; 
it  is  then  detached  from  the  cupel,  brushed,  and  accurately  weighed.  If  the 
piece  of  alloy  originally  taken  weighed  i  gramme,  the  weight  of  the  button  in 
milligrammes  gives  the  number  of  parts  of  silver  in  1000  parts  of  alloy.  A 
minute  quantity  of  silver  always  passes  into  the  cupel  during  the  process,  for  which 
an  allowance  must  be  made  in  weighing  the  button ;  and  if  the  proportion  of 
lead  be  too  great  this  loss  is  increased,  but  if  too  little  be  used,  part  of  the  copper 
is  left  in  the  bead.  Upon  an  alloy  which  contains  925  parts  of  silver  to  75  of 
oopper,  the  loss  is  about  4  per  1000 ;  and  upon  silver  which  contains  900  parts 
in  1000,  the  loss  on  the  button  is  about  5  parts  in  1000.  In  order  to  be 
able  to  estimate  the  amount  of  this  loss  in  each  operation,  the  best  plan  is  to  pass 
three  or  four  proofs  with  each  set  of  assays.  These  proofs  consist  of  pieces 
of  fine  silver  of  known  weight,  which  are  mixed  with  quantities  of  lead 
and  copper,  approximatively  of  the  same  amount  as  those  present  in  the  assays 
under  trial.  The  loss  experienced  by  these  proofs  affords  a  method  of  checking 
the  results  of  the  assay.  The  amount  of  this  loss  varies  with  the  tempe- 
rature. 

The  most  convenient  system  of  reporting  the  fineness  of  silver  is  the  decimal 
method,  which  is  employed  in  most  countries  with  the  exception  of  England. 
The  practice  of  reporting  both  gold  and  silver  decimally  was  introduced  a  few 
years  ago  by  Sir  J.  Herschel  into  the  Mint  of  this  country,  and  it  probably  will 
gradually  supersede  the  cumbrous  and  artificial  method  which  is  still  generally 
employed  by  the  English  absayers.  Upon  the  decimal  system,  fine  silver  is 
termed  1000*0,  and  the  report  upon  any  .sample  of  alloy  simply  indicates  the 
number  of  parts' of  pure  silver  in  1000  which  it  contains.  Thus  English 
standard  silver  contains  925  parts  of  silver,  and  75  of  copper  in  1000  of  the  alloy. 
French  standard  contains  900  parts  of  silver,  and  100  of  copper  in  1000  of 
alloy.  English  standard  would  therefore  be  reported  as  925 ;  French  standard 
as  900. 

The  proportions  of  lead  which  are  generally  employed  for  the  cupellation  of 
different  alloys  are  the  following : — 
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A  skilful  assayer  will  generally  be  able  at  once  to  determine  the  comparative 
fineness  of  an  article  from  its  mere  appearance,  and  will  judge  accordingly  of 
the  proportion  of  lead  which  it  will  require.  Great  care  is  needful  in  regulating 
the  temperature  of  the  furnace  during  the  cupellation  ;  if  too  high,  a  part  of  the 
silver  will  be  lost  by  volatilization ;  if  too  low,  portions  of  lead  and  copper  are 
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liable  to  be  retained.  Wben  the  amay  is  properly  performed,  tbe  batioQ  is  bril- 
liant,  well  rounded,  free  from  irregularitiee,  and  somewhat  granular  apoa 
itt  BurfiMe:  it  is  readily  detached  from  the  oapeL  If  the  assay  adhens 
strongly  to  the  cnpel,  or  is  irregular  in  its  outline,  it  retains  a  p<Hrtioii  of  the 
alloy. 

(939)  Assay  of  Silver  by  the  Humid  Process. — ^The  results  of 
the  process  of  the  assay  by  cupellation^  even  in  experienced  hands, 
may  vary  as  much  as  2  parts  in  1000 :  this  circumstance  induced 
Gray-Lussac  to  contrive  a  different  method,  which  is  now  adopted 
not  only  in  the  IVench  Mint,  but  is  employed  in  the  Mints  of 
Great  Britain  and  the  United  States,  as  well  as  in  almost  all  the 
Mints  of  Europe :  it  admits  of  an  accurate  estimate  of  the  value 
of  an  alloy  to  within  0*5  in  1000.  This  process  depends  upon 
the  solution  of  the  alloy  in  nitric  acid,  the  precipitation  of  the 
silver  from  the  nitrate  in  the  form  of  an  insoluble  chloride,  and 
the  measurement  of  the  amount  of  a  standard  solution  of  sodic 
chloride  which  is  required  to  effect  the  complete  precipitation  of 
the  silver  in  a  given  weight  of  the  alloy.  Argentic  chloride  easQy 
collects  into  dense  flocculi  by  agitation  in  a  solution  which  ii 
acidulated  with  nitric  acid,  and  which  contains  no  excess  of 
soluble  chlorides ;  so  that  the  exact  point  at  which  the  precipitate 
ceases  to  be  formed  is  readily  perceived. 

A  solution  of  common  salt  is  prepared  of  such  a  strength  that 
100  grammes  of  it  are  exactly  sufficient  to  precipitate  i  gnn.  of 
pure  silver,  i  grm.  of  the  alloy  for  examination  is  placed  in  a 
stoppered  bottle  capable  of  holding  about  200  c.  c,  or  7  oz.  of 
water,  and  by  the  aid  of  a  gentle  heat,  is  dissolved  in  8  c.  c.  of 
nitric  acid  of  specific  gravity  1*25:  the  solution  of  salt  is  then 

placed  in  a  burette  (fig.  370)  capable  of 
^  m.  370.  holding  rather  more  than  100  c.  c.     The 

burette,  when  filled  with  the  solution,  is 
weighed  before  being  used,  and  the  liquid 
is  added  to  the  argentic  nitrate  in  the 
bottle;  when  it  is  supposed  that  the 
silver  is  nearly  all  precipitated,  the  liquor 
is  briskly  agitated  in  the  bottle,  and  the 
precipitate  is  allowed  to  subside;  a  drop  or  two  more  of  the 
solution  of  salt  is  then  added :  if  a  precipitate  be  produced,  the 
liquid  is  again  agitated ;  and'  when  clear,  more  of  the  solution  is 
added,  as  before,  so  long  as  any  turbidity  is  produced  by  the  ad- 
dition. When  a  cloud  ceases  to  be  formed,  the  proportidn  of 
solution  of  salt  which  has  been  added  is  ascertained  by  weighing 
the  burette  a  second  time.     The  number  of  decigranmies  of  the 
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■oliition  employed  indicates  the  degree  of  finenefls  of  the  alloy  ia 
thouBandths.'*' 


Fio.  371. 


When,  u  id  the  ussj  of 
hm  for  coin  or  for  jeweller'i 
work,  k  lu^  number  of 
uujB  miut  be  execated,  ill 
very  neulj  of  uniform  fint* 
DMi,  the  operation,  may  be 
reduced  to  a  lyBtem  by  which 
its  predtion  may  be 
creased,  at  the  Bsme  time 
that  it  is  rendered  much  \ 
more  eaayof  ezeontion.  ] 
this  pDTpoee,  two  aolutioiu 
ot  aalt  are  empbyed ;  one, 
the  ttandard  solution,  con- 
t«ningiD  laao.c.aanfficient 
quantity  of  commercial  sodio 
chloride  to  precipitate  i  ^rm, 
of  Bilrerit  the  second  solu- 
tion, the  decimal  lolution, 
hariog  one-tenth  of  the 
strength  of  the  first,  and 
bring  prepared  by  dilating 
I  litre  of  the  atandard  «olu- 
tion  with  9  litre*  of  water. 
These  Mlationa  are  to  be 
preserred  in  well-closed  bot- 
tle*. The  standard  sotntion 
is  prepared  in  large  quanti- 
ties at  a  time,  and  kept  in 
stoneware  jars,  a,  fig.  371, 
capable  of  containing  from 
9oto  laj  litres  (ao  or  a j 
gallons) :  i  is  a  tube  open  at 
both  ends,  which  passes 
nearly  to  the  bottom  of  the 
jar,  to  admit  air,  whilst  the  liqnid  b  drawn  off  by  the  atopcodk,  e,  without  allowing 
any  loss  by  eraporation ;  t{  is  a  gauge  by  which  the  quantity  of  liquid  within  ia 
indicated.  A  series  of  bottles,  capable  ot  oontuning  ibont  aoo  a.  &  (7  otmcea) 
each,  is  fitted  with  groand  stoppers,  nombered  conseoutirdj  bom  i  npwards : 

*  In  the  Calontta  Hint  this  precipitate  is  washed  by  sabridence  in  the  ressel 
in  whiob  it  is  formed,  and  ia  then  collected  in  a  small  poreelain  crucible,  as  in  the 
proOBsa  of  collecting  gold,  in  the  operation  of  parting  (pjS).  The  chloride  ia 
dried,  and  then  weighed,  and  the  correBpondiug  value  of  tlte  ^ver  is  calcniated. 

t  This  solution  contains  approzimatiTely  j'416  gnns.  of  sodic  chloride  per 
litre :  but  as  the  commertnal  salt  contains  magneaic  chloride,  the  exact  strength 
must  be  determined  by  dissolving  a  gramme  of  fine  silver  in  acid,  and  precipi< 
taling  it  by  the  addiUon  of  100  0.  e.  of  the  solution,  aioertMning  the  amount 
of  the  eioess  or  deGcienoy  of  chloride  in  the  manntt  about  to  be  detailed,  and 
then  adding  water  or  salt  an  may  be  needed. 
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intotacb  bottle  i  ^nn.  of  the  alloj  for  aauf  u  wnghed ;  8  o.  o.  of  Qitrie  acid  an 

added  to  each  bottie,  which  u  plooed  in  a  shallow  Teaael  ocmtuniDg  water,  and  gra> 

dualljnuaed  to  the  boiling-point;  in  ten  miiintei  the  allodia  oompletfl;  diswlf  ed. 

The  precipitation  of  the  ailTer  in  the  form  of  chbride  ia  then  effected  by  the 

aid  of  the  appaiatui  now  to  be  described  : — g,  fig.  37  li  U  a 

Fio.  371.         gigg,  pipette  which  can  be  filled  with  the  Rtandard  soln^n. 

The  quantitj  of  liquid  introduced  into  the  pipette  ii  regulated 

bj  roeana  of  the  atopcock,  e  f,  the  peculiar  oonatmotion  <f 

which  ia  ahowa  on  a  larger  acale  la  fig.  373,  in  which  » 

tepree«nta  an  ordinaiy  (tt^eook  (copstmcted  of  ulver  to  r^ 

Hilt  the  action  of  the  aotntion),  tenninatiDg  below  in  a  long 

tube,  e;  at^i*  an  opening  for  the  eiicape  of  air,  which  can 

be  closed  at  pleaanre  bj  the  plug,  a.     Suppoiie  it  be  desired 

to  fill  the  pipette,  y,  Gg.  371  i  the  lower  opening  of  the  pipette 

is  closed  bj  the  forefinger,  the  solution  is  admitted  bj  opening 

the  stopcock,  ■,  whilat  the  ur  esespea  at  f,  which  ia  open ;  aa 

Hxn  as  the  liquid  has  risen  a  little  above  the  mark,  •>,  both 

the  stopcock,  «,  and  the  plug  at/,  are  doaed,  and  the  finger 

is  withdiawu.     In  tiiis  position  the  pipette  will  retain   its 

charge  for  an  indefinite  time.     The   apparatu*  represented 

itended  to  faoilitate  the  exact  emptying  of  the  pipette ;   the  traj, 

rhich  ita  motion   ia  limited  by  the 

stops  I  and  ft 


A  i,  alidea  aaoily  between  two  groovea,  in 


purtment  for  the  reception 
of  the  assay  bottle,  so  ad- 
justed that  when  the  traj 
rcatu  against  the  atop  m, 
the  pipetto  shall  empty 
itself  into  the  bottle  with-, 
out  wetting  ita  neck ;  t  ia 
another  compartment  fur 
receiving  the  superfluous 
aolution  of  salt,  and  k  re- 
presents a  piece  of  sponge, 
the  oliject  of  which  ia  to 
remove  the  drop  which 
iianga  to  the  lower  end  of 
the  pipette;  the  atop  I  ia 
aa  ptaoed,  that  when  the 
slide  resta  againat  it,  the 
sponge  shall  j  uat  touch  the 
lower  extremity  of  ths 
{npette.  The  sponge,  jt, 
having  been  bniugbt  to 
touch  the  loww  end  of  the 
pipette,  the  plug  at  y  is 
slightly  relaxed  to  allow 
the  air  to  enter,  and  a  por- 
tion of  the  liquid  gnidu- 
iilly  to  escape,  until  it  hat 
Jullen  exactly  to  the  mark  ■• 
Tlw  elide  ia  now  moved 
until  the  bottia,  i,  b  i& 
rectly  underoeatli  the  ft 
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pette,  and  on  opening  Qw  ping  at  /  to  ib  fiill  extent,  the  ehuge  Sam  freely 
into  the  bottle. 

SappoM  now  the  object  of  tbe  lanj  )»  to  Meertab  wbethar  a  eertaio 
namber  of  b«n  be  of  the  fineueea  <^  Engliih  standaid  mItst,  or  if  not,  what  ia 
the  amount  of  their  tariatwa  ijrom  *tandard.  Tbe  pipette,  ;,  is  m  graduated 
that  when  filled  np  to  the  mark  «,  it  iball  delirer  euctlj  91'2  c.  o.  of  the 
•tkiidard  lolntioD,  wbicb  will  oonbuo  a  inffioieDt  amount  of  oommon  mU  to  preeipi< 
tate  O'^aa  gramme  of  lilver;  a  qoantit;  which  ia  pnrpoeelj  ntber  ten  than  tbe 
Muj  is  expected  to  contwn :  I  gramme  of  alloy,  if  of  correct  compoaitioD,  ood- 
taining  O'pSj  grm.  of  lilTer.  Wben  each  bottle  in  looceuion  bos  reeeiTed  from 
the  pipette  a  charge  of  exactly  the  same  valne,  the  bottlea  are  tranHferred  to  the 
agitator,  ihown  at  fig.  3J3,  which  ia  anipended  from  an  iron  arm,  d,  between 
two  rtning  apringa,  «,  a,  made  of  raloanized  oaoatobooe.  Thia  agitator  i* 
nauallj  oonitTncted  to  contain  lo  bottlea,  which  arc  lodged  in  the  compartmenta, 
a,  a  I  tbe  itoppera  are  lecured  in  tbinr  plaoei  bj  tbe  Time,  b,  b,  one  of  whioh  ii 
aepreaented  in  tbe  figure  ai  thrown  back  for  the  admiMton  of  the  bottles;  tbe 
rima  when  dnaed  are  oonfined  by  the  Rprings  ahown  at  e,e.  On  agitating  the 
apparatus  briskly  for  60  or  8o  aeeooda,  tbe  tolatioiu  become  clear,  and  the 
bottlei  are  removed  from  the  agitator,  and  transferred  to  a  stand,  behind  which 
ia  a  blauk  t>oai4  divided  into  10  numbered  oompartmenti,  each  bottle  being 
placed  oppoeite  the  compartment  which  correaponds  with  ita  nnmber. 

The  adjustment  of  tbe  remaining  portion  of  tbe  aasaj  is  made  by  maana  of 
tiie  decimal  toltitiim.  Thia  i*  contained  in  a  amall  bottle  <^  from  284  to  540  c.  0. 
(10  or  i>  ouncea)  in  eapadty,  fig.  374.  prorided 
with  a  tobe  or  small  ^pette,  6,  open  at  Ixih  end/,  *^"**  374- 

bnt  drawn  out  to  a  narrow  aperture  below.  On 
thia  small  pipette  a  mark,  c,  is  made  at  a  height 
corresponding  exactly  to  I  c.  c.  of  the  liqnid,  i  a  0.  of 
this  solution  containing  suffiment  chlorine  to  pre- 
cipitate I  milligtamme  of  aiker. 

The  assayer  now  plungea  this  small  [upette 
into  the  decimal  solution,  and  cloMog  the  upper 
opening  of  the  tobe  with  his  forefinger,  partially 
withdraws  it  from  the  bottle,  and  allows  the  liquid 
to  escape  until  it  stands  exactly  at  the  line  of  the 
graduation,  e;  he  then  transfers  the  pipette  to  the 
first  bottle,  and  allows  the  eolation  to  flow  into  it. 
Tbe  same  operation  is  repeated  with  each  assay 
bottle  in  succession,  A  mark  ia  n^it  made  with  B  piece  of  chalk,  opponite  to 
each  bottle  in  which  a  precipitate  ia  occasioned.  These  bottles  are  then  replaced 
in  the  agitator  and  shaken  a  second  time ;  the  solutions  having  thus  again  been 
rendered  clear,  are  replaced  npon  the  table,  and  a  second  [apette  of  the  decimal 
solution  is  added  to  each  of  tbe  bottles  in  which  a  precipitate  was  first  produced. 
This  operation  is  repeated  until  in  each  bottle  no  further  precipitate  is  occasioned. 
The  contents  of  the  pipette,  g,  of  the  standard  solution,  which  hare  been  added 
to  each  assay,  occasion  a  precipitate  out  of  the  I  grm.  equal  to  O'gii,  or  of  923 
parts  out  of  looo  parts  of  alloy.  Each  pipette  of  decimal  solution  is  equivalent 
to  [  Jjj  of  fine  silver  in  the  alloy,  and  by  counting  the  number  of  marks  against 
each  bottle,  reckoning  tbe  last  only  as  equal  to  half  a  tbonaandtb,  since  a  portion 
tit  it  probably  remain*  in  the  liquid  in  excess,  tbe  assayer  ascertains  the  value  of 
each  bar.  If.  for  iniitance,  two  marks  stand  opposite  to  any  bottle,  the  flneneas 
of  tbe  bar  will  be  more  than  QI3,  hut  less  than  924,  and  may  be  reported 

But  aappoae  that  there  be  some  bottles  in  which  the  addition  of  tiw  fimt 
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pipette  of  the  decimal  eolation  prodaces  no  preoipitate ;  these  eainplen  must  be 
either  exactly  of  the  fineness  922,  or  below  that  point.  The  following^  method 
is  adopted  for  completing  the  assay  of  these  samples :  %  decimal  solution  (^silver 
is  prepared  by  dissolying  i  gramme  of  pure  silver  in  nitric  acid,  and  dilating  it 
with  distilled  water  till  tibe  solutioa  occupies  the  bulk  of  1000  c  c.  of  water ;  each 
cab.  centim.  of  this  liquid  will  then  contain  exactly  i  milligramme  of  silver.  A 
bottle  of  this  solution  is  provided  with  a  pipette  similar  to  that  shown  in  fig* 
374,  but  graduated  to  deliver  5  a  c.  of  the  liquid  from  the  mark  d.  Each  of  the 
assay  bottles,  which  indicates  a  fineness  below  922,  is  supplied  with  5  c.  c.  of  this 
decimal  silver  solution,  or  with  5  mgprms.  of  silver ;  a  mark  ~  5  is  made  upon  the 
board  against  each  of  these  bottles.  The  bottles  are  then  agitated  as  before,  and 
a  fresh  dose  of  i  c  c.  of  the  decimal  salt  solution  is  now  added  to  each :  if  a  cloud 
be  thus  produced,  a  mark  is  chalked  against  each  bottle  in  which  a  precipitate  is 
observed,  and  the  bottles  are  again  agitated,  and  another  dose  of  decimal  salt 
liquid  is  added,  and  so  on,  until  a  precipitate  ceases  to  be  formed.  Suppose  that 
the  first  two  pipettes  of  the  solution  produce  a  cloud,  but  the  third  does  not; 
each  bottle,  it  will  be  remembered,  received  a  dose  of  salt  solution  in  the  first 
instance,  as  usual,  in  addition  to  the  quantity  received  after  the  decimal  silver 
solution  was  added;  the  quantity  of  salt  which  has  produced  a  precipitate  is 
therefore  equivalent  to  922  +  i  +  i^,  or  924*5;  but  since  5  of  silver  have  also 
been  added  beyond  that  which  the  alloy  ori^nally  contained,  the  amount  to  be 
reported  becomes  924*5  —  5,  or  the  fineness  of  the  bar  is  919*5*  It  is  preferable, 
in  cases  where  the  bars  are  below  the  standard,  to  add  an  excess  of  silver  solu- 
tion at  once,  and  then  to  estimate  the  excess  of  silver  in  the  manner  above  de> 
scribed  ;  because  if,  instead  of  acting  thus,  successive  doses  of  i  mgrm.  of  silver 
be  added  until  no  further  precipitate  is  formed,  it  becomes  very  difficult  to  render 
the  solution  clear  by  agitation. 

The  Htandard  solution  of  salt  is  prepared  at  a  temperature,  say,  of  15^  C, 
consequently  the  pipette,  y,  will  only  deliver  a  volume  of  liquid  rigorously  equal 
to  922  milligrammes  of  silver,  at  that  temperature.  At  a  higher  temperature 
the  liquid  will  expand,  and  a  given  volume  will  therefore  contain  a  smaller 
amount  of  sodic  chloride,  whilst  at  a  lower  temperature  it  wiU  contract,  and  will 
contain  a  larger  amount.  A  correction  for  this  variation  in  the  strength  of 
the  liquid  is  therefore  required.  This  is  made  very  simply  in  the  followmg 
manner : — Each  time  that  a  number  of  assays  is  made,  a  piece  of  fine  silver, 
equal  to  925  mgrms.,  is  weighed  off,  dissolved  in  nitric  acid,  and  assayed  as 
above  directed.  The  number  of  pipettes  of  the  decimal  solution  of  salt  which  is 
required  to  complete  the  precipitation  is  noted,  and  the  value  of  the  contents  of 
the  large  pipette  of  standard  solution,  g,  is  thus  verified  upon  each  occasion.  If, 
for  example,  2^  pipettes  of  decimal  solution  were  required  for  completing  this 
precipitation,  the  large  pipette  would  deliver  a  quantity  of  the  solution  sufficient 
to  precipitate  922*5  mgrms.  on  that  day,  instead  of  922.  Any  deviation  from 
the  calculated  value  is  allowed  for,  and  a  correction  is  made  upon  the  assays  by 
means  of  a  table  constructed  for  the  purpose. 

It  is  easy  to  apply  this  apparatus  to  the  assay  of  silver  of  other  degrees  of 
fineness ;  but  it  is  necessary  to  know  approximatively  the  value  of  the  alloy,  in 
order  that  a  suitable  weight  of  it  may  be  dissolved  in  nitric  add.  Suppose,  for 
instance,  a  number  of  bars  approximatively  of  the  value  of  900  (the  French  stan- 
dard) are  to  be  assayed :  a  piece  of  the  alloy,  which  contains  approximatively  925 
mgrms.  of  fine  silver,  must  be  taken ;  the  quantity  required  is  easily  oaksolated, 
since  the  weight  of  the  alloy  needed  will  be  inversely  as  ita  fineness;  fiv 
900 :  925  : :  I  grm. :  1*0277  fiT*^^  ^^®  weight  required  in  this  case  will  con- 
Bequently  be  1*0277  S^^* 

Jiercory  in  the  oniV;}  m«b)L  Vltkft  "(PKiKEkfiA  ^  ^bich  interferes  with  the  aeooiaey 
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of  die  uatLj  by  the  hmnid  method ;  but  the  process  may  be  modified  so  as  to 
ghre  oorrect  results  even  in  this  case. 

(940)  Preparation  of  fine  Silver. — In  order  that  the  foregoing 
process  shall  be  accurately  performed,  it  is  necessary  to  be  pro- 
vided with  silver  of  absolute  purity.  The  following  is  one  of  the 
best  methods  of  procuring  the  metal  in  this  condition.  Standard 
silver  is  dissolved  in  nitric  acid :  the  liquid  is  diluted,  and  de- 
canted or  filtered  from  undissolved  particles  of  gold  or  of  argentic 
sulphide,  and  the  solution  is  precipitated  by  the  addition  of  a 
solution  of  sodic  chloride  in  slight  excess.  The  precipitate  is 
washed  in  a  large  jar  by  subsidence,  xmtil  the  washings  are  taste- 
less. The  chloride  is  then  mixed  with  oil  of  vitriol,  in  the  pro- 
]>ortion  of  200  grms.  to  each  kilog.  of  chloride,  and  several  bars 
of  zinc  are  placed  in  the  mass ;  the  zinc  speedily  becomes  con- 
verted into  zincic  chloride,  which  is  dissolved,  whilst  the  silver  is 
reduced  to  the  metallic  state,  and  by  a  voltaic  action  the  reduc- 
tion gradually  extends  through  the  mass;  Zn  +  2AgCl=Ag2 
+ZnCl3.  The  mixture  is  not  to  be  agitated.  In  the  course  of  a 
day  or  two  the  decomposition  is  usually  completed.  If  a  portion 
of  the  reduced  silver,  after  being  thoroughly  washed,  is  entirely 
soluble  in  nitric  acid,  the  reduction  is  complete.  The  bars  of 
zinc,  with  the  crust  which  adheres  to  them,  are  then  carefully 
removed,  and  the  reduced  metal  is  digested  for  two  days  with 
diluted  sulphiiric  acid,  to  remove  any  portions  of  the  basic  salts 
of  zinc  which  are  occasionally  formed,  and  is  washed  in  a  large 
vessel  by  subsidence,  imtil  the  washings  cease  to  precipitate 
argentic  nitrate.  The  reduced  silver  may  be  dried,  and  cast 
into  ingots  if  desired.  The  metal  is  refined  in  large  quantities 
for  commercial  purposes  in  this  manner.  It  is  not  absolutely 
pure,  and  therefore,  for  delicate  chemical  operations,  it  imdergoes 
a  farther  process  of  purification. 

For  this  purpose  it  is  redissolved  ia  nitric  acid,  and  a  second  time  precipi- 
tated as  chloride,  pure  hydrochloric  acid  being  employed  as  the  precipitant :  Uie 
precipitated  chloride  is  again  washed  by  subsidence  until  the  washings  no  longer 
redden  litmus.  The  chloride  of  silver  is  next  dried  until  it  ceases  to  lose  weight, 
100  parts  of  the  chloride  are  mixed  with  70*4  of  chalk,  and  4*2  of  powdered 
charcoal,  and  the  mixture  is  heated  in  a  deep  clay  crucible.*  The  temperature 
is  kept  at  a  dull  red  heat  for  half  an  hour,  afler  which  it  is  gradually  raised  to 
fnll  reduess :  a  considerable  disengagement  of  gas  takes  place,  owing  to  the  evo- 
lution of  carbonic  anhydride  and  carbonic  oxide,  and  calcic  oxychloride  is  formed, 
constituting  a  fusible  slag,  beneath  which  the  pure  silver  collects;  2AgCl-»- 
2CaC0,  +  C  =  CO  +  2CO,  +  CaO,CaCl,  +  Ag,.  The  silver  may  be  poured  into 
an  ingot  mould,  remelted  in  order  to  free  it  from  slag,  and  afterwards  rolled  into 


*  The  washed  chloride  may  also  be  reduced  without  difficulty  by  fusion  with 
about  half  its  weight  of  dried  sodic  carbonate. 
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sheets.  Silver  sufficiently  pure  for  all  ordinary  purposes  may  also  be  ol>ta]ned 
in  a  crystalline  form  by  boiling  a  slightly  acid  solution  of  nitrate  or  other  salt 
of  silver  with  sheet  copper :  the  precipitated  silver  is  well  washed,  digested  in  a 
solution  of  ammonia,  to  remove  any  traces  of  adhering  onprio  oxide,  and  again 
washed. 

(941)  Oxides  of  Silver. — Silver  forms  three  oxides;  a  sub- 
oxide^ Ag^O ;  argentic  oxide,  Ag^O,  which  is  the  basis  of  the 
salts  of  the  tkietal ;  and  a  peroxide,  probably  Agfi^  which  does 
not  combine  with  acids. 

ArgenUmi  oxide,  or  Suboxide  of  silver  (Agfl), — According  to  Wohler,  if 
argentic  citrate  be  heated  to  100^  C.  in  a  current  of  hydrogen,  the  salt  loses  half 
an  equivalent  of  oxygen,  and  a  compound  is  produced  which  is  sparingly  soluble 
in  water,  forming  with  it  a  brown  solution,  from  which,  on  the  addition  of 
potassic  hydrate,  a  suboxide  of  silver  is  precipitated.  This  compound  is  very 
unstable  ;  hydrochloric  acid  converts  it  partially  into  snbchloride,  but  it  is  de- 
composed by  other  acids,  and  by  ammonia,  into  argentic  oxide  and  metallic  silver. 
A  mixture  of  metallic  silver  and  argentnus  oxide  is  also  obtained  by  boiling  the 
yellow  triargentic  arsenite  with  a  strong  solution  of  caustic  soda,  trisodic 
arseniate  being  formed  in  the  liquid,  2Ag,AsO, +  6NaH0=:  Ag^O-l- Ag^-i- 
aNa^AsO^  +  jH^O. 

Argentic  oxide,  or  Protoxide  of  silver  (Ag20=23a  ;  Camp,  in 

100  parts,  Ag,  93*1 ;  O,  6*9. — ^This  oxide  may  be  procured  by 

adding  a  solution  of  potash  or  of  soda  to  a  solution  of  the  nitrate 

or  any  soluble  salt  of  silver.     A  brown  hydrated  oxide  falls,  which 

readily  parts  with  its  water,  and  if  dried  at  a  temperature  above 

140°  (60'' C),  becomes  anhydrous;  it  gives  oflf  oxygen  below  a  red 

heat,  and  is  reduced  to  the  metallic  state.     Light  also  reduces 

it,  and  hydrogen,  even  at    100  C,  has   a  similar  effect ;  contact 

under    water   with   metallic  tin   or  copper   also  deprives  it   of 

oxygen.     Argentic  oxide  is  a  powerful  base ;  it  combines  easily 

with  acids,  yielding  salts  which  in  some  cases  are  isomorphous 

with  the  corresponding  salts  of  sodium.     They  are  almost  always 

anhydrous.     It  forms  with  nitric  acid  a  salt  which  is  not  acid  in 

its  reaction  upon  litmus.     It  is  slightly  soluble  in  pure  water,  to 

which   it   communicates    a  feebly  alkaline   reaction.     Argentic 

oxide  combines    with    the   fusible  silicates,    and    is    sometimes 

employed   for  jproducing    a   yellow  glass.       Potassic   and  sodic 

hydrates  do  not  dissolve  the  oxide,  but  it  is   freely  soluble  in 

ammonia,  and   the  solution,  by  exposure  to  the   air,  deposits  a 

black    micaceous    powder,   which    is  powerfully    explosive,  and 

which  has  received  the  name  of  fulminating  silver. 

(942)  Fulminating  silver  is  also  produced  if  a  concentrated  solution  of 
ammonia  be  digested  for  some  hours  upon  freshly  precipitated  argentic  oxide ;  a 
black  powder  is  formed  which  is  allowed  to  dry  in  minute  quantities  on  separate 
pieces  of  filtering  paper.  The  same  compound  is  formed  on  precipitating  an 
amraoniacal  solution  of  argentic  nitrate  or  chloride  by  the  addition  of  oawtie 
potash.     It  IB  neceaaaiy  \a  V  ^^wvc^  qC  these  &ots,  as  it  is  a  most  dangerous 
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rabstftnoe,  and  might  be  produced  unintentionally.  iVlction  or  pretsure,  even 
when  under  water,  occasions  it  to  explode :  and  when  dry,  its  detonation  often 
ooenrs  without  any  assignable  cause.  Acids  immediately  decompose  it  into  an 
ammoniacal  salt,  and  the  corresponding  salt  of  silver.  The  composition  of  this 
body,  owing  to  its  dangerous  character,  has  not  been  accurately  determined,  but 
it  is  generally  supposed  to  be  a  nitride,  similar  to  that  which  is  obtainable  from 
mercury. 

Argentic  peroxide  (Ag<,Og  ?) ;  Sp.  Gr.  5*474. — ^This  compound 
is  procured  in  dark  grey  acicular  crystals^  when  a  dilute  solution 
of  argentic  nitrate  is  decomposed  by  means  of  the  voltaic  current. 
The  peroxide  accumulates  upon  the  positive  plate^  but  it  always 
retains  a  certain  quantity  of  xmdecomposed  argentic  nitrate. 
It  is  a  conductor  of  the  voltaic  current.  Acids  decompose  it, 
forming  a  salt  of  argentic  oxide,  whilst  oxygen  gas  escapes.  It 
is  also  decomposed  by  ammonia,  with  effervescence,  owing  to 
escape  of  nitrogen. 

(943)  Argentic  Sulphide,  or  Sulphide  of  silver  (Ag,S=: 
248);  8p.  Gr.  7*2;  Comp.  in  100  parts,  Ag,  87*1;  S,  12*9. — 
This  compound  is  the  principal  ore  of  silver.  It  is  foimd  native, 
sometimes  crystallized  in  cubes  or  octohedra,  at  other  times 
massive.  It  has  a  leaden-grey  metallic  lustre,  &om  which  it 
derives  its  mineralogical  name  of  silver  glance.  Argentic  sul- 
phide is  isomorphous  with  cupreous  sulphide,  and  sometimes  dis- 
places it  in  certain  minerals,  such,  for  example,  as  polybasite, 
and  fahlerz  or  grey  copper  ore  (879). 

Silver  has  a  very  powerful  attraction  for  sulphur.  The  metal 
becomes  tarnished,  owing  to  the  formation  of  a  film  of  sulphide, 
if  it  be  exposed  to  the  action  of  sulphuretted  hydrogen  in  the 
gaseous  state,  even  though  largely  diluted  with  air ;  and  a  black 
spot  is  immediately  produced  upon  its  surface  by  contact  with  a 
solution  of  a  sulphide  of  one  of  the  metals  of  the  alkalies  or 
alkaline  earths.  Argentic  sulphide  may  be  prepared  by  trans- 
mitting a  current  of  sulphuretted  hydrogen  through  solutions  of 
the  salts  of  silver,  in  which  it  forms  a  black  precipitate ;  or  it 
may  be  obtained  by  heating  silver  with  an  excess  of  sulphur  in  a 
covered  crucible ;  in  this  case  the  argentic  sulphide  ftises,  and 
forms  a  dark  grey  crystalline  mass  as  it  cools,  and  the  excess  of 
sulphur  is  volatilized. 

Argentic  sulphide  is  soft  enough  to  allow  of  its  being  cut 
with  a  knife ;  it  also  possesses  sufficient  malleability  to  receive 
impressions  from  a  die.  It  is  not  a  conductor  of  the  voltaic 
current  when  cold,  but  if  heated  it  transmits  the  current  readily 
without  imdergoing  decomposition.  It  is  easily  fusible,  and  if 
heated  in  closed  vessels  may  be  melted  without  becoming  decom- 

II.  3  D 
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posed ;  but  if  roasted  in  the  air^  the  sulphur  is  gradually  converted 
into  sulphurous  anhydride^  and  metallic  silver  is  left :  diiring  this 
operation  a  portion  of  it  is  usually  converted  into  argentic  sul- 
phate^ which  afterwards  requires  an  elevated  temperature  for  its 
decomposition. 

Argentic  sulphide  is  decomposed  when  boiled  with  concen- 
trated sulphuric  acid>  sulphurous  anhydride  and  argentic  sulphate 
being  formed.  Strong  nitric  acid  also  dissolves  it  by  the  aid  of 
heat.*  Boiling  hydrochloric  acid  converts  it  into  argentic 
chloride,  with  evolution  of  sulphuretted  hydrogen.  Cupric  chloride 
converts  it  into  argentic  chloride,  with  the  formation  of  cupreous 
chloride  and  sulphide  of  copper :  this  change  is  much  facilitated 
by  the  presence  of  sodic  chloride  in  a  moist  state,  as  by  its 
means  both  the  argentic  chloride  and  the  cupreous  chloride  are 
dissolved  at  the  moment  of  their  formation.  These  reactions 
become  important  in  the  extraction  of  silver  from  its  ores  (932). 
Argentic  sulphide  is  also  decomposed  when  heated  with  the 
alkalies,  and  a  similar  effect  is  produced  by  igniting  it  with 
iron,  copper,  lead,  and  many  other  metals. 

Argentic  sulphide  is  not  soluble  in  solutions  of  the  sulphides 
of  the  alkali-metals ;  but  it  may  be  made  to  unite  with  many 
other  metallic  sulphides  when  fused  with  them.  A  native  com- 
pound of  this  description  is  found  in  red  silver  ore,  which  is  a 
double  sulphide  of  silver  and  antimony,  3Ag3S,Sb3S3.  In  this 
mineral  a  portion  of  antimonious  sulphide  is  often  displaced  by 
arsenious  sulphide. 

(944)  Chlorides   op  Silver. — ^There   are  two    chlorides  of 

silver,  the  subchloride,  Ag^Cl,  and  the  protQchloride,  AgCL 

Argentous  chloride^  or  Subchloride  of  silver  (Ag^Cl)  does  not  appear  to  have 
been  obtained  in  a  perfectly  pure  form.  It  is  nsoallj  directed  to  be  procured  bj 
digesting  leaves  of  pure  silver  in  a  solution  of  capric  chloride  or  of  ferric  chloride; 
it  forms  black  scales  which  are  not  acted  upon  by  nitric  acid,  but  are  resolved  by 
ammonia  into  argentic  chloride  and  metallic  silver. 

Argentic  chloride^  or  Chloride  of  silver  (AgCl=  143*5)  >  ^P'  ^^* 
5'55^  i  Comp.  in  100  parts,  Ag,  75*27 ;  CI,  3473. — ^^"^^  com- 
pound is  found  native,  either  crystallized  in  cubes,  or  as  a  com- 
pact semi-transparent  mass,  known  by  the  name  of  horn  silver. 
It  is  procured  as  a  dense  white  flocculent  precipitate  on  adding 
hydrochloric  acid  or  the  solution  of  any  chloride  to  a  soluble  salt 


*  Argentic  nitrate  forms  with  the  sulphide  a  yellow  compound,  Agfi,AgSOp 
insoluble  in  cold  nitric  acid,  but  it  is  decomposed  when  washed  with  boiliiig 
water.    It  is  left  in  the  form  of  a  yellow  powder  when  silver  containing  sulphide 
JM  dissolved  in  waxm  mtne  M»!i  ol  vg.  %t.  about  i'2. 
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of  silver :  when  moist  it  quickly  assumes  a  violet  colour  by  ex- 
posure to  the  sun's  light ;  a  similar  change  is  produced  gradually 
by  diffused  daylight.  The  subchloride  appears  to  be  formed 
under  these  circumstances^  and  chlorine  is  set  free.  If  the 
chloride  be  moistened  with  a  solution  of  argentic  nitrate  and 
exposed  to  the  sun  in  a  thin  layer^  a  strong  odour  of  hypochlorous 
add  is  immediately  developed. 

Argentic  chloride  is  insoluble  in  pure  water,  and  in  all  the 
diluted  acids.  A  solution  of  silver  containing  not  more  than 
I  part  of  the  metal  in  2CX5,ooo  of  water  is  immediately  rendered 
opalescent  by  the  addition  of  hydrochloric  acid.  Argentic 
chloride  is  however  taken  up  by  boiling  hydrochloric  acid  and  by 
strong  solutions  of  the  chlorides  of  metals  of  the  alkalies  and 
alkaline  earths,  with  which  it  forms  crystallizable  double  salts ; 
they  are  decomposed  if  their  solutions  are  diluted;  advantage 
is  taken  of  this  circumstance  in  the  extraction  of  silver 
(p.  755).  Argentic  chloride  is  decomposed  by  digestion  with  a 
solution  of  potassic  bromide  or  iodide,  argentic  bromide  or  iodide 
being  produced,  while  potassic  chloride  is  obtained  in  solution. 
Field,  by  whom  this  result  was  observed  (Q.  J.  Chem.  Soc.  x. 
236),  has  proposed  to  employ  it  for  determining  the  proportions 
of  chlorine,  bromine,  and  iodine  in  the  analysis  of  a  mixture  in 
which  they  occur  together. 

Argentic  chloride  melts  at  a  temperature  of  about  500° 
(260°  C),  and  when  strongly  heated  it  is  partially  volatilized ;  on 
cooling  it  forms  a  homy,  semi-transparent,  sectile  mass.  It  is 
not  decomposed  when  heated  with  carbon ;  but  it  is  easily  re- 
duced by  hydrogen  if  it  be  heated  in  a  current  of  the  gas,  hydro- 
chloric acid  being  formed,  while  metallic  silver  is  set  free ;  zinc, 
and  iron,  and  many  of  the  easily  oxidizable  metals,  also  reduce 
moist  argentic  chloride.  On  the  large  scale  this  process  is  turned 
to  accoimt  in  the  refining  of  silver  (940).  It  is  not  necessary 
that  the  argentic  chloride  be  freshly  precipitated,  though,  if  it 
be,  the  operation  is  more  rapid ;  if  a  cake  of  the  fused  chloride 
be  laid  upon  zinc  or  on  iron  and  covered  with  acidulated  water, 
it  will  after  some  days  be  completely  reduced  to  a  spongy  mass 
of  metallic  silver. 

Weak  alkaline  leys  do  not  act  upon  argentic  chloride,  but  if 
a  concentrated  solution  of  potash  be  boiled  upon  it,  potassic 
chloride  is  formed,  and  a  dense  black  argentic  oxide  is  produced ; 
the  addition  of  sugar  to  this  mixture  reduces  the  oxide  rapidly 
to  the  state  of  metallic  silver.  A  solution  of  ammonia  dissolves 
the  chloride  freely,  and  deposits  it  again,  by  evaporation  at  ordi- 

3  D  2 
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nary  temperatures^  in  transparent  colourless  crystals ;  if  the  solu- 
tion be  boiled  with  potash^  fulminating  silver  is  deposited.  .  The 
ammoniacal  solution  also  readily  furnishes  metallic  silver  if  it  is 
poured  very  slowly  into  a  boiling  solution  of  5  parts  of  grape- 
sugar^  and  15  of  crystallized  sodic  carbonate  in  200  of  water  for 
every  4  parts  of  argentic  chloride.  If  the  liquid  be  kept  boiling 
during  the  whole  time,  the  silver  is  deposited  in  the  form  of  a 
yellowish  grey  powder  which  is  easily  washed  clean.  The  solid 
chloride  absorbs  ammoniacal  gas  rapidly,  and  leaves  it  unaltered 
when  heat  is  applied  (369).  When  argentic  chloride  is  ignited 
with  the  carbonates  of  the  alkali-metals,  chlorides  of  these  metals 
are  formed  and  pure  silver  is  left;  this  reaction  furnishes  a 
means  of  procuring  large  quantities  of  silver  in  a  state  of  purity ; 
4AgCl  +  aNagCOj = 4NaCl  +  aCOj  +  O^  +  2 A  gg.  Argentic  chloride 
is  soluble  in  solutions  of  the  hyposulphites,  forming  compounds 
of  an  intensely  sweet  taste :  by  evaporating  these  solutions  crys- 
talline double  hyposulphites  may  be  procured  (419).  Potassic 
cyanide  likewise  dissolves  argentic  chloride,  forming  potassic 
chloride  and  argento-potassic  cyanide  (KCy,AgCy).  The  soluble 
sulphites  also  dissolve  argentic  chloride. 

(945)  Argentic  Bromide,  or  Bromide  of  silver  (AgBr= 
188) ;  Sp.  Gr.  6*353 ;  Comp,  in  100  parts,  Ag,  58-53 ;  Br,  41*47. 
— ^This  constitutes  a  rare  mineral  which  has  been  found  in  Chili ; 
but  it  occurs  mixed  in  tolerable  abundance  at  the  mine  of  Chanar- 
cillo,  in  Atacama,  with  argentic  chloride  in  variable  proportions. 
The  bromide  may  be  formed  artificially  by  adding  a  solution  of 
potassic  bromide  to  one  of  argentic  nitrate.  It  is  of  a  yellowish 
colour,  is  insoluble  in  water,  and  is  much  less  soluble  in  ammonia 
than  the  chloride.  Acids  do  not  dissolve  it,  but  chlorine  disen- 
gages vapours  of  bromine  from  it,  and  argentic  chloride  is  pro- 
duced. Argentic  bromide  fuses  below  a  red  heat.  It  is  soluble 
in  a  concentrated  solution  of  potassic  bromide,  and  in  other 
bromides,  with  which  it  forms  double  salts,  which  are  decom- 
posed by  dilution  with  water.  Argentic  bromide  is  soluble  in  s 
solution  of  sodic  hyposulphite. 

(946)  Argentic  Iodide,  or  Iodide  qf  silver  (Agl=235); 
iSjp.  Gr.  5'^;  Comp.  in  100  parts,  Ag,  45*96 ;  I,  54'04. — Tim 
compound  is  found  in  Mexico,  mixed  with  calcic  carbonate^  native 
silver,  and  plumbic  sulphide.  It  may  be  procured  artificially  by 
precipitating  a  solution  of  argentic  nitrate  by  one  of  potassic 
iodide,  when  a  pale  yellow,  flocculent  deposit  occurs^  which  is  bat 
slowly  acted  on  by  light,  is  insoluble  in  acids,  and  almost  so  in 
ammonia.     It  may  «^  \)^  obtained  by  acting   upon  metallic 


FLUORIDE  AND   SULPHATE   OF  SILVER.  773 

silver  with  hydriodic  acid,  which  dissolves  the  metal  with  evolu- 
tion of  hydrogen,  and  gradually  deposits  six-sided  prisms  of  the 
iodide.  It  fuses  easily  into  a  mass  which  becomes  yellow  and 
opaque  on  cooling.  It  is  decomposed  by  zinc  in  the  presence  of 
moisture.  Chlorine  displaces  the  iodine  from  the  salt.  Argentic 
iodide  is  soluble  in  a  hot  solution  of  hydriodic  acid,  which  on 
cooling  deposits  flaky  crystals  of  a  compoimd  of  the  acid  with 
argentic  iodide  (AgI,HI).  The  iodide  is  likewise  soluble  in  con- 
centrated solutions  of  potassic  iodide,  as  well  as  in  those  of  sodic 
hyposulphite. 

Argentic  Fluoride,  or  Fluoride  of  silver  (AgF=  127),  is  freely 
soluble  in  water ;  it  is  obtained  by  dissolving  argentic  oxide  or 
carbonate  in  diluted  hydrofluoric  acid,  but  it  is  partially  decom- 
posed on  evaporating  its  solution. 

(947)  Argentic  Sulphate,  or  StUphate  of  silver  (Ag^SO^ 
=312);  Sp.  Gr.  5'322;  Comp.  in  100  parts,  Agfi,  74*36;  SO3, 
25-64. — ^When  silver  is  boiled  with  sulphuric  acid,  a  portion  of 
the  acid  is  decomposed  and  gives  oxygen  to  the  silver,  which  is 
converted  into  a  sulphate,  while  sulphurous  anhydride  escapes : 
the  sulphate  is  dissolved  by  the  excess  of  acid,  but  is  deposited 
in  great  part  on  the  addition  of  water,  of  which  it  requires  90 
times  its  weight  for  solution.  It  may  be  obtained  in  small 
rhombic  prisms,  which  are  isomorphous  with  those  of  anhydrous 
sodic  sulphate.  They  fiise  readily ;  for  their  decomposition  they 
require  a  temperature  higher  than  is  needed  to  decompose  the 
sidphates  of  iron  or  copper  (p.  755)  Small  quantities  of  gold 
are  separated  from  silver  on  the  large  scale,  by  boiling  i  part  of 
the  alloy,  finely  granulated,  in  cast-iron  vessels  with  2J  parts  of 
oil  of  vitriol ;  the  gold  is  left  behind  as  a  fine  powder.  The 
solution  of  silver  is  afterwards  diluted  till  of  a  specific  gravity  of 
i'200,  introduced  into  leaden  vessels,  and  the  silver  precipitated 
in  the  metallic  form  from  the  solution  by  bars  of  metallic  copper. 
This  process  has  been  economically  applied  to  the  extraction  of 
the  gold  contained  in  old  silver  coin,  even  where  the  proportion 
of  gold  did  not  exceed  i  part  in  2000.  It  cannot  be  advan- 
tageously practised  upon  alloys  containing  more  than  about  200 
parts  of  gold  per  1000.  K  copper  be  present,  its  proportion 
shoidd  not  exceed  4  per  cent,  of  the  mass ;  otherwise  the  cupric 
sulphate,  owing  to  its  sparing  solubility  in  the  acid,  impedes  the 
operation.  Crystallized  argentic  sulphate  rapidly  absorbs  am- 
monia, to  the  extent  of  2  atoms  for  each  atom  of  the  salt. 
A  hot  solution  of  ammonia  dissolves  the  salt  freely,  and  on  cooling 
deposits  crystals  composed  of  (4H3N,AggSOJ. 
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A  silver  alum  (AgAl2S0^,i2H20)  may,  according  to  Charch,  be  ol>Uined  in 
octohedral  crjBtals  by  heating  argentic  salphate  and  aluminic  Balpbate  in  eqaiTi- 
lent  proportion8  with  a  little  water,  until  the  silver  salt  has  become  dinolved. 
An  excess  of  water  separates  it  into  its  component  salts. 

(948)  Argentic  Nitrate,  or  Nitrate  of  silver  (AgSO^= 
170);  Sp.  Gr.  4*336;  Comp.  in  100  parts,  Agfi,  68-23;  ^ffiv 
3Vjy,  or  Ag,  63*51. —This  salt  is  readily  formed  by  dissolyisg 
silver  in  moderately  strong  nitric  acid.  If  standard  silver  be  em- 
ployed in  its  preparation,  the  cupric  oxide  is  easily  separated  from 
the  solution  by  boiling  it  upon  freshly  precipitated  argentic  oxide, 
nfhich  may  be  obtained  by  precipitating  a  portion  of  the  same 
solution  by  caustic  potash,  and  washing  the  precipitate,  the  pre- 
sence of  cupric  oxide  being  unimportant.  It  crystaUizes  in  square, 
colourless,  anhydrous  tables,  which  require  an  equal  weight  of 
cold  water  for  solution.  Boiling  alcohol  dissolves  about  a  fourth 
of  its  weight  of  the  salt,  but  deposits  most  of  it  on  cooling.  The 
nitrate  fuses  at  426°' a  (219°  C.)  when  heated,  and  if  then  cast  into 
cylindrical  moulds,  it  forms  the  sticks  of  lunar  caustic  (from  luna, 
the  alchemical  name  for  silver)  employed  by  surgeons  as  an 
escharotic.  By  a  more  elevated  temperature  it  is  decomposedi 
argentic  nitrite  is  produced,  and  at  a  still  higher  temperature 
metallic  silver  is  left. 

Argentic  nitrate,  when  pure,  xmdergoes  no  change  by  the 
action  of  light ;  but  it  is  readily  decomposed  by  the  combined 
action  of  light  and  organic  matter,  which  last  it  usually  stains 
black.  The  stain  thus  produced  cannot  be  removed  by  washing 
with  soap  and  water ;  from  this  property  it  has  been  employed 
as  the  basis  of  an  ink  for  marking  linen,  which  may  be  prepared 
as  follows : — Dissolve  10  grammes  of  argentic  nitrate  and  5  grms. 
of  gum  arabic  in  35  c.  c.  of  water,  and  colour  the  liquid  with  Indian 
ink.  It  is  requisite  to  prepare  the  cloth  first,  by  moistening  the 
spot  to  be  marked  with  a  solution  of  sodic  carbonate,  which  is 
allowed  to  become  dry.  This  preparatory  solution  may  consist 
of  80  grms.  of  crystallized  sodic  carbonate,  and  10  grms.  of  gumj 
dissolved  in  160  c.  c.  of  water.*  The  black  stains  of  ai^ntic  nitrate 
may  be  removed  from  the  hands  or  from  linen  by  the  employment 
of  a  strong  solution  of  potassic  iodide ;  potassic  cyanide  is  still 
more  eflPectual.  Dry  argentic  nitrate  absorbs  3  atoms  of  anmionia, 
and  if  ammoniacal  gas  be  passed  into  a  concentrated  solution  of 
the  salt,  crystals  having  the  composition  (2HjN,AgN0J  are 
deposited. 


*  A  solution  of  coal-tar  in  naphtha  forms  a  cheap  indelible  marking  isk» 
which  resistft  the  actVon  o^  c\iWaA^«[i<i  vk  uaed  by  bleaohers  to  mark  their  goods. 
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When  metallic  silver  in  fine  powder  is  digested  in  a  solution 
of  ai^entic  nitrate^  it  is  dissolved^  and  a  yellow  solution  is  formed 
analogous  to  that  obtained  when  lead  is  similarly  treated  (905). 

(949)  Tbiaboentic  Phosphate,  or  Triphosphate  qf  silver  (Ag,PO^  = 
4T9;  «^.  ^r.  7*321),  is  of  a  yellow  colour,  which  is  speedily  changed  by  the 
action  of  light  The  salt  is  very  soluble  in  excess  both  of  nitric  acid  and  of 
ammonia.  It  is  easily  procured  by  precipitating  a  solution  of  the  ordinary  hydro- 
disodic  phosphate  by  one  of  argentic  nitrate;  it  fuses  if  heated  above  redness. 
Argentic  pyrophosphate  (Ag^P,0, ;  sp,  gr.  5*306)  is  obtained  in  like  manner 
by  precipitating  argentic  nitrate  by  sodic  pyrophosphate ;  it  is  a  white  precipitate 
slowly  darkened  by  light,  and  is  easily  fusible.  The  metaphosphate  (AgPO,)  is 
obtained  by  precipitation  from  the  argentic  nitrate  by  solutions  of  sodic  meta- 
phosphate ;  it  forms  a  gelatinous  mass,  which  softens  even  at  a  heat  of  loo**  C, 
and  is  soluble  in  excess  of  argentic  nitrate.  If  boiling  water  be  poured  upon  this 
precipitate,  it  fuses ;  acid  is  removed,  and  a  submetaphosphate  is  left,  consisting 
of  (Ag.P,0^.  or  3Ag,0,aP,0J. 

(950)  Characters  of  the  Salts  op  Silver.  —  The  soluble 
salts  of  this  metal  are  colourless^  and  nearly  all  are  anhydrous ; 
they  do  not  redden  litmus ;  they  have  a  powerfully  acrid^  metallic, 
astringent  taste,  and  act  as  irritant  poisons.  Before  the  blowpipe 
they  are  all  readily  reduced  on  charcoal  to  the  iQetallic  state, 
especially  when  mixed  with  sodic  carbonate.  They  give  a  yellowish 
bead  with  microcosmic  salt  in  the  oxidating  flame.  In  solution 
the  salts  of  silver  present  the  following  reactions  : — 

The  hydrates  of  the  fixed  alkalies  give  a  brown  hydrated  oxide, 
insoluble  in  excess  of  the  precipitant ;  ammonia,  a  brown  precipi- 
tate^ readily  soluble  in  excess  of  ammonia ;  potassic  and  sodic  car- 
bonates, a  white  argentic  carbonate  insoluble  in  excess,  but  soluble 
in  ammonic  sesquicarbonate.  Sulphuretted  hydrogen  and  ammonic 
hydrosulphide  give  a  black  precipitate  of  argentic  sulphide,  not 
soluble  in  ammonia  or  in  the  sulphides  of  the  alkali-metals. 
But  the  most  characteristic  test  is  the  action  of  hydrochloric  acid, 
or  of  a  soluble  chloride,  which  produces  a  white  curdy  precipitate 
of  argentic  chloride,  insoluble  in  nitric  add  even  when  boiling, 
but  readily  soluble  in  ammonia;  it  is  also  soluble  in  sodic  hypo- 
sulphite, with  which  it  forms  an  intensely  sweet  solution ;  potassic 
cyanide  also  dissolves  it:  argentic  chloride  speedily  assumes  a 
violet  tinge  when  exposed  to  light ;  this  change  is  impeded  by  the 
presence  of  free  chlorine  as  well  as  by  that  of  free  nitric  acid,  and 
is  prevented  by  the  admixture  of  a  small  proportion  of  mercuric 
chloride.  Potassic  iodide  or  bromide  gives  a  yellowish-white  pre- 
cipitate of  argentic  iodide  or  bromide,  sparingly  soluble  in  am- 
monia. Hydrocyanic  acid  and  potassic  cyanide  give  a  white  curdy 
precipitate  of  argentic  cyanide^  which  is   soluble  in,  excess  of 
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potassic  cyanide^  easily  soluble  in  ammonia^  insoluble  in  diluted 
nitric  acid/  but  soluble  in  boiling  nitric  acid  if  concentrated. 
Pho8p?u)ric,  chromic,  oxalic,  tartaric,  and  citric  scida,  all  form  in- 
soluble precipitates  with  salts  of  silver.  Indeed^  silver  furnishes 
a  greater  number  of  insoluble  salts  than  any  other  metal ;  they 
are  almost  all  neutral  in  composition^  and  generally  of  a  dazzling 
white  appearance.  Most  of  them^  however^  become  black  when 
exposed  to  the  action  of  light.  Nearly  all  of  them  are  soluble  in 
ammonia^  and  many  of  them  also  in  nitric  acid.  Many  metals 
reduce  solutions  of  the  salts  of  silver^  and  throw  down  the  silver 
from  them  in  a  metallic  state,  as  is  beautifully  shown  by  the 
action  of  mercury,  which  produces  a  crystalline  deposit  consisting 
of  an  amalgam  of  silver,  forming  what  has  been  termed  the  etrbor 
Diana.*  Copper  and  zinc  also  precipitate  silver  from  its  solu- 
tions. Phosphorus  becomes  coated  with  metallic  silver  if  placed 
in  a  solution  of  any  of  its  salts.  A  solution  of  ferrous  sulphate 
also  precipitates  silver  in  the  metallic  form  from  its  solutions,  if 
they  do  not  contain  free  nitric  acid.  K  a  solution  of  ammonia- 
nitrate  of  silver  be  added  to  one  of  ferrous  sulphate,  an  intensely 
black  precipitate  (Ag^O,aFeO,Fe20j ;  H.  Rose)  is  produced.  This 
reaction  is  extremely  sensitive  for  very  small  quantities  of  iron. 

The  compounds  of  silver  exhibit  a  less  strongly  marked  ten- 
dency to  form  double  salts  than  is  the  case  with  the  other  noble 
metals. 

(951)  Estimation  of  Silver, — Silver  may  be  estimated  either 
in  the  metallic  state,  as  in  the  process  of  cupellation,— or  in  the 
form  of  chloride,  100  parts  of  which,  after  fusion,  correspond  to 
75*27  of  the  metal.  This  precipitation  is  best  effected  by  acidu- 
lating the  liquid  with  nitric  acid,  and  adding  hydrochloric  acid  in 
slight  excess.  After  the  precipitate  has  been  collected  and  dried, 
it  should  be  detached  frx)m  the  filter,  and  frised  in  a  porcelain  cap- 
sule ;  on  burning  the  filter,  the  portions  of  chloride  retained  by  it 
are  reduced  partially  to  the  metallic  state  by  the  hydrogen  of  the 
paper ;  the  ash  must  therefore  be  moistened,  first  with  nitric,  and 
then  with  hydrochloric  acid,  to  reconvert  it  into  chloride :  the 
excess  of  acid  must  afterwards  be  expelled  by  heat. 

(952)  Separation  of  Silver  from  other  Metals, — ^This  is  readily 
effected  by  means  of  hydrochloric  acid.  If  lead  be  present,  the 
solution  must  be  diluted  largely :  should  mercury  be  in  solution, 
it  must  be  converted  into  a  mercuric  salt  by  boiling  the  liquid 


*  On  one  oocasion  I  found  the  long  prismatic  thin  ciystaU  to  hare  the  oom* 
position  Ag^Hg^,  oonUbmg  ^^*^S  1^  ^^^  ^  metallic  «ilver. 
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with  nitric  acid,  after  which  the  silver  may  be  precipitated  in  the 
form  of  chloride. 

§  III.  Gold  (Aurum) :  Au=  196-6.     Sp.  Gr.  19*34;  Fusing^ 

point,  aoi6°  (iJoa°*aC.) ;  Monad  in  Jurous  salts, 

as  AuCl ;  TViad  in  Auric  salts,  as  AuCl,. 

(953)  This  valuable  metal  has  been  prized  from  the  earliest 
ages  of  the  world.  It  is  foond  in  small  quantities  in  numerous 
localities,  and  always  occurs  in  the  native  state,  either  crystallized 
in  cubes,  octohedra,  or  tetrahedra, — or  in  plates,  in  ramified 
masses,  or  in  nodules  or  nuygets,  which  sometimes  weigh  many 
kilogrammes.*  Native  gold  is  always  alloyed  with  silver ;  some- 
times small  quantities  of  osmium  and  iridium,  copper,  antimony, 
and,  in  some  rare  instances,  tellurium,  are  foimd  accompanying 
it.  No  regular  veins  of  gold  are  met  with ;  it  commonly  occurs 
either  in  primitive  or  volcanic  rocks,  or  in  the  alluvial  deposits  of 
certain  rivers.  Its  most  celebrated  mines  are  those  of  California 
and  Australia ;  and  those  of  Mexico,  Chili,  Brazil,  and  Peru.  In 
California  the  gold  is  chiefly  foimd  upon  the  Sacramento  and  its 
tributary  streams,  in  deposits  formed  by  the  disintegration  of 
quartz  and  granite.  In  Australia  the  gold  is  also  associated  with 
quartz,  and  occurs  in  slate  rocks  equivalent  to  the  Cambrian 
formations  of  England  aud  Wales,  in  the  detritus  of  which  the 
most  productive  gold-fields  occur,  in  the  deep  gullies  at  the  base 
of  the  rocky  ranges  of  clay-slate,  mica  schist,  red  and  yellow 
sandstone.  In  this  alluvium  the  gold  is  usually  found  at  a  depth 
of  from  10  to  40  feet  (3  to  12  metres),  resting  upon  a  ^  bottom^  of 
pipeclay.  A  good  deal  of  gold  is  still  obtained  from  the  Ural 
Mountains ;  gold  mines  have  also  been  worked  in  Wales,  in  the 
Cader  Idris  district.  Many  of  the  rivers  of  Africa  likewise  contain 
it  among  their  sands,  as  do  those  of  Hungary,  Transylvania,  and 
Piedmont :  in  these  European  countries  it  is  principally  extracted 
from  the  river  sands  by  gipsies. 

Extraction. — ^The  operations  for  obtaining  gold  frx)m  its  de- 
posits differ  from  those  required  by  almost  every  other  metal,  in 
being  for  the  most  part  purely  mechanical.  According  to  Mr. 
Wathen  {The  Golden  Colony,  p.  71),  the  Australian  digger  formerly 
used  a  cradle  for  washing  the  ore,  but  this  is  not  adapted  to  the 
stiff  clays  of  the  Australian  gold-fields.     The  miner  now,  after 


*  A  specimen  of  native  gold,  nearly  free  from  earthy  imporitiefl,  from  the 
KiDgower  diggings,  Australia,  weighing  1743  oz.,  was  exhibited  in  England  in 
the  early  part  of  i8j8,  and  still  larger  masses  have  been  found  subsequently. 
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having  raified  the  '  washing  stuflF'  from  the  pit,  introdaoes  it  into 
the  '  puddling  tub/   which  is  merely  one-half  of  a  porter-caak. 
The  tub  is  half  filled  with  the  washing  stuff,  water  is  baled  in  from 
the   creek,  and  the  whole  worked  about  with  the  spade  until  the 
clay  has  become  diffused  through  the  water  ;  this  turbid  water 
is   poured  off,  and  fresh  water  added,  until,  by  repetition  of  the 
washing,  ^'  nothing  but  clean  gravel,   sand,  and  gold  remam 
The  gold  is  now  readily  separated  from  the  gravel  by  means  of 
a  cradle,  or  simply  by  a  tin  dish.     In  the  latter  ease,  the  didi 
is   held  half-immersed  obliquely  in  water,  and  the  gravel  gra- 
dually washed  away  from  the  gold  by  the  dexterous  handling  of 
the  dish/' 

The  Califomian  '  Long  Tom'  consists  of  a  trougli  about  i6 
inches  (0*4  metre)  wide,  and  10  or  12  feet  (3  or  4  metres)  long, 
inclined  so  as  to  cause  the  water  to  run  rapidly  down :  an  iron 
grating,  perforated  with  holes  as  large  as  a  sixpence,  forms  the 
lower  end,  and  is  tilted  in  an  opposite  direction  to  the  trough. 
Through  the  trough  a  current  of  water  is  kept  constantly  flowing. 
The  auriferous  earth  is  thrown  in  at  the  head,  and  as  it  is  washed 
down  by  the  stream,  it  is  worked  about  with  the  spade ;  the  earth 
and  clay  are  quickly  washed  away ;  when  the  clean  gravel  reacha 
the  lower  end,  it  is  arrested  by  the  iron  grating,  and  removed 
with  a  shovel,  while  the  gold  and  sand  fall  through  into  a  box 
placed  beneath.  The  contents  of  the  box  are  again  washed  to 
extract  the  gold. 

Auriferous  quartz  is  first  crushed,  then  stamped  and  groimd 
to  powder,  and  from  the  powder  the  gold  is  subsequently  ei* 
tracted  by  amalgamation. 

Much  of  the  gold  in  circulation  before  the  disooveiy  of  the  depositi  in  Am* 
tralia  and  Califomia  was  obtained  from  anriferoos  pyrites.  Thia  mineral  » 
coarsely  paWerized,  either  before  or  after  roasting,  and  washed:  the  heafier 
particles  of  gold  sabside,  and  are  extracted  from  this  concentrated  portion  bj 
amalgamation,  the  excess  of  mercury  being  separated  by  distillation.*  Yariov 
methods  are  adopted  for  washing  the  auriferous  material :  in  Mexico  this  opa»> 
tion  is  usually  performed  by  negresses,  who  having  pulverized  the  ore  under  flit 
stones,  agitate  it  in  wide,  shallow,  wooden  dishes,  separating  the  lighter  portiou 
with  much  dexterity.  In  Europe,  the  pyrites  is  ground  and  amalgamated,  ia 
miUs  constructed  for  the  purpose.  Those  who  wash  the  river  sands  nsnaUj 
select  some  spot  at  the  bend  of  the  stream,  where  the  mud  appears  to  be  black  or 
reddinh  ;  as  it  is  here,  if  anywhere,  that  the  gold  is  found.  The  most  fitvounble 
time  is  when  the  waters  are  subsiding  after  storms  or  heavy  rains :  the  Hmd  ii 


*  Mr.  Crookes  has  shown  that  the  amalgamation  is  greatly  facilitated  bj 
adding  to  the  mercury  a  small  proportion  of  an  alloy  of  sodium  and  zinc.  The 
sodium  enables  the  mercury  to  wet  the  surface  of  the  gold  .immediately,  and 
diminishes  the  loss  of  both  gold  and  mercury  in  the  process. 
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oonoentrated  either  by  washing  it  in  shallow  vessels,  or  else  by  allowing  it  to 
pass  through  a  succession  of  troughs.  Amalgamation  is  afterwards  resorted  to» 
and  the  product  is  distilled,  as  in  the  analogous  process  for  obtaining  silver. 

(954)  Properties. — Gold  is  of  a  rich  yellow  colour  and  high 
metallic  lustre.  It  is  not  remarkable  for  its  hardness,  being, 
when  in  a  pure  state,  nearly  as  soft  as  lead.  Its  ductility,  how- 
ever, is  considerable,  ranking  next  to  silver,  so  that  it  may  be 
drawn  into  very  fine  wire. 

As  already  mentioned,  it  is  the  most  malleable  of  the  metals,  and  so  extreme 
ia  the  thinness  to  which  it  may  be  reduced  by  hammering,  that  260,000 
leaves  placed  upon  one  another  would  be  required  to  occupy  the  thickness  of  one 
inch  (or  1 1,200  in  a  millimetre).  The  thickness  of  the  film  may  be  still  further 
reduced  by  floating  it  upon  a  dilute  solution  of  potassic  cyanide.  Faraday  found 
that  such  a  film  when  attached  to  a  plate  of  glass  still  retained  its  power  of  re- 
flecting yellow  light  and  transmitting  green :  if,  however,  the  temperature  were 
maintained  for  a  short  time  at  a  point  which  need  not  exceed  600°  (3 16^*1  C),  the 
metallic  lustre  disappeared  entirely,  and  the  transmitted  light  became  of  a  pure 
ruby  red.  The  pressure  of  agate,  or  of  any  kind  of  hard  body  upon  the  film, 
dianged  the  oolour  of  the  transmitted  light  at  that  spot  again  to  green. 
(PkU.  Trans.  1857,  147.) 

Gold  fuses  at  a  temperature  of  aoi6®  (iioa^'a  C.)  It  cannot 
be  advantageoiisly  employed  for  castings,  as  it  shrinks  greatly  at 
the  moment  of  solidifying.  It  is  but  very  slightly  volatile  in  the 
heat  of  the  furnace,  though  by  a  powerful  electric  discharge,  by 
the  concentration  of  the  sun's  rays  with  a  large  convex  lens,  or 
by  the  intense  heat  of  the  oxyhydrogen  jet,  it  may  be  dispersed  in 
purple  vapours.  It  is  one  of  the  most  perfect  conductors  both 
of  heat  and  of  electricity.  Grold  suffers  no  change  by  exposure  to 
air  and  moisture  at  any  temperature.  None  of  the  simple  acids, 
with  the  exception  of  the  selenic,  has  any  effect  upon  it,  but  it 
is  dissolved  by  any  mixture  which  liberates  chlorine.  Its  usual 
solvent  is  aqua  regia,  which  for  this  purpose  is  generally  prepared 
by  mixing  i  part  of  nitric  acid  and  4  parts  of  hydrochloric  acid. 
The  hydrated  alkalies  do  not  affect  it  ;  a  crucible  of  gold  is  con- 
sequently a  valuable  instrument  in  the  analysis  of  minerals  which 
require  fusion  with  the  caustic  alkalies.  The  metal  combines 
directly  with  fluorine,  chlorine,  and  bromine,  without  the  aid  of 
heat,  and  with  phosphorus  when  heated. 

(955)  Pr^O'Tation  of  Fine  Gold. — Gold  is  best  obtained  in  a 
state  of  purity  by  dissolving  the  metal  in  aqua  regia,  and  evapo- 
rating the  solution  of  auric  chloride  thus  obtained  with  an  excess 
of  hydrochloric  acid,  for  the  purpose  of  destroying  the  excess  of 
nitric  acid :  the  solution  is  then  largely  diluted  with  water,  to 
jprecipitate  the  argentic  chloride,  from  which  it  is  afterwards 
decanted.     A  solution  of  ferrous  sulphate  is  next  prepared  and 
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added  to  the  solution  of  auric  chloride :  i  part  of  gold  requires  be- 
tween 4  and  5  parts  of  the  crystalliised  sulphate  [6FeS0^  -H  2  AuCl,  = 
2(Fej3SOJ-|-Fej,Clg+aAu].  Metallic  gold  is  thus  precipitated 
in  the  form  of  a  Anely  divided  powder^  which^  when  suspended 
in  water,  is  brown  by  reflected,  but  purple  when  viewed  by  trans- 
mitted light.  For  commercial  purposes  it  would  be  sufficient 
now  to  collect  the  gold,  dry  it,  and  after  fusing  it  with  borax,  to 
cast  it  into  ingots ;  but  when  required  to  be  perfectly  free  from 
silver,  the  gold  is  not  melted  at  this  stage,  but  the  precipitated 
metal  is  boiled  with  hydrochloric  acid  of  sp.gr.  1*1.  The  add 
is  decanted,  and  the  residue  is  boiled  twice  with  fresh  acid  with- 
out washing  the  gold  between  these  successive  additions  of  add. 
The  last  traces  of  iron  and  nearly  all  the  argentic  chloride  are  thus 
removed.  The  gold  is  then  washed,  dried,  and  mixed  with  its 
own  weight  of  hydropotassic  sulphate,  and  fused  in  a  Hessian 
crucible.  The  last  portions  of  argentic  chloride  are  thus  re- 
moved, and  the  gold  is  perfectly  pure.  When  thus  prepared  its 
surface  often  exhibits  a  crystalline  appearance,  being  embossed 
with  aggregations  of  tetrahedra  if  the  metal  be  allowed  to  cool 
slowly. 

Levol  prefers  to  precipitate  the  gold  from  an  acid  solution  of 
its  chloride  by  means  of  an  acid  solution  of  antimonious  chloride : 
3SbCl3+aAuCl3=3SbCl5  +  aAu.  The  hydrochloric  solution  re- 
tains any  traces  of  argentic  chloride  which  may  be  present. 

Uses, — Gold  is  employed  in  its  finely  divided  state  for  gilding 
porcelain,  which  is  first  painted  with  an  adhesive  yamidi  and 
allowed  to  become  partially  dry;  the  powdered  metal  is  then 
dabbed  on  with  a  dry  pencil  (having  been  previously  mixed  with 
a  fusible  enamel),  after  which  the  article  is  fired  i  the  gilt  por- 
tions are  subsequently  burnished,  and  take  a  high  polish.  It 
communicates  a  fine  ruby  colour  to  glass,  and  is  the  colouring 
ingredient  in  the  beautiful  red  glass  manufactured  in  Bohemia. 
The  uses  of  gold  in  the  fabrication  of  ornamental  articles  and  in 
coinage  are  well  known  5  like  silver,  it  is  too  soft  to  be  employed 
in  a  pure  state. 

(956)  Gilding  upon  woodwork,  papier-m&ch^,  or  plaster,  is 
effected  by  means  of  gold-leaf,  which  is  attached  to  the  surfiioe 
by  an  adhesive  varnish,  such  as  gold-size.  Gilding  upon  metals 
is  effected  either  through  the  medium  of  mercury,  as  in  one  of 
the  processes  for  silvering  (935),  or  by  voltaic  action,  as  in  the 
operation  of  electro-silvering  already  mentioned;  for  this  purpose, 
a  solution  either  of  the  auro-potassic  cyanide  (AuCyKCy),  or  of 
auro-potassic  sulpYnde  ^k»£.^V  ^  ^^  (^9^)- 


ALLOTS  OF  GOLD PARTING.  781 

With  mercury,  gold  forms  a  semi-solid  amalgam  of  a  yellow- 
isli  colour,  which  is  soluble  in  an  excess  of  mercury.  This 
excess  may  be  removed,  as  in  the  case  of  silver  amalgam,  by  fil- 
tering, and  squeezing  it  through  chamois  leather.  It  is  this 
amalgam  which  is  formed  during  the  extraction  of  gold  from  its 
ores ;  it  is  also  extensively  prepared  for  the  purposes  of  gilding. 
A  combination  of  mercury  with  gold  (AugHg)  may  be  obtained 
crystallized  in  brilliant  four-sided  prisms  by  acting  with  diluted 
nitric  acid,  aided  by  a  gentle  heat,  upon  an  amalgam  of  gold 
containing  about  i  part  of  gold  to  looo  of  mercury  (T.  H. 
Henry) :  these  crystals  are  insoluble  in  nitric  acid. 

(957)  Alloys  of  Gold, — ^The  ductility  of  gold  is  much  impaired 
by  alloying  it  with  other  metals,  though  its  hardness  and  sonorous- 
ness are  increased  :  these  alloys  are  generally  formed  without 
diflSculty.  K  a  proportion  of  tin,  of  cobalt,  of  nickel,  or  of  zinc, 
greater  than  2  per  cent,  of  the  mass  be  present  in  the  alloy,  it  is 
unfit  for  coinage ;  and  still  smaller  quantities  of  lead,  of  arsenicum, 
of  antimony,  or  of  bismuth,  render  gold  brittle.  Palladium  is  a 
still  more  inconvenient  impurity,  since  it  not  only  renders  the 
gold  brittle,  but  it  requires  special  treatment  in  order  to  extract 
it,  as  it  is  not  removed  by  the  ordinary  operations  of  the  refiner. 
A  similar  remark  is  applicable  to  the  alloy  of  platinum  with  gold. 
Small  quantities  both  of  platinum  and  of  palladium  render  the 
gold  nearly  white.  The  native  alloy  of  osmium  and  iridium, 
which  frequently  accompanies  the  Califomian  gold,  does  not 
combine  with  the  metal,  but  remains  disseminated  through  it  in 
distinct  grains  after  the  gold  has  been  melted.  These  grains 
occasion  much  inconvenience ;  they  often  escape  notice  until  the 
metal  passes  through  the  coining  press,  where  they  make  them- 
selves  apparent  by  their  hardness,  and  by  the  injury  which  they 
consequently  inflict  upon  the  dies. 

Silver  and  gold  may  be  alloyed  with  each  other  in  all  propor- 
tions. The  alloy  which  they  form  has  a  pale  greenish-yellow 
colour,  but  it  becomes  nearly  white  when  the  quantity  of  silver 
exceeds  50  per  cent.  The  malleability  of  gold  is  less  diminished 
by  the  presence  of  silver  than  by  that  of  any  other  metal.  In 
the  arts  it  frequently  becomes  necessary  to  separate  these  two 
metals,  and  this  is  usually  eflected  by  the  method  termed  guarta^ 
tion  or  parting.  This  operation  depends  on  the  solubility  of 
silver  in  nitric  acid,  and  the  insolubility  of  gold  in  this  liquid. 
It  is  necessary  that  the  silver  should  amount  to  at  least  three 
times  the  weight  of  gold,  otherwise  portions  of  silver  would  be 
protected  mechanically  from  the  action  of  the  add,  and  the  sepa- 
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rmtkm  would  be  incomplete.  I^  therefore,  the  aUojr  be  fcfund  to 
contain  more  than  a  foorth  of  its  weight  of  g<(dd,  snflBcient  sihrer 
is  added  to  reduce  it  to  this  propcurtion,  and  hence  the  origin  of 
the  term  '  quartation.'  The  metak  are  fused  together,  granulated 
by  being  poured  into  water,  and  they  are  then  digested  in  the 
acid.  The  gold  is  afterwards  melted  into  ingots,  the  wlwer  is 
precipitated  as  chloride,  by  common  salt,  and  the  chloride  is  re- 
duced either  by  zinc  (940),  or  by  fusion  with  an  alkali  (944).  On 
the  large  scale  sulphuric  acid  is  usually  substituted  for  nitzic 
acid ;  it  is  much  cheaper,  and  is  quite  as  effectual  in  dissolTing 
the  silver  if  boiled  upon  it  (947).  Indeed,  in  refining  upon  the 
large  scale,  when  sulphuric  acid  is  used  the  gold  may  be  obtained 
containing  998  or  999  thousandths  of  the  pure  metal ;  wheress 
when  nitric  acid  is  used  it  is  seldom  finer  than  from  993  to  995 

thousandths. 

Silver  and  many  other  metals  may  also  he  removed  fitnn  gold  hy  fixcing 
through  the  melted  metal  a  current  of  chlorine  gas :  argentic  chloride  fbrms, 
and  collects  upon  the  surface,  whilst  the  chlorides  of  anenie,  antimoDy,  hismuth, 
and  zinc  are  yolatilized  if  these  metals  are  present  (F.  B.  Miller). 

The  most  useful  alloy  of  gold  is  that  which  it  forms  with 
copper ;  it  is  of  a  redder  colour  than  pure  gold,  and  considerably 
harder  and  more  fusible,  but  it  is  less  ductile  and  malleable.  It 
is  this  alloy  which  is  used  for  coinage.  British  standard  gold 
contains  833  per  cent,  of  copper,  or  11  parts  of  gold  to  i  part  of 
copper.  The  specific  gravity  of  this  mixture  is  17' 157,  instead 
of  1 8*47^  the  two  metals  expanding  a  little  when  they  unite.  In 
France  and  in  the  United  States  the  standard  gold  contains  10 
per  cent,  of  copper.  Jewellers  frequently  alloy  their  gold  with  a 
mixture  of  copper  and  silver.  The  alloys  of  gold  and  copper, 
when  once  the  materials  have  been  well  mixed,  do  not  exhibit  the 
tendency  to  liquation  which  occasions  so  much  trouble  in  the 
case  of  silver  (937).  The  solder  used  for  uniting  pieces  of  gold 
is  an  alloy  of  gold  with  copper,  which  melts  at  a  lower  tem- 
perature than  pure  gold. 

(958)  Assay  of  Gold, — In  the  assay  of  gold,  a  combination 
of  the  processes  of  cupellation  and  quartation  is  employed*  In 
the  cupellation  of  gold  the  quantity  of  lead  which  is  needed  is 
about  double  that  employed  for  silver :  i  part  of  copper  re- 
quiring about  32  parts  of  lead.  The  assay  of  gold  furnishes 
results  which  are  more  accurate  than  those  obtained  in  the 
cupellation  of  silver.  The  loss  of  gold  by  volatilization  is  very 
much  smaller,  and  scarcely  any  of  the  metal  is  carried  into  the 
cupel  by  an  excess  of  lead. 

The  foliowmg  \a  %£l  o\LV!i^<&  ^i  the  method  adopted  in  tke 
assay  of  gold; — 'TVie  c^;v»si^\:^  oi  ^iSt^fe  ^^^  i^ii  ^sssk^  (puraaDy 
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0*5  grm.)  having  been  accurately  weighed^  it  is  wrapped  in  a 
piece  of  paper^  with  a  proportion  of  silver  equal  to  about  3  times 
that  of  the  gold  which  the  alloy  is  supposed  to  contain^*  and  this 
is  submitted  to  cupellation  in  the  manner  already  described  when 
speaking  of  the  assay  of  silver  (938).  By  this  means  the  silver 
and  the  gold  become  thoroughly  incorporated^  and  the  copper  is 
oxidized  and  absorbed  by  the  cupel  with  the  oxide  of  lead.  The 
auriferous  button  is  then  hammered  into  a  flattened  disk,  of  about 
the  size  of  a  sixpence,  and  annealed,  by  heating  it  to  redness.  It 
is  next  passed  between  a  pair  of  laminating  rollers,  by  which  its 
thickness  is  reduced  to  that  of  an  ordinary  address  card,  after 
which  it  is  a  second  time  annealed.  These  operations  render  it 
sufficiently  flexible  to  allow  of  its  being  coiled  into  a  small  spiral  by 
rolling  between  the  finger  and  thumb.  The  cornet  thus  obtained 
is  next  introduced  into  a  flask  which  contains  about  30  grammes 
of  nitric  acid  of  sp.  gr.  I'iSo,  heated  nearly  to  the  boiling-point. 
Brisk  evolution  of  nitrous  fumes  immediately  ensues ;  the  silver 
is  gradually  dissolved  away,  and  the  gold  is  left  in  the  form  of 
the  original  comet,  as  a  brown,  porous,  very  brittle  mass.  After 
this  first  boiling  has  been  continued  for  10  minutes,  the  flask  is 
removed  from  the  fire,  the  acid  solution  is  poured  off,  and  the 
comet  is  washed  by  carefully  pouring  distilled  water  upon  it; 
and  this  water,  after  standing  for  a  couple  of  minutes,  is  again 
poured  off.  Some  traces  of  silver  are,  however,  still  retained  by 
the  gold,  and,  in  order  to  remove  these,  the  comet  is  again  boiled 
with  nitric  acid,  which,  this  time,  must  be  of  sp.  gr.  1*280.  In 
this  second  boiling,  which  must  be  continued  for  20  minutes,  a 
small  fragment  of  charcoal  or  a  pellet  of  baked  fireclay  should 
be  introduced  into  the  flask,  in  order  to  prevent  the  ebullition 
from  taking  place  irregularly,  with  sudden  bursts,  as  it  is  very 
apt  to  do  if  this  precaution  be  neglected. 


*  An  approximative  estimate  of  the  composition  of  the  alloy  is  sometimes 
made  hy  the  use  of  the  touchstone,  though  it  is  seldom  employed  hy  the  practised 
assayer : — A  number  of  pieces  of  alloy  are  formed  containing  known  quantities  of 
gold  and  copper,  or  of  gold  and  silver :  the  first  consisting  of  pure  gold ;  the 
second  of  23  parts  of  gold  and  i  part  of  copper ;  the  third  of  22  of  gold  and  2 
of  copper,  and  so  on :  the  assayer  selects  one  of  these  alloys,  or  '  needles,'  which 
from  its  colour  he  judges  to  approach  nearest  in  composition  to  the  alloy  which 
he  is  about  to  assay ;  this  he  rubs  upon  a  hard,  black  stone,  the  '  touchstone,' 
which  is  a  peculiar  kind  of  bituminous  quartz  formerly  obtained  from  Lydia,  in 
Asia  Minor ;  black  basalt,  however,  may  be  employed  for  the  purpose :  the  alloy 
leaves  a  streak  upon  the  stone,  the  colour  of  which  is  redder  in  proportion  as  the 
copper  preponderates.  The  streak  formed  by  the  alloy  for  assay  is  then  com- 
pared with  that  of  the  needles,  until  one  of  these  is  found  to  which  it  nearly  cor- 
responds. The  judgment  may  be  further  aided  by  moistening  the  streaks  obtained 
with  a  little  nitric  acid,  which  attacks  the  copper  or  silver,  but  leaves  the  gold. 
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The  acid  having  been  poured  off,  the  flask  is  filled  up  com- 
pletely with  distilled  water.  A  small^  smoothly  finished^  porous 
day  crucible  is  placed  over  the  mouth  of  the  flask^  and  the  flask 
and  crucible  are  inverted^  so  that  the  comet  shall  fall  gently 
through  the  water  into  the  crucible  :  by  a  dexterous  movement 
of  the  hand^  the  flask  is  then  withdrawn  in  such  a  manner  as  to 
prevent  the  overflow  of  any  liquid  from  the  little  crucible ;  the 
water  is  afterwards  carefully  poured  off  from  the  comet,  and  the 
crucible  is  heated  to  redness  in  the  muffle.  By  this  means  the 
gold^  though  it  is  not  frised^  is  rendered  much  more  compact ;  it 
shrinks  in  bulk^  loses  its  brown  appearance,  and  assumes  the 
peculiar  colour  and  lustre  of  the  metal.  When  cold,  the  comet 
is  weighed  with  the  same  precision  as  the  original  alloy.  The 
assayer  calls  the  arbitrary  weight  of  the  alloy  upon  which  he 
operates,  looo;  his  weights  are  all  subdivided  so  as  to  give  him 
the  value  of  the  alloy  in  thoiisandths  of  this  original  quantity  :  so 
that  if  he  find  a  portion  of  the  alloy  which  originally  weighed 
lOOO  of  these  arbitrary  units,  to  yield  a  quantity  of  gold  equal  to 
916I-  of  these  parts,  he  reports  it  as  916*6.  1000  ounces  of  such 
an  alloy  would  contain  916*6  ounces  of  fine  gold. 

The  amoant  of  alloy  upon  which  it  is  most  convenient  to  operate  in  anaying 
is  half  a  gramme,  or  between  7  and  8  grains. 

The  gold  contained  in  the  comet  is  never  absolutely  pore :  it  retains  a  small 
quantity  of  lead  and  of  silver,  and  Irequentl}*  also  traces  of  copper,  which  render 
ltd  weight  a  little  higher  than  it  ought  to  be.  In  order  to  ascertain  the  amount 
of  this  error,  a  number  of  proofs  are  passed  through  the  muffle  simultaneously 
with  the  alloys,  and  subjected  to  the  same  process  as  the  alloys  themselves. 
These  proofs  consist  of  weighed  portions  of  fine  gold,  to  each  of  which  11  added  a 
proportion  of  copper  equal  to  that  estimated  to  exist  in  the  alloys  under  examina- 
tion. The  excess  of  weight  which  these  proofs  indicate  shows  the  amount  of  the 
correction  which  it  becomes  necessary  to  make.  This  correction  is  liable  to  daily 
variation,  according  to  the  temperature  of  the  furnace,  the  more  or  lesa  perfe<^ 
softening  of  the  buttons  during  annealing,  the  thickness  of  the  comets,  Ac ;  bat 
it  usually  varies  from  0'2  to  0*5  parts  in  1000.  Most  assayers  vary  the  quan* 
tity  of  lead  according  to  the  proportion  of  copper  in  the  alloys.  I  have  found 
it  advantageous  to  use  the  same  amount  of  lead  in  all  cases ;  the  oorrection  then 
becomes  uniform  for  all  the  assays  passed  at  one  operation. 

When  the  alloy  contains  very  little  copper,  as  commonly  oocura  with  native 
gold,  the  button  of  alloy  is  liable  *  to  spit '  as  it  cools  after  the  oupellation ;  this 
mischance  may  easily  be  prevented  by  the  addition  of  a  small  fragment  of  copper, 
not  exceeding  50  mgrms.  in  weight,  before  introducing  the  alloy  into  the  cupel 

It  frequently  happens  that  it  is  necessary  to  ascertain  the  proportion  both  of 
gold  and  of  silver  in  a  given  alloy.  If  the  proportion  of  gold  preponderate,  tbe 
quantity  of  gold  is  determined  in  the  manner  above  described,  and  that  of  tbe 
gold  and  silver  together  is  ascertained  by  submitting  a  portion  of  the  alloy  to 
oupellation  with  lead,  as  if  it  consisted  of  silver  only  (938).  The  two  metsk, 
gold  and  silver,  remain  upon  the  cupel,  whilst  the  copper  and  more  oxidiaUe 
metals  are  ab^OTbed.   T\xq  Nt^\^\>  ^C  tji«  residual  button  gives  the  united  wdght 
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of  the  gold  and  silver,  and  the  difference  between  thia  weight  and  that  of  the 
gold  alone  will  of  course  fuminh  the  proportion  of  silver. 

When  the  proportion  of  gold  is  very  small  compared  with  that  of  the  silver, 
the  two  metals  are  treated  with  nitric  acid  at  once,  without  submitting  them  to 
the  usual  assay  for  gold ;  the  acid  dissolves  the  silver  and  other  metals  which  may 
be  present,  leaving  the  gold  in  the  form  of  a  black  powder :  this  powder  must  be 
collected  by  subsidence  in  one  of  the  small  porous  crucibles  used  for  annealing 
^Id  comets,  in  which  it  is  ignited,  and  can  afterwards  be  weighed  without 
difficulty. 

(959)  Oxides  of  Gold. — There  are  two  oxides  of  gold  :  a 
suboxide^  Au^O,  and  a  sesquioxide,  Au^Og :  the  latter  when 
hydrated  possesses  acid  properties^  and  is  frequently  termed  auric 
acid. 

Aurous  oxide,  or  Subowide  of  gold  (Au^O =409*2),  is  obtained 
as  a  dark  green  powder  by  precipitating  aurous  chloride  with  a 
dilute  solution  of  potash ;  it  is  slightly  soluble  in  excess  of  the 
alkali :  when  digested  with  ammonia  it  forms  fulminating  gold  : 
hydrochloric  acid  converts  it  into  metallic  gold  and  auric  chloride. 
Aurous  oxide  undergoes  a  suspension  in  pure  water,  and  passes 
through  the  filter ;  but  boiling  the  solution  after  adding  any  saline 
compound  causes  its  precipitation. 

Auric  oxide,  Peroxide  of  gold  (Au303=44i*2). — This  com- 
poimd  is  best  obtained  by  decomposing  a  solution  of  auric 
chloride  by  magnesia ;  for  if  solutions  of  the  alkalies  be  used, 
they  adhere  strongly  to  the  precipitate  :  it  falls  in  combination 
with  the  earth,  which  may  be  removed  by  means  of  diluted  nitric 
acid,  and  auric  oxide  remains  as  a  yellow  hydrate,  if  the  acid  used 
be  weak,  or  as  a  brown  anhydrous  powder  if  strong ;  it  is  very 
readily  reduced  by  exposure  to  light,  and  at  a  temperature  of 
about  473°  (245°  C.)  it  is  resolved  into  metallic  gold  and  free 
oxygen.  It  is  taken  up  by  strong  nitric  and  sulphuric  acids,  but 
no  true  salts  are  formed ;  the  sesquioxide  being  deposited  again 
from  these  solutions  in  a  pure  state  on  dilution.  Auric  oxide  is 
dissolved  by  hydrochloric,  hydrobromic,  and  hydriodic  acids,  form- 
ing auric  trichloride,  tribromide,  or  triiodide. 

Hydrated  auric  oxide  is  readily  acted  on  by  the  hydrated 
alkalies,  forming  salts  that  have  been  termed  auratea,  which  are 
soluble  in  water,  and  form  yellow  solutions.  Potassic  aurate  crys- 
tallizes in  yellowish  needles  (KLA.u0^3HjjO)  :  its  solutions  may  be 
used  in  electro-gilding.  Most  of  the  compounds  of  auric  acid 
with  the  earths  and  other  metallic  oxides  are  insoluble. 

Auric  oxide  forms   with  ammonia  a  dark   olive-brown  ful- 
minating compound,  analogous  to  that  furnished  by  silver  (942) ; 
the  same  compound  may  be  formed  by  adding  ammonia  to   the 
trichloride,  but  in  this  case  it  is  of  a  reddish-yellow  colour,  owing 
II.  3  X 
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to  the  admixture  of  a  little  ammoniacal  subchloride  of  gold.  So 
great  is  the  attraction  of  auric  oxide  for  ammonia^  that  it  decom- 
poses the  neutral  salts  of  ammonium^  such  as  the  sulphate,  and 
sets  the  acid  at  liberty. 

(960)  Sulphide  of  gold  (Au^S^=9i4'4). — When  a  current  of 
sulphuretted  hydrogen  is  transmitted  through  a  cold  solution  of 
auric  chloride^  a  black  precipitate  is  produced^  which,  according 
to  Levol,  is  a  disulphide,  or  rather  (Au^S^Au^Sj).  It  is  soluble 
in  the  solutions  of  the  sulphides  of  the  alkali-metals :  its  solution 
in  disodic  sulphide  yields  a  colourless  salt  which  is  soluble  in 
alcohol ;  it  crystallizes  in  six-sided  prisms,  consisting  of  (NaAuS, 
i^HjO;  Yorke),  Au4S4+4NajjS  becoming  4AuNaS  +  aNajS,.  If 
finely  divided  gold  be  heated  with  sulphur  in  contact  with 
potassic  carbonate,  a  double  sulphide  of  gold  and  potassium  is 
formed ;  it  resists  a  red  heat,  and  is  very  soluble  in  water  :  this 
sulphur  salt  is  used  for  gilding  china,  and  produces  the  colour 
known  as  Burgos  lustre. 

(961)  Chlorides  of  Gold. — Oold  forms  two  compounds  with 
chlorine — a  protochloride,  AuCl,  and  a  trichloride,  AuClj. 

Aurous  chloride,  or  Protochloride  of  gold  (AuCl = 232*  i). — 
When  auric  chloride  is  exposed  to  a  gentle  heat,  it  fuses,  with- 
out undergoing  decomposition ;  but  if  the  temperature  be  raised 
to  about  347°  (175°  C),  chlorine  is  gradually  expelled,  and  a  pale 
yellow,  sparingly  soluble  powder  is  left,  which  is  the  protochloride. 
It  is  an  unstable  compound,  but  it  may  be  washed  with  cold  water 
to  remove  any  undecomposed  trichloride ;  boiling  water  conyerts 
it  into  a  mixture  of  the  trichloride  with  metallic  gold,  and  a 
similar  change  is  produced  by  exposing  it  to  light.  If  the  tern* 
perature  be  raised  a  little  beyond  392°  (aoo®  C),  the  whole  of 
the  chlorine  is  expelled.  Aurous  chloride,  when  digested  in  a 
solution  of  caustic  potash,  yields  hydrated  aurous  oxide  and 
potassic  chloride. 

Auric  chloride,  or  Trichloride  of  gold  (AuC13=303m)  ;  Ckmp. 
in  100  parts,  Au,  64*86  ;  Cl,  35' 14. — This  compound  is  produced 
when  the  metal  is  dissolved  in  aqua  regia ;  on  evaporating  the 
solution  to  dryness  at  a  temperature  not  exceeding  248°  (lao®  C.)i 
taking  care  to  maintain  the  hydrochloric  acid  in  excess  over  the 
nitric,  this  salt  remains  behind  as  a  red  deliquescent  mass ;  but 
usually  a  portion  of  the  trichloride  is  reduced  to  the  state  of  in* 
soluble  protochloride,  for  it  is  difficult  to  get  rid  of  the  last  por- 
tion of  acid  without  decomposing  part  of  the  salt.  It  forms  with 
water  an  orange-coloured  solution,  which  preserves  its  colour 
even  when  verylax^Vj  dG\»L\ib^\  alcohol  also  dissolves  the  trichlo- 
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ride^  and  ether  takes  it  up  so  freely  as  to  separate  it  from  its 
aqueous  solution  when  agitated  with  it.     Auric  chloride  forms  a 
crystalline  compound  with  hydrochloric  acid ;  it  also  unites  with 
the  chlorides  of  many  of  the  basylous  metals  to  form  double  salts ; 
that  with  potassium  crystallizes  in  efflorescent  striated  prisms^  con- 
sisting of  2(KCl,AuCl3) .  5HjjO ;  that  with  sodium  forms  four-sided 
prisms  (NaCl,AuCl3,2HjO).     The  chlorides  of  most  of  the  organic 
bases   also  form  crystallizable  double  salts  with  auric  chloride : 
these  compounds  are  often  employed  to  determine  the  combining 
number  of  the  organic  alkali.     Auric  chloride  is  easily  reduced 
by  many  substances ;  the  reaction  of  ferroiis  sulphate  in  presence 
of  an  excess  of  acid  has  already  been  mentioned^  so  likewise  has 
that  with  antimonious  chloride  (955).     Oxalic  acid  produces  a 
similar  precipitate  of  metallic  gold  even  in   acid  solutions ;  for 
instance^    aAuCl3-|-3HjjCjj04=aAu-|-6HCl-|-6C02 :    the   powder, 
when  viewed  by  reflected  light,  appears  to  be  of  a  brown  colour, 
but  by  transmitted  light,  whilst  siispended  in  water,  it  has  a  purple 
tint.     Many  organic  substances,  if  moistened  with  a  solution  of 
the  trichloride,  also  exert  a  reducing  effect  upon  it ;  hence  the 
fingers,  or  writing-paper,  if  washed  over  with  the  solution,  be- 
come stained  of  a  violet  colour  when  exposed  to  the  sun's  light. 
Metallic  gold  is  also  readily  obtained  from  the   solution  of  this 
salt  by  other  means.     A  solution  of  sulphurous  acid,  or  a  current 
of  the  gas  transmitted  through  the  solution,  or  a  solution  of  one 
of  the  sulphites, precipitates  the  gold  completely;  2AUCI3-I-3H2O 
-|-3HjjS03=6HCl4-3H3S04+2Au.     Phosphorous  and  hypophos- 
phoroiis  acids,  and  solutions  of  their  salts,  produce  the  same  effect ; 
and  a  similar  result  is  obtained  by  contact  with  many  of  the  metals, 
such  as  mercury,  copper,  iron,  and  zinc.     A  stick  of  phosphorus 
when  immersed  in  a  solution  of  auric  chloride  soon  becomes  coated 
with  the  reduced  metal ;  and  if  a  few  drops  of  a  solution  of  phos- 
phorus in  ether,  or  in  carbonic  disulphide^  be  mixed  with  a  very 
dilute  solution  of  neutral  auric  chloride,  containing  from  30  to 
60  mgrms.  of  the  metal  in  a  litre  of  water,  the  gold  will  be  re- 
duced  in  the  course  of  a  few  hours.     Provided  that  the  bottle 
containing  the  solutions  be  chemically  clean,  the  metal  wiU  be 
separated  in  particles  of  such  extreme  tenuity  that  it  will  remain 
suspended  in  the  liquor  for  months ;  giving  to  it  a  ruby  red  or 
amethystine  colour  when  viewed  by  transmitted  light,  though  it 
appears  to  be  turbid  and  brown  when  seen  by  reflected  light.     If 
this  red  liquid  be  mixed  with  a  small  quantity  of  a  solution  of 
common  salt,   the  ruby  tint  is  immediately  changed  to  purple, 
the    state    of  aggregation  of  the  metal  undergoing  an  inataa- 
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taneous  alteration,  in  consequence  of  which  the  liquid  becomes 
colourless  in  a  few  hours,  and  the  whole  of  the  suspended  parti- 
cles of  gold   are  deposited   in  a  purple  but  perfectly  metallic 

powder  (Faraday). 

(962)  An  auric  bromide  (AoBr,)  crjstallizet  easily,  and  forms  numerom 
doable  salts  with  other  soluble  bromides. 

There  are  two  iodides  of  gold,  correiiponding  to  the  chlorides.  Aurous  iodide 
(Aal)  is  a  yellow  iiisoluble  powder.  The  auric  iodide  (Aul,)  is  unstable;  it  is  green 
and  sparingly  soluble ;  it  forms  double  salts  with  the  iodides  of  the  alkalt-metshu 

(963)  Purple  of  Cassius, — When  a  mixture  of  stannous  and 
stannic  chloride  very  much  diluted  is  added  drop  by  drop  to  a 
dilute  neutral  solution  of  auric  chloride,  a  fiocculent  purple  de- 
posit takes  place.  The  same  compound  is  readily  formed  by 
.digesting  metallic  tin  in  a  neutral  solution  of  auric  chloride; 
metallic  gold  and  the  purple  of  Cassius  being  formed.  The  true 
nature  of  this  compound  has  been  the  subject  of  much  discussion. 
Berzelius  concluded  from  the  researches  of  Figuier  {Ann.  de  CMmie, 
III.  xi.  354)  that  it  consists  of  a  hydrated  double  stannate  of  gold 
and  tin  (Sn"AUjjSn20g,4H20).  Purple  of  Cassius  undergoes  a  sus- 
pension in  pure  water,  and  passes  through  the  filter,  but  it  is  sepa- 
rated on  adding  a  salt  to  the  liquid  and  boiling  it.  It  is  inso- 
luble in  solutions  of  potash  and  soda,  but  soluble  in  ammonia, 
forming  a  deep  purple  liquid,  from  which  it  is  deposited  un- 
changed if  the  ammonia  be  expelled  by  heat,  or  neutralized  by  an 
acid.  This  solution  is  bleached  by  the  action  of  light,  and  gold 
is  deposited.  Purple  of  Cassius  is  decomposed  by  the  acids,  metallic 
gold  being  left ;  but  it  is  not  changed  by  the  action  of  light.  If 
heated  to  redness  water  is  expelled,  and  a  red  powder  is  left,  which 
is  a  mixture  of  metallic  gold  and  stannic  oxide.  Purple  of 
Cassius,  when  mixed  with  a  little  borax  or  some  fusible  glass,  and 
applied  to  the  surface  of  china,  imparts  to  it  a  beautiful  rose  or 
a  rich  purple  colour.  It  is  this  compoimd  which  is  added  as  the 
colouring  material  in  the  red  glass  of  Bohemia. 

(964)  Charactebs  of  the  Salts  of  Gold. — The  salts  of  gold 
are  recognized  by  the  brown  precipitate  of  metallic  gold  produced 
by  ferrous  sulphate  in  their  acidulated  solutions  in  the  absence  of 
free  nitric  acid ;  and  by  the  formation  of  the  purple  of  Cassiai 
on  adding  to  the  neutral  solution  a  dilute  mixture  of  sttamous  and 
stannic  chloride.  Metallic  tin  yields  the  same  precipitate,  and  is 
a  still  more  delicate  test.  Salts  of  gold  are  reduced  to  the  metallic 
state  by  boiling  their  acidulated  solutions  with  a  soluble  oxaUit 
fomiiate,  or  sulphite.  Mercurous  nitrate  also  gives  a  dark  browa 
precipitate  of  reduced  gold.  All  the  salts  of  gold  aie  deoom* 
posed  wben  iguitedL  Va  \ke  o'^x^  voi. 
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(965)  Estimation  of  Gold, — Gold  is  always  estimated  in  the 
metallic  state.  It  may  readily  be  separated  from  all  the  preceding 
metals  by  precipitating  its  solution  by  means  of  a  solution  of 
ferrous  sulphate^  after  acidulating  it  with  hydrochloric  acid. 
The  precipitate  is  collected  upon  a  filter,  ignited,  and  weighed  as 
pure  gold. 

§  IV.  Platinum:  (Pt=  197-1.)      Sp.  Gr.  21-5;  Dyad  in  Platinous 
salts,  as  PtClj ;  Tetrad  in  Platinic  salts,  as  PtCl^. 

(966)  Platinum  (from  the  Spanish  Platina,  ^  little  silver')  is 
a  metal  which  is  found  in  but  comparatively  few  places :  it  was 
not  recognized  as  a  separate  metal  until  Wood,  an  assayer  of 
Jamaica,  in  1741,  pointed  out  its  distinctive  characters.  It 
always  occurs  in  the  native  state,  usually  in  small  flattened  grains, 
in  which  it  is  mixed  with  palladium,  rhodium,  osmium,  ruthenium, 
and  iridium, — metals  which  are  rarely  found  except  when  asso- 
ciated with  platinum.  Occasionally  it  occurs  in  larger  nodules, 
frequently  alloyed  with  gold,  and  traces  of  silver,  and  with  copper, 
iron,  and  lead.  The  deposits  of  platinum  are  for  the  most  part 
met  with  in  alluvial  districts  associated  with  the  debris  of  the 
earliest  volcanic  rocks.  Platinum  is  chiefly  supplied  from  the 
mines  of  Mexico,  of  Brazil,  and  of  the  Ural  Moimtains.  It  has 
also  been  met  with  in  California  and  Australia.  It  is  separated 
by  washing,  from  the  lighter  impurities  contained  in  its  ore. 

Extraction, — On  account  of  the  extreme  infusibility  of  pla- 
tinum, it  requires  a  mode  of  manipulation  which  is  complicated 
and  peculiar,  i.  The  method  ordinarily  employed  was  contrived 
by  Wollaston : — ^The  ore,  which  usually  contains  from  75  to  85 
per  cent,  of  platinum,  is  treated  separately  first  with  nitric  acid, 
and  then  with  hydrochloric  acid,  in  order  to  remove  the  more 
easily  oxidizable  metals,  after  which  it  is  digested  at  a  moderate 
heat  in  diluted  aqua  regia  as  long  as  anything  is  dissolved,  the 
solution  of  the  platinum  taking  place  very  slowly.  It  is  best 
therefore  to  place  the  ore  in  hydrochloric  acid,  and  add  small 
quantities  of  nitric  acid  at  intervals  to  maintain  the  action,  taking 
care  to  maintain  a  suflScient  excess  of  hydrochloric  acid.  The 
dear  liquid  is  then  decanted,  and  the  residue  again  treated  with 
fresh  acid  as  long  as  anything  is  dissolved :  into  the  mixed  acid 
solutions  a  solution  of  sal  ammoniac  in  5  times  its  weight  of  water 
is  poured  (41  parts  of  the  salt  to  100  of  ore) :  the  greater  part  of 
the  platinum  is  thus  precipitated  in  the  form  of  a  yellow  double 
salt  (2H^NCl,PtClJ,  which  is  sparingly  soluble.  The  mother- 
liquor  still  retains  a  portion  of  platinum^  which  is  precipitated  by 
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means  of  metallic  iron ;  the  black  powder  is  redissolved  in  aqni 
regia,  and  again  precipitated  by  the  addition  of  Bal  ammoniac,  the 
double  salt  thus  obtained  being  added  to  the  fint  crop.  The 
ammonio-platinic  chloride  is  then  washed,  and  heated  to  rednen, 
by  which  means  the  ammonia  and  chlorine  are  expelled,  leaving 
the  platinum  behind  in  porous  slightly  coherent  massea;  this 
spongy  platinum  is  powdered  in  a  wooden  mortar  and  rubbed  into 
a  magma  with  water,  in  which  state  it  is  thoroughly  washed ;  the 
metallic  particles  soon  subside,  and  the  lighter  impurities  are 
carried  away.*  This  metallic  mud  is  nest  poured  into  a  some- 
what conical  brass  mould,  closed  below  with  blottiog-paper  looody 
supported  by  a  plug ;  the  greater  part  of  the  water  drains  off,  aAer 
which  the  whole  is  subjected  to  the  action  of  a  very  powerfiil 
press.  The  mass,  previously  of  a  dull  grey  colour,  now  assumes 
a  compact  metallic  appearance,  and  acquires  a  specific  gravity  of 
about  lo ;  it  is  next  exposed  to  an  intense  heat  in  a  wind  Aimace, 
and  the  ingot  is  forged  by  ham- 
mering it  upon  its  two  ends,— 
never  upon  its  sides,  as  if  this 
,  were  done  it  would  split.  This 
heating  and  forging  is  seven! 
times  repeated  until  the  mass  be- 
comes homogeDCOus  and  ductile; 
it  then  has  a  specific  gravity  of 
about  2i'j.  WoUaston's  procesi 
for  working  platinum  dependi 
upon  its  property  of  welding  si 
very  high  temperatures.  Deville 
and  Debray,  in  their  important 
memoir  on  platinum  and  the 
metals  which  accompany  it  (^aa 
de  Ckimie,  III.  Ivi.  385),  recwa- 
mend  fusion  of  platinum  by  meani 
of  the  oxyhydrogen  blowpipe,  is  1 
cavity  formed  in  a  mass  of  lime, 
for  the  purpose  of  freeing  commer- 
cial platinum  firom  the  silicon  and 
osmium  which  it  always  contaiu- 
Tbe  sppwatiu  oonsiiti  of  tiia  blowpipe,  0,  fig.  375,  a  famaoe,  ^  ■  d,  aadi 
crucible,  o  H  I.     Tba  blowpipe  is  oompOKd  of  a  ooppec  Uibe  1 3*"°'  in  diunaUr, 


*  PUtinnm  thai  prepared  luually  rebuiu  a  Bmall  qoantil^  ot  iridium,  Mi 
accompaniet  tbe  ammooio-platiDio  cbloride.  The  platinnm  mmj  be  freed  bm 
this  impori^  \(j  Um  mttho^  ^Monbed  in  eartgn^  (99>)> 
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tarminalJri^  below  in  a  slightly  oonic&I  plstinam  jet  40'°°''  (about  an  inch 
acid  a  half]  long.  Within  this  tubo,  which  is  supplied  with  hjdrogen  through 
the  dtopcxick,  H,  i«  a  second  copper  tube,  (/,  terniiDa(«d  also  by  a  platioiun 
nozzle  with  an  aperture  of  from  3  to  3"°"'  in  diametw. 

The  furnaoe,  a  b  s,  confliiti  of  three  pieces  of  well-bamt  lime  of  slightly 
hjdianlic  quality,  which  can  be  turned  st  a  lalhe  with  ease.  The  cylinder,  1,  is 
about  60'°°''  thick,  and  is  perforated  with  a  slightly  conical  tube,  into  which 
the  blowpipe  fits  accuiately,  and  is  allowed  hi  pass  about  half-way  through  the 
thickness  of  the  inaas.  A  second  somewhat  deeper  cylinder  of  lime,  b,  is  hol- 
lowed into  a  chamber  sufficiently  wide  to  admit  the  crucible  and  leave  an  interval 
of  not  more  than  3  or  4"™-  clear  arouud  it.  At  k  k  are  four  apertures  for  the 
escape  of  the  products  of  combuHtion. 

The  outer  crucible,  b  h,  is  also  made  of  lime,  hat  it  contains  a  smaller  cru> 
oible,  I,  of  gas  coke,  provided  with  a  cover  of  the  same  material,  and  in  this  the 
■ubstance  to  be  fused  is  pluced,  the  crucible  resting  on  the  lime-support,  d'.  The 
conical  cover,  g,  is  made  of  lime,  and  its  apex  should  be  placed  exactly  under  the 
blow-pipe  jet,  at  a  distance  from  it  of  from  20  to  30°"°'  or  about  an  inch. 

The  different  pieces  of  the  furnace  munt  be  bound  round  with  thin  iron  wire 
to  iupport  them  when  thej  crack.    The  oijgen  is  admitted  under  a  pressure  of  a 
column  of  4o'"°'(  16  inches)  of  water.  The  temperature 
ii  gradually  raised  to  the  maiimum.  and  in  about  8  ^^^'  27^- 

minutes  from  this  tjiue  the  eiperiuient  is  complete 

By  employing  a  jet  of  mixed  coal-gas  and  ox]  gen 
(e  q,  fig.  3^6)  in  a  furnace  of  lime,  i  b,  provided 
with  lip  at  D  for  pouring,  Deville  and  Debray  »uc 
eeeded  at  an  expense  of  from  1400  litres  o(  oijgen  ji 
or  about  43  cubic  feet,  in  melting  and  refining  to  42 
minutes,  ii_595kil.  (2  5*4  lb.  avoirdupois)  of  pla- 
tinam,  and  casting  it  into  an  ingot  in  a  mould  of 
gas-ooke;  and  much  larger  masses  have  since  been 
melted  hy  this  method.  Lime  is  so  bad  a  conductor 
of  heat,  that,  if  a  cup  of  lime  not  more  than  20'°'°  thick  he  filled  with  melted 
platiDam,the  exterior  scarcely  rises  beyond  303°  (150°  C  ) 

2. — Deville  and  Debray  have  introduced  an  entirely  new 
method  for  the  extraction  of  platinum  from  its  ores,  of  which  the 
following  is  an  outline : — A  small  reverberatory  furnace,  the  bed 
of  which  is  composed  of  a  hemispherical  cavity  of  fire-brick,  lined 
with  clay,  is  heated  to  full  redness,  and  a  chaise  consisting  of 
100  kUos.,  or  3  cwt.  of  the  platinum  ore,  mixed  with  an  equal 
weight  of  galena,  ia  added  in  small  quantities,  stirring  with  iron 
rods  until  the  platinum  and  lead  ore  have  combined  into  a  matt. 
A  small  quantity  of  glass  is  thrown  in  to  act  as  flux,  and  by  de- 
grees a  quantity  of  litharge  equal  in  weight  to  the  galena  employed 
ia  added.  The  sulphur  is  thus  completely  oxidized  and  expelled, 
whilst  the  lead  of  the  galena  and  the  lithai^e  is  reduced  to  the 
metallic  state,  when  it  forms  an  easily  ftisible  alloy  with  the 
platinum.  The  melted  mass  is  now  left  completely  at  rest  for 
some  time.  The  osmide  of  iridium  (which  is  not  attacked  at  all 
during  the  operation)  gradually  sinks  to  the  bottom  of  the  liquid 
alloy,  and   the  upper    portions    of   the    platiuiierous   lead   are 
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cautiously  decanted  from  it  by  iron  ladles,  and  cast  into  ingot 
moulds.  The  residue,  containing  the  osmide  of  iridium^  is  added 
to  a  subsequent  melting. 

The  platiniferous  lead  is  then  submitted  to  cupellation  in  the 
ordinary  manner,  and  the  crude  metallic  platinum  left  after  cupella- 
tion is  refined  by  fusion  on  a  bed  of  lime,  by  means  of  the  oxyhy- 
drogen  blowpipe :  after  undergoing  this  operation  it  furnishes 
a  ductile  and  malleable  alloy  of  platinum  with  some  of  the  metals 
which  accompany  it. 

The  alloy  of  platinum  iridium  and  rhodium  is  well  adapted  to 
the  preparation  of  crucibles,  for  if  the  proportions  of  the  metals 
be  properly  adjusted,  this  alloy  is  harder  and  resists  a  higher  tem- 
perature than  pure  platinum ;  at  the  same  time  it  is  less  easily 
attacked  by  chemical  agents.  Such  an  alloy  may  be  obtained 
from  the  crude  platinum  ore  by  simply  ftising  it  by  the  oxyhy- 
drogen  blowpipe  upon  a  bed  of  lime  with  a  quantity  of  lime 
equal  in  weight  to  the  amount  of  iron  in  the  ore.  Palladiimi 
and  osmium  are  volatilized  during  this  process  of  ftision,  whilst 
the  copper  and  iron  become  oxidized,  and  form  fusible  compounds 
with  the  lime. 

(967)  Properties, — Platinum  is  a  white  metal  susceptible  of  a 
high  lustre,  and  when  pure  is  about  as  hard  as  copper.  In  ducti- 
lity it  rivals  iron,  and  in  tenacity  it  is  inferior  only  to  iron,  cobalt, 
and  nickel,  and  perhaps  copper.  It  resists  the  highest  heat  of 
the  forge ;  but  it  may  be  fused  by  the  voltaic  battery  or  by  the 
oxyhydrogeu  blowpipe,  before  which  it  is  volatilized,  and  is  dis- 
persed with  scintillations.  Deville  and  Debray  state  that  it 
absorbs  oxygen,  and  if  melted  in  considerable  masses  spits  like 
silver  on  rapid  cooling.  Attempts  to  crystallize  platinum  arti- 
ficially have  not  succeeded,  but  very  perfect  octohedra  have  been 
met  with  in  its  native  beds.  Its  specific  gravity  differs  somewhat 
with  the  mode  of  manipulation  to  which  it  has  been  subjected, 
but  it  varies  between  21  and  22,  being  (with  the  exception  of 
iridium  and  osmium,  which  are  equally  dense)  the  heaviest  form 
of  matter  as  yet  known.  It  expands  less  by  heat  than  any  other 
metal,  and  in  its  power  of  conducting  heat  and  electricity  it  is 
much  inferior  to  gold  and  silver, — in  these  respects  ranking  very 
near  to  iron. 

Platinum  does  not  undergo  oxidation  in  air  at  any  temperature: 
none  of  the  acids  have  singly  any  effect  upon  it ;  aqua  regia  dis- 
solves it,  though  but  slowly.  If  heated  to  redness  in  air  in 
contact  with  caustic  alkalies  or  alkaline  earths,  especially  with 
hydrate  of  Uthia  or  ^ritb  baryta^  it  is  corroded,  owing  to  the  for- 
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mation  of  an  oxide  whicli  combines  vnth  the  alkaline  base.  When 
phosphorus  is  heated  with  spongy  platinum^  combination  between 
them  takes  place  readily*  The  attraction  of  sulphur  for  platinum 
Lb  much  less  powerful.  Dry  chlorine  is  without  action  upon  this 
metal^  even  when  aided  by  heat. 

(968)  Platinum  black. — Platinum  may  be  obtained  in  a  state  of  Bnbdi vision 
still  finer  than  that  in  which  it  is  left  on  heating  the  ammonio-platinic  chloride. 
In  this  form  it  has  the  appearance  of  soot,  and  is  termed  platinum  black.  It 
may  be  procured  in  this  condition  by  several  methods,  of  which  one  of  the  most 
efficacious  consists  in  dissolving  platinous  chloride  in  a  strong  solution  of  caustic 
potash,  and  adding  alcohol  to  the  hot  liquid  which  is  placed  in  a  capacious  vessel, 
and  kept  constantly  stirred ;  brisk  effervescence  takes  place,  owing  to  the  escape 
of  carbonic  acid ;  the  platinum  is  reduced,  and  is  deposited  as  a  black  powder, 
which  requires  repeated  washing, — first  with  alcohol,  next  with  potash,  then  with 
hydrochloric  acid,  and  lastly  with  water.  Platinum,  in  this  finely  divided  state, 
greedily  condenses  oxygen  from  the  air,  and  absorbs  many  times  its  bulk  of  the 
gSLR.  If  moistened  with  alcohol  or  ether  it  imparts  this  oxygen  to  them,  and 
forms  new  compounds,  whilst  the  powder  glows  from  the  heat  which  is  extricated. 
In  all  its  states,  platinum  possesses,  in  a  marked  degree,  this  property  of  con- 
densing gases  upon  its  surface;  and  the  more  finely  it  is  divided,  and  conse- 
quently the  larger  the  surface  which  it  presents,  the  more  striking  is  the  phe- 
nomenon. 

(969)  Uses, — The  most  important  applications  of  platinum  are 
confined  to  the  laboratory  of  the  manufacturing  and  experimental 
chemist ;  they  depend  upon  its  great  infusibUity,  and  its  power  of 
resisting  chemical  agents.  Its  introduction  as  a  material  for  the 
construction  of  apparatus  employed  by  the  analytical  chemist  has 
contributed  in  no  small  degree  to  the  rapid  progress  of  the  science 
during  the  last  forty  or  fifty  years,  by  conferring  upon  its  experi- 
ments a  precision,  neatness,  and  accuracy  till  then  unattainable. 
In  the  concentration  of  oil  of  vitriol,  large  platinum  stills  are 
frequently  employed ;  some  of  these  vessels  weigh  upwards  of  looo 
ounces,  or  28*4  kilos.  It  is  found  expedient  to  gild  these  vessels 
upon  their  inner  surface,  for,  unless  this  precaution  be  adopted, 
the  stills  when  made  of  platinum  prepared  by  Wollaston^s  method, 
after  a  short  time  become  suflSciently  porous  to  allow  the  acid  to 
transude.  An  attempt  was  made  in  Russia  to  employ  platinum 
for  coinage,  but  it  was  found  to  be  inconvenient,  and  the  experi- 
ment has  been  abandoned.  Platinum  is  sometimes  used  for  the 
touch-holes  of  fowling-pieces. 

Alloys, — ^Platinum  may  be  easily  alloyed  with  many  of  the 
more  fusible  metals,  the  combination  generally  taking  place  with 
the  extrication  of  light  and  heat.  These  alloys  are  much  more 
fusible  than  pure  platinum:  care  must  therefore  be  taken  not  to 
heat  the  oxides  of  easily  reduced  metals,  such  as  lead  or  bismuth, 
in  platinum  crucibles,  as  if  the  oxides  should  happen  to  be  re- 
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duced^  the  crucible  would  be  destroyed  by  the  formation  of  a  fiisible 
alloy.  Most  of  the  platinum  of  commerce  contains  iridium,  which, 
without  impairing  its  power  of  resisting  chemical  agents,  increases 
its  hardness  and  durability.  It  is  remarkable,  that  though  pure 
platinum  is  perfectly  insoluble  in  nitric  acid,  yet  when  alloyed 
with  I  o  or  I  a  times  its  weight  of  silver,  both  metals  are  easily  and 
completely  dissolved  by  the  acid.  An  amalgam  of  platinum  may 
be  formed  by  acting  upon  an  amalgam  of  sodium  with  a  neutral 
solution  of  the  sodio-platinic  chloride  (2NaCl,PtClJ ;  and,  accord- 
ing to  Levol,  when  this  amalgam  is  attacked  by  nitric  acid,  the 
platinum  as  well  as  the  mercury  is  partially  dissolved. 

Platinnm  enters  into  combination  with  carbon  and  with  silicon :  sometimes 
in  the  fusion  of  ordinary  platinum  wire  before  the  blowpipe,  the  globules  of  ths 
melted  metal  become  covered  with  a  film  of  colourless  glass,  arising  from  the 
oxidation  of  the  silicon  and  the  fusion  of  the  resulting  silica.  A  brittle  granular 
compound  of  platinum  and  silicon  was  accidentally  obtained  by  Daniell,  owing  to 
the  action  of  the  silicon  at  a  high  temperature  upon  one  of  the  platinum  ban  of 
his  pyrometer.  It  appeared  to  be  formed  by  a  kind  of  cementation,  the  silicon 
being  derived  from  the  clay  of  the  envelope  in  which  the  bar  was  heated :  the 
proportion  of  silicon  amounted  to  i  *5  per  cent.  A  fusible  compound  of  platinum 
with  boron  was  also  obtained  by  Wohler  and  Deville. 

(970)  Oxides  op  Platinum. — There  are  two  oxides  of  plati- 
num, a  protoxide  and  a  dioxide.  The  protoxide  {platinous  oxide, 
PtO=2i3)  is  procured  by  digesting  platinous  chloride  in  a  solu- 
tion of  potash  :  a  dark  olive-green  liquid  is  thus  obtained,  owing 
to  the  solution  of  the  oxide  in  the  excess  of  alkali.  On  neu- 
tralizing the  solution  with  sulphuric  acid,  a  black  hydrated  plati- 
nous oxide  subsides.  It  is  slowly  dissolved  by  acids,  forming  un- 
stable salts  with  them,  and  is  readily  decomposed  by  heat 
Platinous  sulphite  forms  several  soluble  double  salts  with  the  sul- 
phites of  the  alkalies,  such  as  a{3K2SOj,PtSOj),3H20  obtained 
by  heating  potassio-platinous  chloride  with  a  solution  of  hydro- 
potassic  sulphi^,  when  minute  straw-yellow  prisms  are  deposited 
on  cooling.     Similar  salts  exist  with  ammonium  and  silver. 

The  dioxide,  orplatifdc  oxide  {PtOj= a29),has  a  strong  tendency 
to  combine  with  alkaline  bases ;  it  is  therefore  prepared  by  adding 
to  a  solution  of  platinic  nitrate  only  one  half  of  the  quantity  of 
sodic  carbonate  which  is  necessary  for  its  complete  precipitation. 
It  is  thus  procured  as  a  voluminous  brown  hydrate  (PtOjjaH^O), 
from  which  water  is  expelled  at  a  gentle  heat,  whilst  the  man 
becomes  darker ;  a  higher  temperature  expels  the  whole  of  the 
oxygen.  Hydrated  platinic  oxide  is  soluble  in  solutions  of  potash 
and  soda ;  the  compounds  thus  formed  may  be  obtained  in  crys- 
tals. The  soda  compound  consists  of  NajO,3PtOj,6H30.  Platinic 
oxide  also  enters  into  coi£\yav'd.\\oTimth  other  bases^  forming  com- 
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pounds  most  of  which  are  insoluble. '  This  oxide  is  also  soluble 
in  acids^  and  forms  well  characterized  salts,  the  solutions  of  which 
have  a  yellowish- brown  colour. 

(971)  Sulphides  of  Pla.tinum. — Platinum  combines  with  sulphur  in  two 
proportions,  PtS  and  PtS,. 

Platinous  sulphide  (PtS)  may  be  obtained  as  a  black  precipitate  by  passing 
sulphuretted  hydrogen  over  moistened  platinous  chloride ;  it  may  also  be  pro- 
cured by  heating  sulphur  with  ammonio-platinic  chloride,  when  it  assumes  tho 
form  of  a  grey  powder  of  metallic  appearance,  from  which  the  sulphur  is  com* 
pletely  expelled  by  heating  it  in  the  open  air. 

The  disulphide  (PtS,)  is  best  procured  by  decomposing  the  sodio-platinio 
chloride  by  sulphuretted  hydrogen;  it  falls  as  a  dark-brown  powder,  which 
becomes  black  during  desiccation.  It  is  somewhat  soluble  in  the  sulphides  of  the 
alkali-metals.  By  ignition  in  closed  vessels  it  is  converted  into  protosulphide. 
When  exposed  to  the  air,  and  gently  heated,  it  is  partially  converted  into  platinic 
sulphate,  but  at  a  higher  temperature  is  wholly  decomposed,  metallic  platinum 
remaining. 

(972)  Chlorides  of  Platinum. — These  correspond  in  number 
to  the  sulphides  and  oxides  of  the  metal. 

In  order  to  procure  the  platinous  chloride,  formerly  known  as 
the  protochloride  (PtCl2=268),  the  solution  of  platinum  in  aqua 
regia  should  be  evaporated^  and  the  residue  exposed  to  a  heat  of 
455°  {^35°  ^')>  ^^  long  as  any  chlorine  is  expelled ;  the  compound 
which  remains  is  platinous  chloride.  It  is  of  an  olive  colour, 
and  is  insoluble  in  water :  it  is  scarcely  acted  upon  by  nitric  or 
by  sulphuric  acid ;  hydrochloric  acid  dissolves  it  when  warmed : 
and  it  is  dissolved  easily  by  caustic  potash,  and  by  platinic 
chloride,  with  which  latter  it  forms  a  double  salt,  of  so  deep  a 
brown  colour  as  to  appear  opaque  in  a  concentrated  solution.  It 
forms  crystallizable  double  salts  with  the  chlorides  of  the  alkali- 
metals. 

Platinic  chloride,  or  tetrachloride  (PtCl^= 339*1,  formerly  bi- 
chloride of  platinum) ;  Comp.  in  100  parts,  Pt,  58*11 ;  CI,  41*89. — 
This  salt  is  obtained  by  dissolving  platinum  in  aqua  regia,  and 
evaporating  the  solution  to  dryness  by  means  of  a  steam  heat.* 
It  is  a  deliquescent  salt,  and  forms  a  deep  orange-coloured  solu- 
tion in  water,  from  which  it  may  be  obtained  crystallized  in 
prisms;  it  is  also  dissolved  largely  by    alcohol  and  by    ether. 


*  In  an  active  laboratory  a  number  of  residues  containing  platinum  gp^n* 
ally  accumulate,  and  these  may  be  turned  to  account  in  the  following  manner  :— 
The  solutions,  mixed  with  the  precipitates,  are  evaporated  to  dryness,  and  trans- 
ferred to  a  clay  crucible,  in  which  they  are  heated  strongly,  with  free  access  of 
air,  in  order  to  bum  ofif  organic  matters ;  afler  which  the  residue  is  boiled  with 
hydrochloric  acid,  then  with  water,  and  lastly  with  nitric  acid;  a  thorough 
washing  with  water  follows.  The  impurities  having  thus  been  removed,  the 
residoal  plat.innm  may  be  converted  into  tetrachloride  by  means  of  aqua  regia. 
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When  heated  to  455°  (235^  C.)  it  loses  half  its  chlorine,  forming 
platinous  chloride,  and  if  the  temperatnre  be  further  raised,  it  is 
completely  decomposed,  and  metallic  platinum  is  left.  Platinic 
chloride  may  easily  be  reduced  to  a  platinous  salt  by  transmitting 
sulphurous  acid  through  a  boiling  solution  of  the  salt  containing 
hydrochloric  acid  in  excess;  by  excess  of  sulphurous  acid  the 
solution  is  slowly  rendered  colourless,  when  it  contains  platinous 
sulphite,  and  free  hydrochloric  acid. 

With  other  chlorides,  platinic  chloride  forms  numerous  double 
salts,  which  are  produced  by  mixing  the  solutions  of  these  chlorides 
with  that  of  the  tetrachloride,  and  evaporating.  The  potassio- 
platinic  chloride  (2KCl,PtCl4=488*2  ;  sp.gr.y ^86)  is  a  sparingly 
soluble  anhydrous  compoimd,  which  crystallizes  in  octohedra ;  it 
is  insoluble  in  alcohol  and  in  ether.  This  salt  is  commonly  used 
as  a  means  of  determining  analytically  the  quantity  of  potassium 
in  a  compound  :  100  parts  of  this  salt  contain  Pt,  40*37  ;  K,  i6*02 
=  as  K3O,  19*29.  It  is  decomposed  by  a  red  heat,  into  potassic 
chloride  and  metallic  platinum.  The  sodio-platinic  chloride 
(2NaCl,PtCl^,6H20),  crystallizes  in  beautiful  red  striated  prisms, 
which  are  soluble  in  water,  alcohol,  and  ether.  The  ammonio- 
platinic  chloride  (2H^NCl,PtCl^=446 ;  sp.  gr.  3009)  is  very 
similar  in  appearance  to  the  corresponding  potassic  salt,  with 
which  it  is  isomorphous :  it  is  sparingly  soluble  in  water,  and  is 
insoluble  in  alcohol  and  in  ether.  This  salt  is  employed  in 
analysis  for  determining  the  quantity  of  ammonia  present  in  solu- 
tions; 100  parts  of  this  salt  contain,  Pt,  44*17  and  H3N,  7*62. 
It  is  also  made  use  of  for  separating  platinimi  from  the  other 
metals  with  which  it  is  associated,  after  they  have  been  brought 
into  solution  by  treating  the  ore  with  aqua  regia  (966).  When 
ammonio-platinic  chloride  is  ignited,  the  ammonium  and  chlorine 
are  wholly  expelled,  and  pure  platinimi  remains  in  the  spongy  form. 

(973)  -5<WM?  Ammoniacal  Derivatives  from  the  Chloride*  qf  PlcUinum, — 
The  action  of  ammonia  upon  platinoos  chloride  gives  ruie  to  the  formation  of 
several  remarkahle  compound  bases,  the  composition  of  which  offers  considerable 
interest  in  a  theoretical  point  of  view.  Magnus  found  that  if  platinous  chloride 
be  dissolved  in  hydrochloric  acid,  the  addition  of  an  excess  of  ammonia  to  the 
boiling  solution  causes  the  deposition  of  brilliant,  green,  acicular  crystals  whidi 
are  insoluble  in  water  and  in  hydrochloric  acid :  they  contain  the  elements  of  i 
atom  of  platinous  chloride,  and  2  of  ammonia  (Pt%M,U,N,).  This  compound, 
however,  undergoes  no  change  when  digested  at  ordinary  temperatures  in  soln* 
tions  of  the  caustic  alkalies,  or  in  the  concentrated  acids,  but  when  boiled  with 
them  it  is  slowly  decomposed.  If  digested  in  diluted  nitric  acid,  one-half  of  the 
platinum  is  separated  as  nitrate,  and  on  evaporating  the  solution^  a  salt  is  ob- 
tained crystallized  in  small,  brilliant  flattened  prisms  (PtCl^H^^N^aHNO^ 
J^either  the  chlorme  nor  the  platinum  can  be  detected  in  this  solution  by  the 
usual  tests.     The  mtnc  acVii  m«i:j  \)«  ^\v^\ac»i  (rom  it  by  double  deoompcMiiicMi 
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with  Bodic  solphate,  phosphate,  or  oxalate,  and  a  sparingly  soluble  sulphate, 
phosphate,  or  oxalate  of  the  platinum  base  is  then  formed.  The  base  of  these 
salts  (commonly  called  Gras*s  salts,  from  the  name  of  their  discoverer)  has  not 
been  isolated. 

Raewsky  discovered  that  if  the  green  salt  of  Magnus  be  boiled  with  concen- 
trated nitric  acid,  red  fumes  are  disengaged,  and  a  different  salt  is  formed,  which 
may  be  obtained  in  crystals  on  evaporation.  The  nitric  acid  may  be  displaced 
from  this  compound  by  an  equivalent  quantity  of  oxalic  or  of  carbonic  acid. 

Raewsky's  nitrate  may  also,  according  to  Hadow,  be  formed  readily  by 
boiling  Gh-os's  nitrate  for  some  hours  with  a  solution  of  argentic  nitrate  and 
nitric  acid,  by  the  following  reaction ;  2(PtCl,Hj^N^2HN0J  +  2  AgNO,  +  H,0  = 
PtjCljH^NgO^HNO,  +  2 AgCl  +  2HNO,.  A  very  characteristic  reaction  was 
obtained  by  Hadow  with  this  salt,  by  giving  with  a  very  dilute  solution  of 
platinous  chloride  strongly  acidulated  with  nitric  acid,  a  beautiful  copper-coloured 
moss-like  precipitate. 

Besides  these  compounds^  other  platinum  bases  derived  from 
ammonia  have  been  obtained,  of  which  the  following  is  a  brief 
account : — 

Platosamine ;  Reisei^s  second  base  (Pf'H^Nj^HgO). — This  is  a 
greyish  mass  insoluble  in  water  and  in  ammonia,  which  may  be 
obtained  by  heating  hydrated  diplatosamine  (Pf'HjQN^iHgO)  to 
230°  (110°  C),  so  long  as  it  gives  oflf  water  and  ammonia.  It 
combines  with  acids,  and  forms  salts,  most  of  which  are  insoluble, 
and  are  decomposed  on  the  application  of  heat.  Platosamine 
dihydrochlorate  (Pt"H^N2,2HCl)  may  be  obtained  by  heating  the 
dihydrochlorate  of  the  following  base,  so  long  as  it  gives  oflf  water 
and  ammonia.  • 

Diplatosamine;  Beisefs  first  base  (Pf'H^QN^aHjO). — ^This 
substance  may  be  procured  as  a  hydrate  in  deliquescent  needles, 
which  are  powerfully  alkaline,  caustic,  and  absorb  carbonic  anhy- , 
dride  from  the  air.  It  is  usually  isolated  by  decomposing  its  sul- 
phate by  its  exact  equivalent  of  baric  hydrate.  In  order  to  pre- 
pare its  salts,  Hadow  recommends  platinous  chloride  to  be  dis- 
solved in  warm  moderately  strong  ammonia,  filtered  from  any 
oxide  of  iron  or  iridium,  and  then  concentrated  by  evaporation ; 
a  large  crop  of  crystals  of  diplatosamine  hydrochlorate  is  de- 
posited on  cooling,  {^t''}l^^^i2}lC\,Tlfi).  If  a  solution  of  this 
salt  be  decomposed  with  an  equivalent  of  argentic  sulphate,  the 
diplatosamine  sulphate  is  obtained,  and  may  readily  be  procured  in 
crystals ;  the  nitrate  may  be  obtained  by  the  use  of  argentic  nitrate. 
These  salts  are  readily  recognized  by  yielding  a  precipitate  of  the 
green  compound  of  Magnus  on  the  addition  of  a  solution  of  pla- 
tinous chloride.  Hadow  finds  that  the  green  compound  of  Magnus 
is  but  one  of  a  series  of  a  double  salts  that  diplatosamine  hydro- 
chlorate  forms  with  other  metallic  chlorides,  such  as  corrosive  sub- 
limate, and  the  chlorides  of  cadmium,  palladium,  tin  and  copper. 
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Plcdinamine;  GerhardVs  base  (Pt^^HgNg^HjO).— This  com- 
pound  may  be  obtained  in  the  form  of  striated  very  brilliant 
rhomboidal  prisms  of  a  yellowish  colour.  It  is  nearly  insoluble 
in  boiling  water,  is  not  decomposed  by  a  boiling  solution  of  pot- 
ash, but  is  readily  dissolved  by  diluted  acids^  and  forms  a  large 
number  of  crystallizable,  sparingly  soluble  salts,  which  are  of  a 
yellowish  colour.  Some  of  these  salts  are  neutral,  and  some  are 
acid.  Platinamine  is  usually  obtained  by  adding  ammonia  to  a 
boiling  solution  of  the  neutral  nitrate.  If  platosamine  di- 
hydrochlorate  be  suspended  in  boiling  water,  and  submitted  to  a 
current  of  chlorine,  it  combines  with  chlorine,  and  is  slowly  trans- 
formed into  platinamine  tetrahydrochlorate  (Pt*^H2N2,4HCl),  and 
this  by  long  boiling  with  argentic  nitrate  is  converted  into  basic 
platinamine  nitrate  (Pt'^H2N2,2HN08,4H20). 

Diplatinamine  is  supposed  by  Gerhardt  to  be  the  base  of  the 
salts  of  Gros  and  of  Raewsky ;  but  it  has  not  as  yet  been  isolated. 

The  following  table  contains  the  formulse  of  the  principal  series 
of  these  compounds  which  have  been  ascertained  to  exist  :* — 

I.  Salts  of  Platosamine  (Reitet's  second  base). 

Platogamine       R''H4Nj,HjO 

„         (yellow)  hydrochlorate      Pt''H4N„2HCl 

nitrate        Pt"H<N„3HN0,. 

3.  Salts  of  DipUUosamine  (Beuiet's  first  base). 

Diplatosamine  (hydrated)  Pt''H|oN4,2H,0 

hydrochlorate Pt"HipN4.3HCI,H,0 

Magnus's  green  salt       Pt"HioN4,3HCI,Pt*Cl, 

Normal  diplatosamine  nitrate Pt''HioN4,2HNO, 

Diplatosamine  acid-carbonate Pt''H,oN4,2H,CO, 

3.  Salts  of  Platinamine  (Gkrhardt's  base). 

Platinamine       Pt*'H2N„4H,0 

Normal  platinamine  hydrochlorate      Pt*'H2N3,4HCl 

Basic  platinamine  nitrate         Pt**H5N„2HNO,^H50 

Normal  nitrate Pt^'HjN^HNO, 


*  The  following  papers  may  be  consulted  upon  this  subject :  Gros,  Ann,  de 
Chimie,  II.  Ixix.  204;  Reiset,  Ih.  III.  xi.  417;  Raewsky,  Ih.  III.  xxiL  278; 
Peyrone,  Liebigs  Annal.  li.  i,  and  Iv.  20 j ;  Qerhardt,  Comptes  Itendue  des 
Travaux  de  Chimie,  par  Laurent  et  Gerhardt,  1849,  p.  113,  and  1850,  p.  273 ; 
Bockton,  Q.  J-  Chem.  80c.  v.  213,  and  viL  22;  Hadow,  Joum.  Ckem.  8oe. 
1866,  345. 

These  different  bases  may  obviously  be  regarded  as  ammonias  in  which  part 
of  the  hydrogen  in  one  or  in  two  atoms  of  ammonia  has  been  displaced  by  plaii' 
nosum,  Pt",  or  by  platinicum,  Pt*' ;  platosamine  and  platinamine  being  formed 
upon  the  type  of  two  atoms  of  hydrated  ammonia  (H,N,H,0)  and  diplatosamine 
and  diplatinamine  upon  that  of  4  atoms  (H„N^2H,0),  as  will  be  tendered  mam- 
fest  by  examining  the  formula  gi?en  in  the  table. 
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4.  SalU  of  Diplatinamine, 
DiplatiDamine  (not  isolated) Pt'*HgN4,2  H,0  P 

„  hydrochlorate Pt»'H8N4.2HClP 

Normal  nitrate Pt^'HgN^.aHNOj.aHjO 

Sesqninitrate      Pt*'HgN4,3HN03,2H,0 

5.  Salts  obtained  hy  Oros. 

Base  (not  isolated)        Pt^'CljHioN^.HjO  ? 

Hydrochlorate* Pt»'H8N4,4HCI 

Nitrate* Pt»'HjN4,2HCl,3HN0, 

6.  Salts  obtained  hy  Baetosky, 

Nitrate  (crystallized)      Pt,Cl,HjoNaO^HNO, 

Carbonate  Pt,Cl,H«NjO,3H,CO,. 

(974)  The  Plaiinic  bromide  (PtBrJ  is  a  brown  insoluble 
powder.  Platinic  iodide  (Ptl^). — On  adding  potassic  iodide  to  a 
dilute  solution  of  platinic  chloride  the  liquid  assumes  a  deep  wine- 
red  colour ;  the  mixture  remains  clear  at  ordinary  temperatures, 
but  becomes  turbid  and  deposits  a  brown  sparingly  soluble  powder 
when  heated. 

Fulminating  platinum  (Pt^^HgN^^HjO  ?)  is  procured  as  an  in- 
soluble black  powder  by  dissolving  the  ammonio-platinic  chloride 
(sH^NCl^PtClJ  in  a  solution  of  caustic  soda  and  adding  an  excess 
of  acetic  acid,  or  by  precipitating  the  sulphate  with  an  excess  of 
ammonia.  It  may  be  regarded  as  hydrated  diammonium  oxide 
[(H^N)jO,2H30]  in  which  4  atoms  of  hydrogen  have  been  dis- 
placed by  one  atom  of  platinum.  Hydrochloric  acid  dissolves 
this  compound,  forming  with  it  a  very  soluble,  uncrystallizable 
salt :  other  acids  decompose  it  with  formation  of  ammoniacal 
salts.     If  suddenly  heated  to  about  392°  (200°  C.J  it  explodes. 

Platinic  sulphate  may  be  formed  by  dissolving  the  platinic 
oxide  in  dilute  sulphuric  acid,  or  by  treating  the  disulphide  with 
fuming  nitric  acid,  and  heating,  to  expel  the  excess  of  nitric  acid. 
Platinic  nitrate  may  be  formed  by  decomposing  a  solution  of  the 
sulphate  by  an  equivalent  quantity  of  baric  nitrate ;  both  these 
platinic  salts  yield  insoluble  double  basic  salts  on  the  addition  of 
an  alkali. 

(975)  Characters   of  the   Salts  op   Platinum i ^The 

platinous  salts  are  unimportant. 

2. — Of  the  platinic  salts  the  tetrachloride  is  the  only  soluble 
compoimd  of  frequent  occurrence.  These  salts  are  distinguished 
by  the  following  characters.  When  heated  they  are  all  decom- 
posed, and  leave  a  residue  of  metallic  platinum.  They  have  a 
brownish-yellow  colour   in  solution  :  with  caustic  potash,  or  with 


*  Viewed  by  (}erhardt  as  diplaUnamine  perhydrochlorate  and  dichloronitrate. 
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any  potanic  salt^  they  give  a  yellow  precipitate  of  potaaBio- 
platinic  chloride^  which  is  soluble  in  a  large  excess  of  canstic 
potash ;  caustic  soda  precipitates  a  brown  hydrated  dioxide  which 
is  soluble  in  excess  of  the  alkali :  with  ammonia,  or  a  solnUe  salt 
of  ammonium^  yellow  ammonio-platinic  chloride  is  precipitated, 
which  is  decomposed  by  heat,  leaving  metallic  platinom.  Sul- 
phuretted hydrogen  and  ammonic  hydrosuiphide  give  a  black 
sulphide,  which  is  soluble  in  a  large  excess  of  the  sulphides  of 
anmionium  and  of  the  alkali-metals. 

Solutions  of  the  platinic  salts  are  reduced  by  mercurous 
nitrate,  but  not  by  ferrous  sulphate.  Stannous  chloride  in  acid 
solutions  produces  a  very  deep  brown  solution,  but  yields  no  pre- 
cipitate ;  potassic  iodide  slowly  gives  a  brown  precipitate  of  platinic 
iodide  which  becomes  more  abundant  when  heated.  The  solutions 
of  the  platinic  salts  are  readily  reduced  to  the  metallic  state  by 
means  of  zinc  or  iron.  Oxalic  acid  exerts  no  reducing  action 
upon  the  salts  of  platinum,  which  may  thus  be  separated  from 
those  of  gold ;  and  after  the  gold  has  been  precipitated  in  this 
manner,  the  platinum  may  be  thrown  down  in  the  metallic  form 
by  boiling  the  liquid  with  a  soluble  formiate,  taking  care  first  to 
neutralize  the  liquid  by  the  addition  of  sodic  carbonate. 

(976)  Estimation  of  Platinum. — Platinum  may  be  estimated 
either  in  the  metallic  state,  or  in  the  form  of  a  double  chloride  of 
platinum  with  potassium  or  ammonium.  The  solutions  from  which 
these  double  salts  are  precipitated  shoidd  be  concentrated ;  the 
complete  separation  of  the  salt  is  favoured  by  the  addition  of 
alcohol  j  and  the  washing  of  the  precipitate  should  be  performed 
with  dilute  alcohol.  Platiniun  may  thus  be  separated  from  all 
the  metals  hitherto  described  :  100  parts  of  the  potassio-platinic 
chloride  contain  40*37  of  the  metal;  and  100  parts  of  theammo- 
niacal  double  salt  contain  44*17  of  platinum. 

§  V.  Palladium:  (Pd"= 106*5.)     Sp.  Gr.  from  11*4 to  11*8; 

usually  Dyad;  rarely  Tetrad. 

(977)  Palladium  is  one  of  the  rare  metals  which  occur  chiefly 
in  the  ore  of  platinum,  in  which  it  was  discovered  by  WoUaston, 
in  the  year  1803.  It  usually  forms  from  a  half  per  cent,  to  one 
per  cent,  of  these  ores.  According  to  G.  Rose,  palladium  is  di- 
morphous, since  it  is  found  native  in  cubes,  and  in  six-sided  plates. 

In  order  to  extract  the  metal  from  the  ore  of  platinum^  the 
solution  of  this  ore  in  aqua  regia  is  treated  with  sal  ammonisc 
with  a  view  to  separate  the  platinum,  as  already  described  (966), 
and  to  the  filtered  ^c^\ad|  mexc^uic  cyanide  in  solution  ia  added ; 
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a  yellowish-white^  floeculent  palladions  cyanide  subsides ;   this  is 
converted  into  a  sulphide  by  heating  it  in  coutact  with  sulphur, 
and  the  sulphur  is  subsequently  expelled  by  repeated  roastings. 
Another  source  of  palladium  is  the  native  alloy  which  it  forms 
with  gold,  and  which  is  found  in  the  Brazilian  mines.     In  order 
to  extract  the  palladium  from  it^  Mr.  Cock  directs  the  alloy  to 
be  fused  with  silver,  and  then  boiled  in  nitric  acid,  by  which  all 
the  metals  except  the  gold  are  brought  into  solution.     The  de« 
canted  liquid  is  next  mixed  with  a  solution  of  common  salt,  by 
which  the  whole  of  the  silver  is  thrown  down  in  the  form  of 
chloride,  while  the  palladium  with  the  other  metals  (principally 
copper  with  some  lead  and  iron),  still  remains  dissolved.    Bars  of 
metallic,  zinc  are  then  introduced  into  the  liquid,  and  these  metals 
are  precipitated  upon  the  zinc  in  the  form  of  a  black  powder, 
consisting  of  reduced  metal.     This  precipitate  is  washed  and  re- 
dissolved  in  nitric  acid,  supersaturated  with  ammonia,  which  dis- 
solves the  oxides  of  palladiiun  and  copper,  while  those  of  iron  and 
lead  are  precipitated :  the  clear  liquid  is  now  supersaturated  by 
hydrochloric    acid.      Palladium   is    thus   thrown  down    in    the 
form  of  a  yellow,  sparingly  soluble  palladamine  hydrochlorate 
(Pd^^HgNgClg) ;  by  ignition  of  this  salt  the  palladium  is  reduced, 
and  agglutinates,  but  does  not  fuse.     A  small  quantity  of  palla- 
dium still  remains  in  solution,  and  may  be  recovered  by  the  in- 
troduction of  bars  of  iron. 

Palladium  is  a  white  hard  metal  possessed  of  considerable 
ductility  and  tenacity.  It  is  not  fusible  in  an  ordinary  wind 
furnace,  but  melts  at  a  lower  temperature  than  platinum.  Deviile 
and  Debray  state  that,  like  silver,  it  absorbs  oxygen  when  melted, 
and  as  the  metal  cools  the  globule  spits.  Before  the  oxyhydrogen 
blowpipe  it  bums  with  scintillation,  and  if  heated  on  lime  it  is 
slowly  dispersed  in  green  vapours.  It  undergoes  no  change  in 
the  open  air  at  ordinary  temperatures ;  but  at  a  low  red  heat  it 
becomes  covered  with  an  iridescent  film,  owing  to  a  superficial 
oxidation ;  on  increasing  the  heat,  the  oxygen  is  expelled,  and  the 
metal  resumes  its  brilliant  surfisu^e.  Palladium  is  dissolved  when 
heated  in  nitric  acid,  or  in  aqua  regia,  but  it  is  acted  upon  by  the 
other  acids  with  difSculty.  When  fused  either  with  hydropotas- 
sic  sulphate,  with  nitre,  or  with  the  hydrated  alkalies,  it  is  oxi- 
dized. If  a  solution  of  iodine  in  alcohol  be  evaporated  on  a  slip 
of  palladium,  a  stain  is  left,  by  which  this  metal  is  at  once  dis- 
tinguished from  platinum.  Palladium  combines  readily  with  gold, 
which  is  rendered  brittle  by  its  presence  even  in  small  proportion. 
It  has  a  remarkable  power  of  whitening  the  colour  of  gold^  even 

11.  ^  T 
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though  present  ia  the  mixture  only  in  small  quantity ;  and  when 
it  forms  20  per  cent,  of  the  mass,  the  alloy  is  quite  white.  K 
alloyed  with  twice  its  weight  of  silver  it  forms  a  ductile  compound 
not  liable  to  tarnish^  and  well  adapted  for  the  construction  of 
small  weights.  When  melted  with  8  times  its  weight  of  tin^  at 
a  red  heat^  an  alloy  is  formed  (Pd,Sn,)^  which  is  obtained  in 
beautiful  brilliant  lamellse  on  digesting  the  mass  when  cold  in 
hydrochloric  acid.  Palladium  has  been  applied  in  a  few  cases  to 
the  construction  of  graduated  scales  for  astronomical  instrumentSj 
for  which^  by  its  whiteness^  hardness,  and  inalteriability  in  air,  it 
is  well  adapted. 

(978)  Oxides  op  Palladium. — ^This  metal  appears  to  form 
three  oxides :  a  suboxide,  Pd^O^  which  furnishes  a  series  of  salts 
resembling  those  of  cupreous  oxide,  and  which,  according  to 
Kane,  is  obtained  by  heating  the  hydrated  protoxide  to  incipient 
redness ;  a  protoxide,  PdO,  the  base  of  the  ordinary  salts  of  the 
metal ;  and  a  dioxide,  PdO,. 

The  protoxide, palladious  oxide  (PdO=  122*5),  may  be  procured 
as  a  black  powder,  by  heating  the  nitrate  to  low  redness ;  or  it 
may  be  obtained  upon  adding  potassic  or  sodic  carbonate  to  a 
palladious  salt,  as  a  dark  brown  hydrate,  soluUe  both  in  acids 
and  in  alkalies,  and  from  which  the  water  may  be  expelled  by 
heat.     At  a  bright  red  heat  it  loses  its  oxygen. 

The  dioxide,  palladic  oxide  (PdO^,  is  prepared  by  decomposing 
the  solid  potassio-palladic  chloride  (2KCl,PdClJ  by  a  solution  of 
caustic  potash ;  it  forms  a  yellowish-brown  hydrate,  which  obsti- 
nately retains  a  portion  of  alkali :  it  is  soluble  in  the  alkalies : 
by  boiling  it  with  water  it  is  rendered  anhydrous^  and  is  then 
deposited  as  a  black  powder. 

PaUadums  sulphide  (PdS)  may  be  formed  either  directly,  by 
heating  powdered  sulphur  with  palladium,  or  by  precipitating  a 
palladious  salt  by  means  of  sulphuretted  hydrogen ;  it  farms  a 
fusible,  greyish- white,  lustrous  mass,  &om  which  patient  roasting 
in  air  expels  the  sulphur. 

If  a  piece  of  palladium  foil  or  wire  be  held  in  the  flame  of  a 
spirit-lamp,  soot  is  speedily  deposited  in  large  quantity^  tbe 
foil  or  wire  is  corroded,  and  the  mass  of  soot  is  found  to  contain 
palladium  thl^ughout,  owing  to  the  formation  of  a  carbide  of  the 
metal. 

(979)  Palladious  chloride,  or  Chloride  of  palladium  (PdO,)  ii 
obtained  by  evaporating  to  dryness  a  solution  of  palladium  in 
aqua  regia ;  it  forms  brown  hjrdrated  crystals,  which  become  Uack 
when  the  water  is  expelled ;  if  heated  to  redness  metalUo  pilli^ 
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dium  is  left.  Palladioiis  chloride  forms  double  salts  with  the 
soluble  chlorides ;  those  with  potassium  and  ammonium  are  dark 
bottle-green.  With  ammonia^  palladious  chloride  forms  a  series 
of  compounds  analogous  to  those  of  platinum  (973) :  by  mixture 
of  a  moderately  concentrated  solution  of  palladious  chloride  with 
a  slight  excess  of  ammonia  a  flesh-red  precipitate  is  formed^  which 
at  100^  C.^  when  moist^  passes  into  a  yellow  isomeric  compound. 
This  latter  contains  a  salt  of  palladamine  (PdH^N^O)^  which  is  a 
crystallizable  powerfully  alkaline  base.  Palladic  chloride  (PdClJ 
exists  in  solution  in  aqua  regia^  but  cannot  be  obtained  in 
crystals :  it  forms  double  salts  with  the  chlorides  of  the  alkali- 
metals  :  the  double  salt  with  potassium  (sKCl^PdClJ  crystallizes 
in  ruby-red  prisms. 

Palladious  iodide,  or  Iodide  of  palladium  (Pdl2=36o'5); 
Comp.  in  100  parts,  Pd,  30*0 ;  I,  70*0. — This  compound  is  obtained 
by  adding  a  solution  of  a  salt  of  palladium  in  slight  excess  to  one 
of  potassic  iodide.  It  is  a  black  powder^  insoluble  in  water^  but 
soluble  in  ammonia^  and  in  a  solution  of  potassic  iodide :  a  solu- 
tion of  palladious  nitrate  is  sometimes  employed  as  a  precipitant 
for  iodine  when  it  is  necessary  to  separate  iodine  from  chlorine 
and  bromine  (541).  Palladious  iodide  loses  its  iodine  when 
strongly  heated. 

Cyanogen  has  a  stronger  attraction  for  palladium  than  for 
any  other  metal^  so  that  a  solution  of  a  palladious  salt  will  decom- 
pose one  of  mercuric  cyanide.  This  cyanide  (PdCy^)  is  procured 
as  a  yellowish  precipitate  by  adding  potassic  or  mercuric  cyanide 
to  neutral  solutions  of  any  of  the  palladious  salts ;  it  is  soluble 
in  ammonia^  in  acids^  and  in  potassic  cyanide ;  it  forms  a  series 
of  double  cyanides. 

Palladiotcs  sulphate  (PdSOJ  may  be  obtained  by  decomposing 
the  nitrate  by  sulphuric  acidj  or  by  dissolving  the  oxide  in  sul- 
phuric acid.  It  is  a  deliquescent  salt  which  forms  a  deep 
brownish-red  solution ;  when  heated  it  loses  acid^  and  furnishes  a 
basic  salt. 

Palladious  nitrate  is  formed  by  boiling  nitric  acid  on  palla- 
dium: it  may  be  obtained  in  rhombic  prisms;  they  are  freely 
soluble  in  a  small  quantity  of  water^  and  yield  a  deep  reddish- 
brown  liquid ;  but  on  being  largely  diluted^  the  normal  salt  is 
decomposed^  and  an  insoluble  basic  nitrate  is  precipitated.  If 
ammonia  in  excess  be  added  to  the  solution  of  the  nitrate^  au 
ammoniacal  palladious  nitrate  may  be  crystallized  from  it  in 
rectangular  tables. 

(980)  Characteks  or  the  Salts  op  Palladium. — ^Palladious 

8  p2 


804  SALTS   OF  PALLADIUM — RHODIUM. 

salts,  or  the  ordinary  salts  of  the  metal,  form  either  brown  or  red 
solutions,  which  when  neutral  are  distinguished  by  the  yellowish 
precipitate  of  palladious   cyanide,   formed    on   adding  mercuric 
cyanide.     The  fixed  hydrated  alkalies  precipitate  palladious  com- 
pounds in  the  form  of  a  red  or  orange  basic  salt,  which  is  soluble 
in  excess  of  the  alkali  by  the  aid  of  heat.    Ammonia  and  its  car- 
bonate, when  added  to  a  solution  of  palladious  chloride^  give  a 
flesh-coloured  precipitate,  soluble  in  excess  of  ammonia.      Palla- 
dious nitrate  gives  a  brown  precipitate  with  ammonia,     PotasHe 
and  sodic  carbonates  yield  a  brown  precipitate  of  the  hydrated 
paUadious  oxide,  with  palladious  salts.     Potassic  iodide  precipi- 
tates  a  black    palladious    iodide.       Sulphuretted   hydrogen  and 
amnionic  hydrosulphide  throw  down  a  black  palladious   sulphide 
insoluble  in  the  sulphides  of  the  alkali-metals.     Solutions  of  the 
salts  of  palladium  are  reduced  by  a  solution  of  ferrous  sulphattj 
and  by  many  of  the  metals,  the  reduction  being  facilitated  by 
heat.     Stannous  chloride  produces    a  dark  brown    precipitate, 
soluble  in  hydrochloric  acid,  and  forming  an  intensely  green  solu- 
tion, which  becomes  reddish  brown  on  dilution. 

Palladium  may  be  separated  from  all  other  metals,  except 
copper  and  lead,  by  the  addition  of  mercuric  cyanide  to  the 
solution  previously  neutralized  by  means  of  sodic  carbonate. 
Palladious  cyanide  when  ignited  in  the  air  leaves  metallic 
palladium. 

§  VI.  Rhodium:  (Ro'''=io4'3).     Sp.  Gr.  la'i. 

(981)  Rhodium  was  discovered  by  WoUaston  in  1803.  ^^ 
usually  forms  about  one-half  per  cent,  of  the  ore  of  platinum  ;  it 
may  be  extracted  from  the  solution  of  this  ore  in  aqua  regia  aft^ 
the  platinum  and  palladium  have  been  separated  by  the  addition 
of  sal  ammoniac  and  mercuric  cyanide :  the  excess  of  the  cyanide 
is  next  decomposed  by  acidulating  the  solution  with  hydrochloric 
acid,  adding  common  salt,  and  evaporating  to  dryness  :  the  sodic 
chloride  then  forms  double  chlorides  with  all  the  metals  in  solu- 
tion ;  the  residue  is  treated  with  alcohol  (of  sp.  gr.  0*837),  which 
dissolves  all  these  double  salts,  except  that  of  sodium  and  rhodium, 
which  remains  behind  as  a  red  powder  :  this  is  dissolved  in  water, 
and  the  rhodium  thrown  down  in  a  pulverulent  form  by  means  of 
bars  of  metallic  zinc.  The  sodio-rhodic  chloride  may  also  be 
decomposed  by  heating  it  in  a  current  of  hydrogen  gas,  when,  on 
washing  the  mass  with  water,  the  rhodium  is  left  in  a  pulverulent 
form. 

Rho^um  \a  a  \Y\at^,  very  hard  metal ;  when  quite  pure,  it  11 
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malleable  after  fusion  upon  lime,  and  it  then  has  a  sp.  gr.  of  12*1. 
It  requires  a  stronger  heat  to  fiise  it  than  platinum,  and  when 
melted  has  a  similar  tendency  to  absorb  oxygen,  and  to  spit  as  the 
globule  sets. 

Deville  says  that  rhodium  furnishes  an  aUoy  with  platinum, 
which  is  easily  worked ;  when  the  proportion  of  rhodium  forms 
30  per  cent,  or  upwards  of  the  alloy  it  is  not  attacked  by  aqua 
regia.  When  pure,  rhodium  is  insoluble  in  the  acids,  though  if 
alloyed  in  smaU  quantity  with  platinum,  copper,  bismuth,  or  lead, 
it  is  dissolved  with  them  in  nitro-hydrochloric  acid.  Rhodium  has  a 
considerable  attraction  for  oxygen,  and  may  be  oxidized  by  fusion 
with  a  mixture  of  nitre  and  potassic  carbonate  ;  hydropotassic  sul- 
phate also  oxidizes  the  metal  and  forms  a  soluble  potassio-rhodic 
sulphate  (KR02SOJ,  while  sulphurous  anhydride  escapes.  If 
heated  in  contact  with  sodic  chloride,  in  a  current  of  chlorine, 
a  soluble  sodio-rhodic  chloride  (3NaCl,RoClg)  is  produced. 

(982)  Oxides  of  Rhodium. — Rhodium  has  a  considerable 
attraction  for  oxygen :  it  appears  to  form  two  definite  oxides,  RoO 
and  R02O3,  besides  some  compounds  intermediate  between  them. 
The  protoaride,  however,  has  not  been  obtained  in  a  state  of  purity. 

Rhodic  oxide,  or  Sesquioxide  of  rhodium  (RojOjSs  256*6). — ^This 
is  the  only  salifiable  oxide  of  rhodium ;  it  may  be  procured  by 
heating  rhodium  with  a  mixture  of  nitre  and  potassic  carbonate ; 
the  oxide  forms  an  insoluble  compoimd  with  potash,  which  is  to 
be  well  washed,  and  decomposed  by  digestion  with  hydrochloric 
acid :  the  sesquioxide  is  thus  left  as  a  greenish-grey  hydrate  which 
is  insoluble  in  all  acids. 

Sulphides. — Rhodium  forms  two  sulphides,  RoS  and  Ro^S,. 

If  the  metal  be  heated  in  the  vapour  of  sulphur,  the  two 
bodies  unite  with  incandescence,  and  form  the  protosulphide, 
which  has  a  bluish-grey  colour,  and  fuses  at  a  very  high  tem- 
perature ;  the  sulphur  bums  off  in  the  open  air,  and  leaves  a 
forgeable  mass  of  metallic  rhodium.  The  sesquisulphide  may  be 
obtained  in  the  form  of  a  brown  hydrate  by  decomposing  a  hot 
solution  of  the  sodio-rhodic  chloride  by  means  of  potassic  or  sodic 
sulphide. 

Chlorides  of  Rhodium. — Three  of  these,  viz.,  RoClj ;  R03CI5 ; 
and  R0CI3,  are  stated  by  Berzelius  to  exist,  but  the  last  is  the  only 
one  of  importance. 

Rhodic  chloride  (R0CI3),  formerly  called  the  sesquichloride,  is 
formed  by  decomposing  the  potassio-rhodic  chloride  by  silicofluoric 
acid,  which  separates  the  potassium  as  a  gelatinous  silicofluoride ; 
the  filtered  liquid  when  evaporated  to  dryness  leaves  rhodic  chlo- 
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ride.  This  chloride  unites  with  many  of  the  soluble  chlorides  to 
form  crystallizable  double  salts,  which  are  of  a  ruby  or  rose  colour, 
whence  the  metal  receives  its  name  (from  po^ov,  a  rose) :  the 
sodium  salt  crystallizes  in  cubes  or  in  octohedra,  which  are  efflo- 
rescent in  the  air  (3NaCl,RoCl3,9H20) ;  they  are  insoluble  in 
alcohol.  When  rhodic  chloride  is  supersaturated  with  ammonia, 
the  precipitate  formed  at  first  is  redissolved,  and  a  characteristic 
yellow  compound,  consisting  of  (RoCl3,5H3N)  is  formed  by  boil- 
ing, and  may  be  purified  by  evaporation  and  re-crystallization. 
This  compound  when  ignited  leaves  pure  rhodium  in  the  form  of 
a  powder. 

(983)  Characters  of  the  Salts  of  Rhodium. — The  sodio- 
rhodic  chloride  is  the  best  known  of  these  compounds.  The  rhodic 
salts  generally  form  rose-coloured  solutions ;  they  are  decomposed 
by  iron  or  zinc,  which  causes  a  deposit  of  metallic  rhodium.  Hy- 
drated  potash  and  soda  slowly  occasion  a  precipitate  of  yellow 
hydrated  rhodic  oxide,  which  retains  a  portion  of  the  alkali  obsti- 
nately ;  it  is  soluble  in  the  excess  of  the  alkali  as  well  as  in  acids ; 
if  alcohol  be  added  to  the  alkaline  solution,  a  black  precipitate 
occurs  gradually  without  applying  heat.  Potassic  iodide  throws 
down  a  sparingly  soluble  yellow  tri-iodide  of  rhodium.  Sul- 
phuretted hydrogen,  when  the  solution  is  heated,  slowly  forms  a 
brown  precipitate  insoluble  in  the  alkaline  sulphides.  The  soluble 
sulphites  give  a  pale  yellow  precipitate.  If  the  salts  of  rhodium 
be  heated  in  a  current  of  hydrogen,  the  metal  is  readily  reduced : 
in  this  form  it  is  insoluble  in  aqua  regia,  but  if  it  be  fiised  with 
hydropotassic  sulphate,  a  double  salt  is  formed  which  ia  soluble 
in  water,  with  a  pink  colour. 

§  VII.  Ruthenium:  (Ru=io4'2).    Sp,  Gr.,  from  ii  to  11*4. 

(984)  Treatment  of  the  Platinum  residue, — After  the  platinum 
ore  has  been  exhausted  with  aqua  regia,  a  residue  is  obtaiBed 
which  frequently  contains  both  titaniferous  iron  and  chrome  iron; 
but  its  most  important  constituent  is  an  alloy  in  flat  plates  or  scales 
of  a  white  colour  and  metallic  lustre.  This  was  formerly  coo- 
sidered  to  be  an  alloy  of  osmium  and  iridium.  It  has,  howevff, 
been  found  to  consist  of  four  metals — viz.,  osmium,  iridium,  ruth^ 
nium,  and  a  small  quantity  of  rhodium. 

Fremy  in  separating  the  different  metals  contained  in  this 
residue  avails  himself  of  the  oxidability  of  osmium  and  the  volati- 
lity of  its  tetroxide.  His  process  is  the  following  : — About  ooo 
grammes  of  the  i^\^\im\imTm&^^  placed  in  a  porcelain  or  platinwi 
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tabe,  and  heated  to  redness^  is  roasted  in  a  current  of  dry  air ;  in 
the  portion  of  the  tube  which  projects  from  the  furnace  some  frag- 
ments of  porcelain  are  placed^  and  the  tube  is  connected  with  a 
series  of  glass  flasks  for  the  purpose  of  condensing  the  tetroxide 
of  osmium  as  it  distils  ;  in  the  last  flask  a  solution  of  caustic  pot- 
ash is  placed  in  order  to  retain  such  portions  of  the  tetroxide  as 
may  have  escaped  condensation ;  and  this  flask  is  connected  with 
an  aspirator^  by  means  of  which  a  current  of  atmospheric  air  is 
maintained  through  the  apparatus.  The  air  is  dried,  and  freed 
from  organic  particles  before  it  enters  the  heated  tube^  by  causing 
it  to  pass  through  tubes  filled  with  pumice  moistened  with  sul- 
phuric acid.  During  the  operation  the  osmium  and  ruthenium 
become  oxidized  ;  the  tetroxide  of  osmium  condenses  in  beautiful 
needles  in  the  flasks,  and  mechanically  carries  forward  the  di- 
oxide of  ruthenium,  which  is  deposited  upon  the  fragments  of 
porcelain  in  regular  square  prisms.* 

The  fixed  residue  consists  of  an  alloy  of  iridium  and  rhodium, 
mixed  with  a  little  osmium  and  ruthenium.  This  is  to  be  fused 
with  caustic  potash,  by  which  the  oxide  of  ruthenium  is  removed 
and  is  dissolved  out  on  washing  the  fused  mass  with  water.  The 
undissolved  portion  is  ignited  with  four  times  its  weight  of  nitre, 
and  the  product  is  treated  with  boiling  water,  which  dissolves  the 
osmium,  and  on  cooling  often  deposits  it  in  octohedral  crystals  as 
dipotassic  osmite  (KgOsO^aHgO).  The  residue  now  contains  only 
iridic  and  rhodic  sesquioxides  in  combination  with  potash.  Aqua 
regia,  when  boUed  upon  it,  converts  most  of  the  iridium  into  the 
soluble  tetrachloride  ;  a  solution  of  potassic  chloride  is  added  to 
the  liquid,  after  which  crystals  of  potassio-iridic  chloride  (2KCI, 
IrCl^)  are  (deposited  as  it  cools.  The  rhodic  oxide,  which  is  left 
undissolved,  since  it  is  insoluble  in  aqua  regia,  is  converted  into  a 
soluble  double  salt  by  mixing  it  intimately  with  an  equal  weight 
of  sodic  chloride,  and  heating  the  mass  to  dull  redness  in  a  current 
of  dry  chlorine. 

(985)  Ruthenium  is  a  metal  which,  in  1845,  ^^  shown  by 
Claus  to  exist  in  the  ore  of  platinum.  It  is  very  hard,  and  brittle, 
and  is  scarcely  fusible  even  before  the  oxyhydrogen  blowpipe. 
The  melted  metal,  according  to  Deville  and  Debray^  has  a  sp.  gr. 
of  from  1 1  to  1 1*4.     It  absorbs  oxygen  at  a  red   heat,  and  the 


*  Sometimes  the  osmide  of  iridiam  does  not  readily  undergo  oxidation.  In 
such  a  case  Deville  fuses  it  with  8  or  10  times  its  weight  of  zinc,  and  heats  it 
for  some  hours  to  full  redness ;  he  then  dissolves  out  the  zinc  by  hydrochloric 
acid,  which  leaves  the  platinum  metals  in  the  form  of  a  fine  black  powder  which 
is  very  easily  oxidized  in  a  current  of  air. 


808  COMPOUNDS  OF   RUTHENIUM. 

oxide  SO  obtained  is  not  decomposed  by  simple  elevation  of  tem- 
perature. The  metal  is  readily  oxidized  by  fusion  with  nitre>  or 
with  caustic  potash.  Ruthenium  accompanies  the  alloy  of  osmium 
and  iridium  in  a  proportion  varying  from  3  to  6  per  cent. ;  but 
it  is  not  found  in  the  portion  of  platinum  pre  which  is  soluble  in 
aqua  regia.  It  is  most  easily  obtained  by  Fremy's  process  (984)* 
The  dioxide  of  ruthenium  is  not  volatile  when  heated  alone^  but 
is  carried  forward  mechanically  by  the  tetroxide  of  osmium^  and 
becomes  condensed  in  crystals  near  to  the  source  of  heat.  By 
heating  this  oxide  in  a  current  of  hydrogen,  the  metal  is  obtained 
in  the  form  of  a  dark  grey  powder.  The  metal  yields  an  alloy 
with  tin,  RuSn<|,  which  crystallizes  in  cubes  of  perfect  regularity. 

Ruthenium  forms  four  compounds  with  oxygen,  RuO ;  Ru^O^ ; 
RuO^;  and  RuO^. 

Ruthenic  anhydride,  or  Ruthemc  acid  (RuO,),  is  insoluble  in 
water :  it  may  be  obtained  by  heating  any  of  the  preceding  oxides 
with  nitre;  dipotassic  rutheniate  is  formed,  and  furnishes  an 
orange-yellow  solution  in  water.  The  sesqtUoxide  is  the  most 
stable  of  the  basic  oxides  of  the  metal ;  it  is  obtained  in  the 
anhydrous  form  by  igniting  the  metal  in  a  current  of  air.  It  is 
insoluble  in  the  alkalies :  but  with  adds  it  forms  soluble  salts 
which  have  a  yellow  colour.  The  alkalies  precipitate  the 
hydrated  oxide  (Ru303,3H20)  from  these  solutions  as  a  bulky 
blackish-brown  powder. 

There  are  three  chlorides  of  ruthenium,  RuCl,;  RuCl,;  and 
RuCl^.  The  trichloride  is  obtained  by  dissolving  the  sesquioxide 
in  hydrochloric  acid :  on  evaporation  it  yields  a  greenish  blue 
deliquescent  mass,  which  is  soluble  in  alcohol.  Sulphuretted 
hydrogen  causes  a  brown  precipitate  of  ruthenic  sesquisulphide  in 
solutions  of  the  trichloride,  leaving  a  supernatant  liquid  of  a  fine 
blue  colour,  probably  owing  to  the  formation  of  a  lower  chloride 
of  the  metal ;  this  reaction  is  very  delicate,  and  characteristic  of 
ruthenium.  Metallic  zinc  also  reduces  the  yellow  trichloride  to 
the  blue  dichloride,  and  ultimately  precipitates  the  metal  as  a 
black  powder.  With  plumbic  acetate  a  purplish-red  characteristic 
precipitate  is  formed.  Mercuric  cyanide  renders  the  solution 
blue,  whilst  a  blue  precipitate  is  formed.  The  caustic  and  car* 
donated  alkalies  yield  a  black  precipitate  of  the  sesquioxide,  in- 
soluble in  excess  of  the  precipitant.  Sodic  formiate  or  oxalate, 
if  boiled  with  salts  of  ruthenium,  renders  the  solution  colourless, 
but  does  not  occasion  any  precipitate  of  reduced  metal. 
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§  VIII.  Osmium:  (08=199).     Sp.  Gr.  ai'4. 

(986)  Osmium  occurs  associated  with  platinum  in  the  form 
of  an  alloy  of  osmium^  iridium,  and  ruthenium.  It  was  dis- 
covered in  the  ore  of  platinum  by  Tennant,  in  1803.  Osmium 
may  be  obtained  in  the  metallic  condition  by  several  processes. 
One  of  the  simplest  consists  in  treating  volatile  oxide  of  osmium 
(OsOJ  obtained  by  Fremy's  method  (984)  with  hydrochloric  acid 
and  metallic  mercury.  Calomel  is  thus  produced  by  the  decom- 
position of  mercurous  oxide,  which  is  formed  at  the  expense  of 
the  oxygen  contained  in  the  oxide  of  osmium;  OsO^+8Hg  + 
8HCl=Os-f-8HgCl+4H,0.  The  water  and  the  superfluous  acid 
are  expelled  by  evaporation  to  dryness,  and  on  beating  the 
residue  in  a  small  porcelain  retort,  the  excess  of  mercury  and 
calomel  is  driven  off,  leaving  pure  osmium  in  a  pulverulent 
form.  In  this  finely  divided  state,  it  emits  the  odour  of 
tetroxide  of  osmium,  when  exposed  to  a  moist  atmosphere ;  it  takes 
fire  when  heated  in  the  open  air,  and  is  dissolved  by  strong 
nitric  acid,  or  by  aqua  regia,  being  converted  into  tetroxide  of 
osmium.  After  ignition,  however,  it  is  no  longer  soluble  in  the 
acids.  The  specific  gravity  of  osmium  in  the  pulverulent  form  is 
about  10,  but  after  it  has  been  heated  to  the  fiising-point  of 
rhodium  in  the  oxyhydrogen  jet,  it  acquires  a  sp.  gr.  of  21*4.  In 
order  to  obtain  compact  osmium,  Deville  and  Debray  oxidize  the 
alloy  of  osmium  and  iridium  by  mixing  it  intimately  with  5^ 
times  its  weight  of  baric  dioxide,  and  heating  it  to  a  bright  red  for 
2  hours,  after  which  they  distil  with  a  mixture  of  eight  parts  of 
hydrochloric  and  one  of  nitric  acid.  The  tetroxide  of  osmium  which 
passes  over  is  received  into  a  solution  of  ammonia,  supersaturated 
with  sulphuretted  hydrogen,  and  boiled.  The  tetrasulphide  of 
osmium  is  separated  by  filtration,  dried  at  a  low  temperature, 
placed  in  a  crucible  of  gas-coke,  which  is  enclosed  in  a  clay 
crucible  and  luted  down,  then  exposed  for  four  or  five  hours  to  a 
heat  sufficient  to  melt  nickel.  The  osmium  is  reduced,  and 
furnishes  a  brittle  mass,  the  colour  of  which  has  more  of  a  bluish 
cast  than  that  of  zinc.  At  a  still  higher  temperature  in  the 
oxyhydrogen  jet,  at  the  fusing-point  of  rhodium,  it  becomes  still 
denser.  It  may  be  heated  in  this  condition  to  the  fusing-point 
of  zinc  without  emitting  vapour,  but  it  takes  fire  at  a  higher 
temperature.  If  heated  with  7  or  8  times  its  weight  of  tin  in  a 
charcoal  crucible  to  a  full  red  heat,  the  osmium  is  dissolved  by 
the  tin,  and  crystallizes  out  on  slow  cooling.  On  treating  the 
mass  with  hydrochloric  acid,  the  osmium  is  left  as  a  very  hard 
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crystalline  powder.  It  may  also  be  combined  with  zinc,  and  on 
dissolving  the  zinc  in  hydrochloric  acid  the  osmium  is  left  as  an 
amorphous  combustible  powder.  Osmium  appears  to  be  the 
least  fusible  of  the  metals.  In  the  oxyhydrogen  jet  pl&tinnm 
melts  and  is  volatilized,  and  iridium  and  ruthenium  undergo 
fusion,  but  osmium  does  not  melt,  though  it  is  volatilized  by  the 
intense  heat. 

Osmium  differs  remarkably  from  the  other  metals  of  tliis 
group,  and  presents  more  analogy  with  arsenicum  and  antimony 
than  with  the  noble  metals. 

(987)  FivB  OxiDBs   or  Osmium  are  known: — OsO;  O^Oj; 
OsOg ;  OsOj ;  OsO^.     The  anhydrous  protowide  of  osmium  is  of 
a  grey-black,  and  insoluble  in  acids :  its  bluish-black  hydrate  is 
soluble  in  hydrochloric  acid,  forming  a  deep  indigo-blue  solution 
of  the  dichloride,OsCl2,  which  absorbs  oxygen  rapidly,  and  becomes 
converted  into  the  tetrachloride  OsCl^.     The  sesguiaxide  has  not 
been  isolated;    it  forms  rose-red    uncrystallizable    salts.     The 
dioxide  is  black.     The lrioa?ide  possesses  a  feebly  acid  character; 
it  cannot  be  isolated,  but  it  forms  a  crystalline  compound  with 
potassium   {dipotassic  osmite,  Kj^OsO^aH^O),  which  is  sparingly 
soluble.     This  compound  furnishes  a  good  source  of  pure  osmium. 
It  is  easily  obtained  by  the  addition  of  a  little  alcohol  to  a  solu- 
tion of  the  tetroxide  of  osmium  in  potash ;  the  osmite  separates 
in  large  rose-coloured  octohedra,  which  are  permanent  in  a  dry 
air,  but  absorb  oxygen  if  moist.     K  this  salt  be  digested  in  a 
solution  of  ammonic   chloride,  a  yellow  sparingly  soluble  salt  is 
formed  (2H4NCl,Os02H^N2),  which,  when  ignited  in  a  current  of 
hydrogen,  leaves  pure  osmium. 

Tetroxide  of  osmium,  formerly  called  osmic  acid  (080^=263; 
MoL  vol.  I     I     |;    reL  wt.  131*5;  9p.gr.  of  vapotar,   8*88)   is  the 
volatile  compotmd  which  is  produced  when  the  metal  is  heated 
with  nitre,  or  when  roasted  in  air :  it   forms  colourless,  acicular, 
transparent,  flexible  crystals  which   are  readily  fusible,  and  are 
freely  soluble  in  water;  it  boils  at  about   100°  C,  emitting  an 
extremely    irritating    and   deleterious  vapour,   with   a   pungent 
characteristic  odour  somewhat  resembling  that  of  chlorine  :  hence 
the  name  of  the  metal  osmium  (from  ocr^i),  odour) ;  this  oxide 
does   not    combine  with    acids ;   but  though  it  unites  with  the 
alkalies,  its   solution    does  not  redden  litmus,  and  its  solutions 
in  the  alkalies    give   off  the    tetroxide    when    boiled.      It   pro- 
duces a  permanent  black  stain  upon  the  skin  when   touched, 
owing  to  the  partial  reduction  of  the  metal,  and  gives  a  charac- 
teristic blue  precipitate  when  its  solutions  are  mixed  with  tincture 
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of  galls.  According  to  Fremy,  another  oxide  of  osmium  (OsOg  ?) 
exists^  but  it  is  very  unstable ;  it  forms  compounds  with  potash 
and  soda  which  have  a  dark-brown  colour;  they  sometimes 
crystallize  firom  concentrated  alkaline  solutions. 

If  the  aqueous  solution  of  tetroxide  of  osmium  be  treated 
with  sulphuretted  hydrogen^  an  immediate  precipitate  of  the 
black  hydrated  tetrasulpkide  occurs^  which  is  slightly  soluble 
in  solutions  of  the  sulphides  of  the  alkali-metals.  Four  inferior 
degrees  of  sulphuration  of  osmium  also  exist ;  they  correspond  in 
composition  with  the  oxides.  These  stdphides  are  decomposed 
by  prolonged  ignition^  and  pure  osmium  is  left. 

(988)  There  are  four  chlorides  of  osminm,  viz. — OsCl, ;  OsClj ; 
OsCl^ ;  OsClg :  the  osmious  dichUmde,  (OsClg)  formerly  the  pro^ 
iochloride,  is  green^  and  sublimes  in  green  needles  ;  it  is  produced 
by  heating  powdered  osmium  in  a  current  of  chlorine ;  the 
double  salts  which  it  forms  are  of  a  green  colour.  The  osmie 
tetrachloride  (OsClJ,  formerly  the  bichloride,  is  formed  in  the 
same  way  as  osmious  dichloride^  but  employing  an  excess  of 
chlorine ;  it  is  more  volatile^  and  condenses  as  a  red^  crystalline^ 
fusible,  deliquescent  powder:  both  this  and  the  preceding 
chloride  are  dissolved  by  water,  which  soon  decomposes  them, 
forming  tetroxide  of  osmium  and  hydrochloric  acid,  and  de- 
positing  metallic  osmium.  Osmic  tetrachloride  forms  with 
potassic  chloride  a  beautiful  sparingly  soluble  red  salt,  which 
furnishes  octohedral  crjrstals  (2KCl,0sClJ ;  this  salt  is  obtained 
by  heating  a  mixture  of  osmium  with  potassic  chloride  in  a 
current  of  chlorine :  it  is  isomorphous  with  the  corresponding 
platinum  salt,  and  yields  a  characteristic  dark  olive-green  pre- 
cipitate with  argentic  nitrate  (aAgCl,OsCl^ ;  Claus).  Mercurous 
nitrate  gives  with  it  a  reddish-brown  precipitate :  tannic  acid  gives 
with  it,  when  heated,  a  dark-blue  solution,  and  potassic  ferrocy- 
anide,  a  chrome-green  liquid,  passing  into  dark  blue. 

Double  salts  may  also  be  formed  which  contain  both  osmious 
trichloride  (OsCl^)  and  osmic  hexachloride  (OsCIq). 

A  compound  of  nitrogen,  oxygen,  and  osmium  (Os^NjO^?), 
was  formed  by  Fritsche  and  Struve.  It  may  be  obtained  by 
acting  upon  a  mixture  of  caustic  potash  and  ammonia  by  means 
of  tetroxide  of  osmium :  these  chemists  termed  it  osman-osmic 
acid.  With  the  alkalies  it  forms  yellow  crystalline  com- 
pounds, which  detonate  readily  when  they  are  struck  or  suddenly 
heated.  The  potassium  salt  may  be  represented  by  the  formula, 
Kfis,^fi,  (?). 

The  properties  of  the  salts  of  osmium  have  been  but  incom- 
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pletely  ascertained.     When  boiled  with  nitric  acid  they  all  evolve 
vapours  of  tetroxide  of  osmium. 

§  IX.  Iridium:  (Ir=  197-1).     Sp.  Gr.  2ri5. 

(989)  Iridium  was  discovered  at  the  same  time  as  osmiumi 
by  Smithson  Tennant.  It  is  occasionally  found  native  and  nearly 
pure  in  considerable  masses  among  the  Uralian  ores  of  platinum^ 
but  it  usually  occurs  combined  with  osmium  as  an  alloy  in  flat 
scales.  Iridium  appears  to  be  dimorphous^  for  it  is  found  crystal- 
lized both  in  cubes  and  in  double  six-sided  pyramids  (O.  Rose). 
In  order  to  obtain  the  metal  in  the  separate  state^  Wohler  recom- 
mends the  powdered  alloy  to  be  intimately  mixed  with  an  equal 
weight  of  finely  powdered  fused  sodic  chloride^  and  the  mixture 
to  be  heated  to  dull  redness  in  a  glass  tube  through  which  a 
ciurrent  of  dry  chlorine  is  transmitted  so  long  as  it  is  absorbed. 
The  alloy  is  decomposed  by  the  chlorine;  double  chlorides  of 
iridium  and  sodium^  and  of  osmium  and  sodium  are  thus  formed. 
They  are  dissolved  in  boiling  water,  and  are  thus  freed  from  the 
insoluble  portions.  The  solution  is  then  concentrated,  and  the 
liquid  so  obtained  is  mixed  with  nitric  acid  and  distilled ;  the 
double  salt  of  osmium  is  decomposed  by  this  means,  and  tetroxide 
of  osmium  is  formed,  whilst  the  iridium  salt  remains  in  the 
liquid :  the  oxide  of  osmium  being  volatile,  is  expelled  during  the 
distillation.  The  addition  of  ammonic  chloride  to  the  concen- 
trated solution  in  the  retort  produces  a  precipitate  of  the 
ammonio-iridic  chloride,  which,  upon  ignition,  yields  metallic 
iridium.  The  metal,  however,  if  obtained  thus,  is  liable  to  be 
contaminated  with  ruthenium.  It  is  preferable  to  adopt  Fremy's 
method  of  procuring  the  potassio-iridic  chloride  (984).  The  salt 
may  be  decomposed  by  ignition  in  a  current  of  hydrogen ;  and 
the  potassic  chloride  may  be  removed  by  washing  with  water, 
when  the  iridium  is  left  in  the  form  of  a  finely  divided  powder. 

Iridium  is  a  very  hard,  white,  brittle  metal,  which  may  be 
melted  on  lime  by  the  oxyhydrogen  blowpipe,  or  by  the  heat  of 
the  voltaic  current.  It  was  found  to  have  in  its  fused  condition 
a  density  of  21*15  (Deville  and  Debray) ;  and  a  native  alloy  of 
platinum  and  iridium  even  of  sp.  gr.  22*6  is  known.  If  heated 
in  a  finely  divided  state  in  the  open  air  it  absorbs  oxygen,  but  if 
in  mass  it  remains  unchanged  by  exposure  to  heat.  In  its 
isolated  form  it  is  imacted  on  by  any  of  the  acids  or  by  aqua 
regia ;  but  when  alloyed  with  platinum  it  is  readily  dissolved  by 
aqua  regia.     Puiveinsi^iil  indium,  when  fused  with  nitre  or  with 
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the  hydrated  alkalies^  becomes  oxidized^  and  a  similar  effect  is 
produced  by  beating  it  with  hydropotassic  sulphate.  Iridium 
may  be  obtained  in  a  finely  divided  state  by  decomposing  a  solu- 
tion of  its  sulphate  by  alcohol :  it  then  forms  a  black  powder, 
which  possesses  properties  similar  to  those  of  platinum  black  (968). 

(990)  Oxides  of  Iridium. — ^This  metal  forms  three  distinct 
combinations  with  oxygen,  IrO ;  Ir^Oj ;  and  IrOj :  they  pass 
readily  one  into  the  other,  and  thus  give  rise  to  the  variety  of 
tints  which  solutions  of  the  salts  of  this  metal  assume.  From 
these  changes  of  colour  the  name  iridium,  derived  from  /m,  the 
rainbow,  was  conferred  on  the  metal. 

The  protoxide  is  obtained  as  a  black  anhydrous  powder  by 
decomposing  dry  iridious  dichloride  (IrCl,)  by  means  of  a  con- 
centrated solution  of  potash.  It  is  attacked  by  acids  with  diffi- 
culty, but  is  dissolved  by  the  alkalies ;  the  solution  in  caustic 
potash  absorbs  oxygen  firom  the  air,  and  becomes  blue.  Its  solu- 
tions in  the  acids  have  a  dingy  green  colour. 

The  aesquioxide  is  the  compound  formed  when  iridium  is 
fiised  with  hydrate  of  potash  or  with  nitre,  or  by  heating  the 
pulverulent  metal  in  air.  It  is  a  bluish-black  powder,  which  is 
decomposed  by  a  full  red  heat,  and  is  readily  reduced  by 
hydrogen  and  combustible  substances.  This  anhydrous  oxide  is 
insoluble  in  acids,  and  even  in  fused  hydropotassic  sulphate. 
If  a  solution  of  iridic  trichloride  be  boiled  with  a  solution  of 
caustic  potash,  oxygen  is  absorbed,  and  an  indigo-blue  preci- 
pitate, which  is  a  hydrated  iridious  dioxide  (IrOj,,aHj,0),  is 
formed  (Claus).  It  may  be  rendered  anhydrous  by  a  gentle 
heat.  The  dioxide  is  but  slowly  dissolved  by  acids :  the  hydro- 
chloric solution  is  at  first  blue,  it  then  becomes  green,  and,  when 
heated,  changes  to  reddish-brown,  whilst  iridic  tetrachloride  is 
formed. 

Three  sulphides  of  iridium  corresponding  to  the  oxides  may 
be  prepared  by  decomposing  the  chlorides  of  the  metal  by  means 
of  sulphuretted  hydrogen. 

Iridium,  like  palladium,  when  held  in  the  flame  of  a  spirit- 
lamp^  becomes  covered  with  carbonaceous  excrescences,  which 
contain  a  considerable  portion  of  metallic  iridium. 

(991)  Chlorides  of  Iridium. — These  correspond  in  num- 
ber with  the  oxides.  They  all  form  double  salts  with  the 
chlorides  of  the  alkali-metals.  According  to  Claus,  the 
dichloride  (IrClj,  formerly  called  the  protochloride)  may  be  ob- 
tained in  solution  in  combination  with  potassic  chloride,  if  the 
double  salt  of  trichloride  of  iridium  with  chloride  of  potassium 
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(3KCljIrCl3^3H20)  be  treated  with  a  solution  of  the  hydropotassic 
sulphite^  until  the  green  colour  has  passed  into  Tei\  on 
evaporating  the  solution  carefully^  red  crystals  of  the  double  salt 
(4KCl,IrCl3.aK2SOj,IrSOj,iaH,0)  are  deposited.  The  trU 
chloride  (IrClj^  the  old  sesquichloride)  is  the  most  stable  of  the 
three  chlorides :  it  forms  a  solution  of  an  olive-green  colour ; 
with  mercurous  nitrate  it  gives  a  bright  ochre-yeUow  precipitate 
(IrCl3y3HgCl)^  and  a  similar  compound  is  formed  with  argentic 
nitrate  which  at  first  is  dark-blue,  but  soon  becomes  colourless : 
it  forms  salts  with  sodic  and  potassic  chloride.  K  dry  chlorine 
be  transmitted  over  a  mixture  of  finely  divided  iridium  and 
potassic  chloride,  a  potassio-iridic  chloride,  of  a  reddish-black 
colour  (aKCl,IrCl^  sp.  gr.  3*546),  is  formed.  It  may  be  dis- 
solved in  boiling  water,  and  is  deposited  in  anhydrous  octohedra 
on  evaporating  the  solution ;  it  corresponds  in  composition  to  the 
yellow  platinum  salt,  with  which  it  is  isomorphous.  A  similar 
salt  of  sodium  may  be  formed  in  the  same  manner,  by  substi- 
tuting sodic  for  potassic  chloride  :  it  is  freely  soluble.  Iridic 
tetrachloride  forms  a  similar  salt  with  sal  ammoniac,  which  pos- 
sesses a  very  intense  colouring  power,  and  produces  a  dull  brown 
solution  even  when  much  diluted.  It  is  remarkable  that  the 
addition  of  caustic  potash  in  small  quantity  to  the  tetrachloride 
converts  it  into  the  olive-green  trichloride.  Iridic  tetrachloride, 
when  heated  with  ammonia,  forms  a  series  of  compound  bases 
analogous  to  those  furnished  by  platinum  and  palladium. 

Clans  considers  that  the  compoimds  formerly  described  as  con- 
taining trioidde  and  trichloride  (hezachloride)  of  iridium  were 
really  compoimds  of  ruthenium. 

The  salts  of  iridium  have  been  but  incompletely  examined. 

Iridiimi  is  apt  to  accompany  the  double  chlorides  of  platinum 
with  potassium  and  ammonium.  It  may  be  separated  from  pla- 
tinum by  precipitating  the  two  metals  together,  by  means  of 
potassic  chloride :  the  precipitate  is  washed,  and  either  digested 
with  potassic  cyanide  which  dissolves  the  iridium  and  leaves  the 
jdatinum ;  or  it  may  be  fused  with  twice  its  weight  of  potassic 
carbonate.  The  platinum  is  by  the  latter  operation  reduced  to 
the  metallic  state,  whilst  the  iridium  remains  in  the  form  of  ses- 
quioxide.  The  potassium  salts  are  removed  by  washing,  and  the 
platinum  is  redissolved  by  means  of  aqua  regia,  which  does  not 
attack  the  iridic  sesquioxide.  This  operation  sometimes  requires 
repetition,  as  a  portion  of  iridium  may  escape  oxidation  on  the 
first  occasion. 
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CHAPTER  XX. 

ON  SOME   CIRCUMSTANCES  WHICH    MODIFY   THE   OPESATIONS  OF 

CHEMICAL  ATTRACTION. 

{992)  In  the  first  volume  of  tliis  work  an  outline  was  given 
of  the  leading  characters  of  the  most  important  varieties  of  mole- 
cular and  polar  forces^  as  viewed  in  their  simplest  conditions.  In 
the  second  volume  the  attention  of  the  reader  has  hitherto  been 
directed  principally  to  the  results  produced  by  the  exertion  of 
chemical  attraction  in  the  formation  of  the  various  compoimds  of 
inorganic  origin,  without  reference  to  the  effects  of  other  forces 
which  may  have  concurred  in  their  production.  It  will,  however, 
now  be  advisable  to  trace  the  influence  exerted  upon  the  operation 
of  chemical  attraction  by  the  co-operation  or  antagonism  of  elastic 
city  and  cohesion,  of  adhesion,  and  of  heat.  Cases  in  which  the 
chemical  decomposition  of  one  substance  by  another  is  due  simply 
to  differences  in  the  degree  of  chemical  attraction  are  much  less 
numerous  than  might  at  first  be  imagined.  The  displacement  of 
one  metal  by  another  firom  its  solutions,  such  as  that  of  silver  by 
mercury,  of  mercury  by  copper,  of  copper  by  lead,  and  of  lead  by 
zinc  (7,  ii.),  furnishes  some  of  the  best  examples  of  this  kind ;  and 
similar  instances  are  afforded  by  the  displacement  of  one  base  by 
another  insoluble  base,  as  when  cupric  oxide  is  displaced  from  a 
solution  of  cupric  nitrate  by  boiling  it  with  freshly  precipitated 
zincic  oxide  or  with  argentic  oxide. 

§  I.   Influence  of  Cohesion,  Adhesion,  and  Elasticity. 

(993)  Influence  of  Cohesion  upon  Chemical  Attraction. — Since 
chemical  attraction  is  a  molecular  force  which  is  exerted  only 
when  the  particles  of  bodies  are  within  distances  indefinitely 
small,  minute  subdivision  and  diminution  of  cohesion  might  be 
expected  to  favour  its  manifestation,  by  increasing  the  surfaces, 
and  fetcilitating  the  mutual  contact  of  the  combining  bodies.  It 
will  therefore  be  needless  to  give  more  than  one  or  two  instances 
in  proof  of  this  point : — Iron,  copper,  lead,  and  many  other  metals, 
when  exposed  to  the  atmosphere  in  mass,  are  acted  upon  very 
slowly  by  it,  and  they  become  gradually  converted  into  oxide 
upon  the  surface ;  if,  however,  they  be  reduced  to  a  finely  divided 
state,  they  are  oxidized  with  such  rapidity  as  often  to  become 
incandescent.     If  iron,  cobalt^  or  nickel  be  reduced  by  hydrogen 
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from  its  oxide,  at  a  low  red  heat,  it  is  obtained  in  this  form :  by 
the  interposition  of  some  infusible  matter  between  the  particles  of 
the  precipitated  oxide,  as  may  be  effected  by  precipitating  a  little 
alumina  or  magnesia  along  with  the  oxide,  the  tendency  to  rapid 
oxidation  is  much  increased ;  probably  because  the  cohesion  of  the 
fine  particles  of  reduced  metal  is  mechanically  prevented,  and  the 
access  of  the  air  to  each  portion  takes  place  with  facility.  Copper, 
when  precipitated  fix)m  its  solutions  by  metallic  iron,  or  when 
reduced  by  means  of  hydrogen  tram  its  oxide  at  a  low  tempera- 
ture, often  takes  fire  and  glows  like  tinder,  when  only  a  very 
slight  elevation  of  temperature  is  applied  to  it.  K  a  portion  of 
plumbic  tartrate  be  exposed  in  a  glass  tube  to  a  heat  suflScient  to 
char  the  acid,  the  metallic  lead  is  reduced  throughout  the  mass  in 
a  state  of  extreme  division,  and  when  poured  into  the  air  it  gene- 
rally takes  fire,  and  bums  with  scintillations. 

The  opposite  influence,  exercised  by  the  force  of  cohesion,  is 
seen  on  contrasting  the  facility  with  which  disintegrated  carbon 
bums  when  in  the  shape  of  tinder,  with  the  difficulty  which  is  ex- 
perienced in  effecting  the  combustion  of  the  compact  coke  which 
is  deposited  from  coal-gas  upon  the  interior  of  the  iron  retorts ; 
and  a  decrease  of  combustibility  may  be  traced  through  all  the 
different  forms  of  carbon,  in  proportion  as  their  hardness  and 
density  increase. 

(994)  Influence  of  Adhesion  and  Solution  on  Chemical  Attrac- 
tion.— It  is  mainly  to  the  intimate  subdivision  effected  by  means 
of  solution,  that  this  operation  owes  its  important  influence  in 
facilitating  chemical  combination.  The  force  of  cohesion  amongst 
the  component  particles  of  the  bodies  dissolved  is  balanced  by 
their  adhesion  to  those  of  the  liquid,  and  the  particles  of  the  sub- 
stance in  solution,  being  free  to  move  in  any  direction,  easily  obey 
the  force  of  chemical  attraction. 

The  influence  of  cohesion  in  preventing  chemical  action,  and 
the  manner  in  which  the  force  of  adhesion,  as  displayed  in  the 
production  of  solution,  may  act  in  favouring  chemical  action,  are 
well  exemplified  by  the  effect  of  nitric  acid  upon  baric  carbonate. 
Baric  nitrate,  although  soluble  in  water  and  in  diluted  nitric  acid, 
is  not  soluble  in  the  concentrated  acid :  when,  therefore,  concen- 
trated nitric  acid  is  poured  upon  finely  powdered  baric  carbonate, 
it  occasions  but  a  slight  effervescence,  which  speedily  comes  to  an 
end,  although  the  acid  maybe  in  large  excess.  If  the  liquid  be  diluted 
with  a  small  quantity  of  water,  a  brisk  effervescence  is  temporarilv 
renewed,  but  again  soon  ceases ;  on  a  further  addition  of  water,  a 
fresh  effervescence  occurs,  and  when   the  acid  has  been  diluted 
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Tirith  8  or  lo  tiraes  its  bulk  of  water^  the  whole  of  the  baric  car- 
bonate is  decomposed  and  dissolved. 

For  a  similar  reason^  alcoholic  solutions  of  acids  are  without 
action  on  the  carbonates^  unless  the  resulting  salt  be  soluble  in 
alcohol.  A  mixture  of  tartaric  acid  and  alcohol  will  not  decom- 
pose  potassic  carbonate.  Hydrochloric  acid  when  dissolved  in 
alcohol  will  not  decompose  potassic  carbonate^  but  will  decompose 
calcic  carbonate.  An  alcoholic  solution  of  nitric  acid  decomposes 
calcic  but  not  potassic  carbonate.  The  tartrates  are  insoluble  in 
alcohol^  so  are  potassic  chloride  and  nitrate^  but  calcic  chloride  and 
nitrate  are  dissolved  by  alcohol  freely. 

(995)  Influence  of  Elasticily. — In  the  numerous  instances  in 
which  two  salts  produce  mutual  decomposition^  frequent  examples 
are  afforded  of  the  results  produced  by  the  interference  of  other 
'forces  with  that  of  chemical  attraction.  The  action  of  ammonic 
sulphate  on  calcic  carbonate  affords  a  case  in  point.  If  these  two 
salts  be  mixed  in  a  dry  state,  at  ordinary  temperatures^  they  do 
not  appear  to  act  upon  each  other ;  but  if  subjected  to  the  influence 
of  a  gentle  heat^  a  double  decomposition  occurs^  ammonic  car- 
bonate and  calcic  sulphate  are  produced;  the  volatile  ammonic 
carbonate  is  expelled,  and  by  the  aid  of  the  force  of  elasticity,  it 
is  removed  from  the  mixture;  CaC03+(H4N)jSO^  yielding 
(H^N)2C0g  +  CaS0^.  But  suppose  a  solution  of  calcic  sulphate 
to  be  mixed  with  one  of  ammonic  carbonate,  the  effects  are 
exactly  reversed ;  calcic  carbonate,  owing  to  its  insolubility  and 
the  predominance  of  cohesion  among  its  particles,  is  precipitated, 
whilst  the  soluble  ammonic  sulphate  remains  in  the  liquid ; 
and  now  (H^NjjCOj  +  CaSO^  become  CaC03  +  (H4N)gSO^.  The 
chemist  very  often  avails  himself  of  the  influence  of  elasticity  in 
promoting  chemical  decomposition.  When,  for  example,  an  acid 
is  added  to  a  salt,  it  may  decompose  that  salt,  and  its  radicle  take 
the  place  of  the  oxion  or  radicle  previously  in  combination  with 
the  basyl,  provided  that  the  acid  of  the  original  salt  can  assume 
the  gaseous  form  at  ordinary  temperatures,  or  can  be  converted 
into  vapour  at  a  temperature  below  that  required  to  volatilize  the 
acid  employed  to  displace  it.  Carbonic  acid  may  thus  be  dis- 
placed from  the  carbonates  by  solutions  of  all  the  ordinary  mineral 
and  vegetable  acids,  except  the  hydrocyanic  and  hydrosulphuric 
acids. 

It  is  upon  this  principle  that  sulphuric  acid,  when  aided  by 

heat,  is  employed  to  displace  the  nitric,  the  hydrochloric,  the 

acetic,  the  formic,  the  butyric,  and  other  volatile  acids  from  their 

metallic  salts  by  distillation.     Even  a  feebler  but  more  fixed  acid 

II.  8  o 
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may  expel  the  stronger  acids  which  are  more  volatile  than  itself; 
oxalic  acid,  for  example^  if  boiled  with  solutions, of  the  chlorides, 
expels  hydrochloric  acid  from  the  liquid  with  facility. 

A  remarkable  illustration  of  the  important  influence  exerted 
by  elasticity  in  counteracting  powerful  chemical  attractions,  is 
afibrded  in  the  decomposition  of  the  stdphates  themselves,  by 
weaker  acids  at  a  high  temperature  : — for  example,  the  action  of 
sulphuric  acid  upon  bases  is  of  the  most  energetic  kind,  whilst 
that  of  boracic  acid,  on  the  contrary,  is  extremely  feeble.  If  a 
solution  of  borax  be  mixed  with  sulphuric  acid,  the  sodium  of  the 
salt  will  change  places  with  the  hydrogen  of  the  sulphuric  acid 
as  it  is  added,  whilst  boracic  acid  will  gradually  be  separated,  and 
if  the  liquid  be  hot  and  not  too  concentrated,  will  be  retained  in 
solution.  Owing  to  the  peculiar  action  of  boracic  acid  on  blue 
litmus,  it  can  be  shown  that  the  two  acids  do  not  divide  the 
sodium  between  them,  for  if  a  piece  of  blue  litmus-paper  be  placed 
in  the  liquid,  it  will  exhibit  the  peculiar  wine-red  tint  due  to 
boracic  acid,  until  a  quantity  of  sulphuric  acid  exactly  equivalent 
to  the  sodium  contained  in  the  borax  has  been  added ;  but  the 
moment  that  this  point  is  reached,  the  least  excess  of  sulphuric 
acid  immediately  reveals  itself  by  the  change  of  the  colour  of  the 
litmus  from  dusky  purplish-red  to  a  bright  red.  It  is  therefore 
clear  that  boracic  acid  cannot  effect  even  a  partial  displacement 
of  sulphion  frt)m  its  combination  with  sodium  when  the  two  are 
in  solution.  But  it  is  otherwise  at  a  red  heat :  if  boracic  anhy- 
dride be  fused  with  sodic  sulphate,  borax  is  produced,  and  sul- 
phuric anhydride,  which  is  volatile  at  this  high  temperature,  is 
expelled  in  the  elastic  form.  Other  acids  and  anhydrides  which 
are  known  to  have  a  feebler  attraction  for  bases  than  sulphuric 
acid,  but  which  support  a  red  heat  without  experiencing  volatiliza- 
tion, such  as  the  phosphoric  and  silicic  anhydrides,  are  also  able 
to  decompose  the  sulphates  when  heated  with  them. 

In  like  manner  when  a  base  which  is  fixed  is  heated  with  the 
salt  of  a  volatile  base,  the  volatile  base  is  displaced  by  the  more 
fixed  one ;  thus  quicklime  or  caustic  potash,  if  heated  with  an 
ammonium  salt,  is  converted  into  a  calcic  or  potassic  salt,  whilst 
water  and  gaseous  ammonia  are  expelled;  aH^NCl-f-CaO=CaCl, 
+  H2O  +  2H3N. 

(996)  The  effect  of  elasticity  in  removing  from  the  sphere  of 
action  one  of  the  components  of  a  body  which  is  undergoing  de- 
composition, may  in  some  cases  be  considerably  assisted  by  me- 
chanical means ;  and  when  the  attractions  of  the  displacing  body, 
and  of  the  substance  displaced  by  it,  for  the  other  constituent  of 
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the  compound^  are  nearly  equals  effects  which   are  in  apparent 
opposition  to  each  other  may  sometimes  be  produced.     For  in- 
stance^  ferric  oxide^  when  heated  to  redness  in  a  current  of 
hydrogen  gas^  is  gradually  reduced  to  the  metallic   state :  the 
steps  of  the  process  appear  to  be  these  : — A  small  quantity  of  water 
is    formed ;    it  immediately    diffuses  itself  in  vapour  into    the 
hydrogen,  and  is  mechanically  carried   away  by  the  current  of 
this  gas,  which  must  be  employed  in  considerable  excess  for  this 
purpose  ;  and  this  process  goes  on  until  the  reduction  is  complete. 
On  the  other  hand,  if  metallic  iron  be  heated  in  a  current  of  steam, 
water  is  decomposed,  hydrogen  is  liberated,  and  is  carried  beyond 
the  reach  of  chemical  action  upon  the  newly  formed  oxide  of  iron 
by  the  excess  of  the  steam  employed.     In  a  similar  manner,  if  a 
current  of  sulphuretted  hydrogen  be  transmitted  in  large  excess 
over  solid  hydropotassic  carbonate,  aided  by  a  gentle  heat,  car- 
bonic anhydride  and  water  will  be  displaced   from   the  acid-car- 
bonate, and  carried  forward  by  the  excess  of  the  gas,  whilst  dipo- 
tassic  sulphide  will  be  formed:  2KHC03  +  HjS  =  2C03  +  2H20 
+  KgS.     But  dipotassic  sulphide,  if  dissolved  in  water,  and  sub- 
jected to  a  current  of  carbonic  anhydride,  will,  in  its  turn,  be  gra- 
dually but  completely  decomposed;  the  sulphuretted   hydrogen 
being  carried  away  by  the  excess  of  carbonic   anhydride,  whilst 
hydropotassic  carbonate  is  formed  in  the   liquid :  K^S  4-  aCOj  + 
aH20=H2S  +  2KHC03. 

(997)  If  elasticity  be  prevented  by  mechanical  means  from 
exerting  its  influence  in  removing  a  body  from  contact  with 
others  for  which  it  has  an  attraction,  combinations  may  be  ob- 
tained which  cannot  otherwise   be   procured.     Wohler  [Liebig's 
AnnaL  Ixxxv.  376)  found  that  a  hydrate  of  sulphuretted  hydrogen 
may  be  obtained  in  colourless  crystals,  if  a  portion  of  persulphide 
of  hydrogen,  freed  from  acid,  be  sealed  up  in  a  strong  glass  tube 
with  a  small  quantity  of  water ;  the  persulphide  gradually  under- 
goes decomposition  into  crystallized  sulphur  and  gaseous  sulphu- 
retted hydrogen,  which,  when  liquefied  in  the  absence  of  water, 
at  ordinary  temperatures,  exerts  a  pressure  of  about  17  atmo- 
spheres.   But  if  water  be  present,  the  gas  combines  with  water,  and 
forms  a  crystalline  solid,  which  disappears  with  effervescence  when 
the  tube  is  heated  to  86°  (20°  C),  but  is  reproduced  on  cooling.    If 
a  tube  containing  crystals  of  this  compound  be  opened,  the  crystals 
immediately  disappear  with  brisk  effervescence.    In  other  cases,  the 
decomposition  of  compounds  already  formed  may  be  retarded  or 
prevented,  by  preventing  the  escape  of  the  elastic  constituent  by 
mechanical  means.    Hydrate  of  chlorine  offers  an  instance  of  this 

8  o  « 


820         ACTION  OF  ACIDS  ON  SALTS  IN  SOLUTION. 

kind.  Under  ordinary  circnmstances^  this  substance  becomes  liquid 
at  a  few  degrees  above  the  freezing-point  of  water^  with  escape  of 
gaseous  chlorine ;  but  if  the  solid  hydrate  be  sealed  up  in  a  glass 
tube^  it  remains  solid  even  when  the  temperature  rises  as  high  as 
68°  {acP  C),  the  pressure  of  chlorine  within  the  tube  retarding  the 
decomposition.  Again^  calcic  carbonate  is  decomposed  in  an  open 
fircj  at  a  red  heat^  into  carbonic  anhydride  and  quicklime ;  but  if 
it  be  enclosed  in  an  iron  tube^  the  mouth  of  which  is  plugged  to 
prevent  the  escape  of  the  acid^  the  carbonate  may  be  melted,  and 
on  cooling  it  furnishes  a  granular  mass,  which  is  still  calcic  car- 
bonate, and  has  the  appearance  of  marble  (Sir  J.  Hall). 

(998)  Action  of  Acids  on  Salts  in  Solution. — Whenever  an 
acid — that  is  to  say,  a  salt  of  hydrogen — is  added  to  the  solution 
of  a  salt  with  the  basyl  of  which  the  oxion  or  radicle  of  the  added 
acid  is  capable  of  forming  a  soluble  compound,  it  may  be  supposed 
to  produce  a  partial  exchange  of  its  basic  hydrogen  with  the  basyl 
of  the  salt  originally  in  solution,  so  that  two  acids  and  two  salts 
may  be  present  in  the  liquid,  in  some  unknown  proportions  de- 
pending upon  the  strength  of  the  relative  attractions  of  the  metal 
for  the  radicles  of  the  two  acids  : — ^when,  for  example,  potassic 
nitrate  is  mixed  with  sulphuric  acid,  part  of  the  potassium  may 
be  supposed  to  exchange  places  with  the  hydrogen  of  the  sul- 
phuric acid,  and  part  to  remain  united  with  the  nitrion,  while  a 
portion  of  nitric  acid  will  be  liberated,  and  will  become  mixed 
with  the  uncombined  sulphuric  acid :  for  example,  2HjS0^-f 
4KN0j = HjSO^ + KjjSO^ + aHNOj  +  2KNO3.  '^^  occurrence  of 
such  a  decomposition  as  this,  although  probable,  in  many  cases 
does  UQt  admit  of  direct  proof.  If  an  additional  force  be  called 
into  operation,  such  as  the  development  of  elasticity  on  the  appli- 
cation of  heat,  the  more  volatile  acid  may  be  expelled  in  the  form 
of  vapour,  and  may  thus  be  withdrawn  from  the  sphere  of  action. 
This,  however,  is  no  proof  that  such  an  exchange  of  basyls  actually 
existed  before  the  heat  was  applied.  In  cases  where  the  attrac- 
tion of  the  radicle  of  one  acid  for  the  metallic  basyl  is  very 
strong,  while  that  of  the  other  is  feeble,  the  radicle  of  the  stronger 
acid  may  (as  in  the  case  of  sulphuric  acid  and  borax,  already  cited) 
entirely  appropriate  the  basyl  to  itself.  But  where  the  two  acids 
at  all  approach  each  other  in  chemical  power,  it  must  be  assumed 
that  a  partial  exchange  of  the  basyl  for  hydrogen  takes  place. 
Sometimes  the  occurrence  of  such  a  partition  can  be  proved  by 
the  chaoge  of  colour  which  ensues  after  the  mixture  has  been 
effected.  Cupric  sulphate,  for  example,  is  of  a  blue  colour  when 
in  solution,  and  cupric  chloride  is  green.     If  a  solution  of  the 
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"blue  sulphate  be  mixed  with  hydrochloric  acid,  it  is  evident  that 
the  copper  enters  partially  into  combination  with  the  chlorine  of 
the  hydrochloric  acid,  siince  the  solution  assumes  a  bright  green 
tint;  2CuS04+4HCl=CuS04+CuCl3  +  HjS0^+aHCl. 

If  the  basyl  form  an  insoluble  compound  with  the  radicle  of 
the  newly  added  acid^  it  is  possible  to  decompose  the  original  salt 
completely  by  its  means.  If,  for  instance,  a  solution  of  baric 
nitrate  or  acetate  be  mixed  with  sidphuric  acid,  it  may  be  sup- 
posed that  the  barium  divides  itself  between  the  two  oxions  in 
proportion  to  its  attraction  for  each ;  but  since  baric  sulphate  is 
insoluble,  it  is  at  once  withdntwn  from  the  mixture,  and  the 
barium  remaining  in  the  original  salt  again  divides  itself  between 
the  two  oxions ;  the  fresh  portion  of  baric  sulphate,  however,  is 
immediately  precipitated;  and  so,  by  a  series  of  steps  which> 
where  the  chemical  attractions  are  strong,  succeed  each  other  far 
more  rapidly  than  they  can  be  described, — the  whole  of  the  barium 
is  separated  in  the  form  of  an  insoluble  sulphate,  leaving  the 
nitric  or  the  acetic  acid  free  in  the  solution. 

A  very  feeble  acid  may  even  displace  a  more  powerful  one 
when  the  compound  which  it  forms  is  insoluble  in  the  menstruum 
in  which  it  is  suspended.  Hydrocyanic  acid  will  separate  nitric 
acid  from  argentic  nitrate,  owing  to  the  formation  of  the  inso- 
luble argentic  cyanide ;  AgNO^  +  HCy = HNOg  +  AgCy.  Tartaric 
acid  will  liberate  sulphuric  acid  in  a  solution  of  argentic  sulphate, 
owing  to  the  formation  of  an  insoluble  argentic  tartrate.  Oxalic 
acid  will  precipitate  cupric  oxalate  from  a  solution  of  cupric  chlo- 
ride ;  and  Pelouze  has  observed  that,  if  a  current  of  carbonic  an- 
hydride be  transmitted  through  a  solution  of  potassic  acetate  dis- 
solved in  alcohol,  acetic  acid  will  be  liberated^  and  potassic  car- 
bonate, which  is  insoluble  in  alcohol,  will  be  separated ;  but  no 
such  change  occurs  in  its  aqueous  solution,  since  potassic  car- 
bonate is  freely  soluble  in  water.  This  rule,  however,  is  not 
without  exception,  where  one  acid  is  very  powerful  and  the  other 
is  very  feeble ;  calcic  borate,  for  instance,  is  an  insoluble  salt,  but 
a  solution  of  boradc  acid  will  not  occasion  any  precipitate  if  mixed 
with  one  of  calcic  nitrate ;  calcic  citrate  and  tartrate  are  also  in- 
soluble compounds,  but  neither  solution  of  citric  nor  of  tartaric 
acid  occasions  a  precipitate  in  one  of  calcic  nitrate. 

In  like  manner,  if  the  acid  originally  present  be  insoluble  in 
water,  it  will  be  separated,  and  the  salt  will  be  decomposed ;  for 
example,  on  the  addition  of  nitric  add  to  a  solution  of  potassic 
tungstate,  the  tungstic  acid  is  precipitated,  whilst  potassic  nitrate 
is  retained  in  the  solution;  aHNOg  +  K2WO^=aKN03-f  H,WO^. 
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(999)  Action  of  Bases  on  Salts  in  Solution, — An  analogous  de- 
composition occurs  if  a  quantity  of  some  additional  base  be  added 
to  a  saline  solution.  K  the  two  bases  be  soluble^  and  the  salts 
which  they  form  be  also  soluble,  the  solution  will  remain  clear^ 
and  it  may  be  supposed  that  the  acid  radicle  is  divided  between 
the  metals  of  the  two  bases  in  proportion  to  its  attraction  for 
each,  as  when  a  solution  of  baric  nitrate  is  mixed  with  a  solution 
of  caustic  potash  :  a  mixture  of  baric  and  potassic  nitrate  with 
baric  and  potassic  hydrate  is  thus  obtained ;  but  as  baric  hydrate 
is  less  soluble  than  potassic  hydrate,  a  portion  of  baric  hydrate 
will  be  gradually  deposited  if  the  solutions  be  in  a  concentrated 
form.  K  either  of  the  bases  be  insoluble,  or  form  an  insoluble 
salt  with  the  acid,  a  complete  separation  of  the  base  or  of  the  acid 
contained  in  the  original  salt  may  be  effected.  For  example,  the 
salts  of  nearly  all  the  metals,  with  the  exception  of  those  of  the 
alkalies  and  of  the  alkaline  earths,  are  derived  from  metallic 
oxides  which  are  not  soluble  in  water :  the  addition  of  any 
soluble  base,  such  as  potash,  soda,  or  ammonia  to  their  solutions, 
immediately  occasions  the  precipitation  of  the  insoluble  oxide. 
It  is  in  this  manner  that  such  oxides  are  commonly  prepared 
from  their  solutions ;  for  example,  the  oxide  of  zinc,  of  iron,  of 
cobalt,  of  nickel,  of  manganese,  or  of  silver,  may  thus  be  com- 
pletely separated  from  the  acid  by  which  it  was  previously  held  in 
solution  ;  for  instance,  2KHO  +  CoSO^=CoO,HjO  +  K2SO^.  Solu- 
tion of  the  hydrate  either  of  baryta,  of  strontia,  or  of  lime,  acts 
in  a  similar  manner,  if  the  acid  be  one  which,  like  the  nitric  or 
the  hydrochloric,  is  capable  of  furnishing  a  soluble  compound  by 
its  action  upon  these  bases.  A  solution  of  cupric  nitrate  may 
thus  be  decomposed  by  a  solution  of  baric  hydrate ;  CuaNOj  -f- 
BaO,HjO= BaaNOg  +  CuO,H  jO. 

In  a  few  cases,  no  precipitation  occurs  even  though  the  oxide 
be  insoluble ;  when,  for  instance,  mercuric  cyanide  is  mixed  with 
a  solution  of  potash,  no  precipitate  is  produced,  although  mercuric 
oxide  is  insoluble  in  water. 

If  the  newly  added  base  form  an  insoluble  compound  with  the 
acid,  it  is  wholly  precipitated  by  it ;  and  if  the  other  base  be 
soluble,  it  remains  in  the  liquid.  One  of  the  methods  of  forming 
a  pure  solution  of  potash  is  founded  on  this  principle ;  in  this  ex- 
periment, a  solution  of  potassic  sulphate  is  mixed  with  a  quantity 
of  solution  of  baric  hydrate  exactly  sufScient  to  precipitate  the 
whole  of  the  sulphuric  acid ;  BaO,H<,0  +  KjjSO^ = aKHO  -f  BaSO^ ; 
and  in  a  similar  manner  potassic  oxalate  is  deprived  of  its  oxalic 
acid  by  the  addition  of  lime-water  to  its  solution^  owing  to  the 
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formation  of  an  id  soluble  calcic  oxalate.  If  the  base  as  well  as 
the  salt  which  is  formed  by  the  addition  of  the  new  base  to  the 
acid  be  insoluble^  it  is  possible  to  precipitate  the  whole  of  both 
acid  and  base  from  the  liquid  simultaneously ;  as  when  a  solution 
of  baric  hydrate  is  added  in  regulated  quantities  to  a  solution  of 
argentic  sulphate;  BaO,H20-hAg2S04=Ag5,0,H30-hBaS04. 

(looo)  Mutual  Action  of  Salts  in  Solution. — It  is  a  rule  almost 
without  exception,*  that  when  solutions  of  two  salts,  capable  of 
forming,  by  interchange  of  their  acid  radicles  and  basyls,  an  inso^ 
iuble  or  sparingly  soluble  salt,  are  mixed,  the  salts  decompose  each 
other,  and  the  compound  which  is  least  soluble  is  precipitated.  It 
is  in  this  manner  that  the  greater  nimiber  of  insoluble  compounds 
are  formed  by  the  process  of  double  decomposition.  Argentic 
iodide  is  thus  obtained  by  acting  upon  a  solution  of  argentic 
nitrate  with  one  of  potassic  iodide ;  AgNOg  -}■  KI  =  KNO3  -}■  Agl ; 
and  in  a  similar  manner,  if  manganous  carbonate  or  tricupric 
diphosphate  be  required,  it  may  be  procured  by  mixing  a  solu- 
tion of  maDganous  chloride  or  of  cupric  sulphate  with  one  of 
potassic  carbonate  or  of  hydrodisodic  phosphate.  Sometimes  a 
soluble  compound  may  be  advantageously  procured  in  this  manner^ 
as  in  the  ordinary  method  of  preparing  aluminic  acetate,  in  which 
a  solution  of  plumbic  acetate  is  mixed  with  one  of  aluminic 
sulphate :  plumbic  sulphate  is  precipitated,  and  aluminic  ace- 
tate remains  dissolved ;  sCPbaCgHgOg)  -h  Al^sSO^  =  sPbSO^  + 
2(Al3C,H30,). 

When  two  saline  solutions  are  mixed,  which,  by  the  inter- 
change of  their  acid  radicles  and  basyls,  form  compounds  also 
freely  soluble,  there  is  in  ordinary  cases  no  proof  that  any  change 
occurs,  though  it  is  usually  supposed  that  a  mixture  of  four  dif- 
ferent salts  is  produced.  When,  for  instance,  solutions  of  potassic 
sulphate  and  sodic  nitrate  are  mingled,  it  is  imagined  that  a  mix- 
ture of  potassic  and  sodic  sulphates,  and  of  potassic  and  sodic 
nitrates,  in  unknown  proportion,  dependent  upon  the  balance  of 
the  mutual  attraction  of  the  oxions  and  basyls,  is  the  result.  In 
like  manner  the  mixture  of  three  salts,  each  containing  a  different 
radicle  and  a  different  basyl,  would  occasion  the  formation  of 
nine  different  salts ;  and  the  mixture  of  four  salts,  each  contain- 
ing different  oxions  and  different  basyls,  should  produce  sixteen 


*  When  a  solution  of  mercuric  cyanide  is  mixed  with  one  of  argentic  nitrate, 
little  or  no  precipitate  is  produced,  ^though  argentic  cyanide  is  a  very  insoluble 
compound,  and  mercuric  cyanide  has  not  the  power  of  forming  a  soluble  double 
cyanide  with  it. 
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different   salts,  provided  that  all  are  capable  of  coexisting  in 
solution. 

Hence  it  will  be  seen  that  it  is  impossible  to  state  with  cer- 
tainty what  are  the  salts  which  are  present  in  mixture  in  any 
solution  which  contains  a  number  of  saline  compounds.  In  the 
analysis  of  a  mineral  water,  for  example,  it  is  possible  to  deter- 
mine the  amount  of  each  acid  radicle  and  of  each  basyl  which 
is  present,  but  it  is  not  possible  to  say  what  the  salts  really  were 
which  were  brought  into  solution  to  form  the  mineral  water  in 
question.  Sidphion,  nitrion,  carbion,  and  chlorine  may  have  been 
present  amongst  the  acid  radicles,  and  potassium,  sodium,  calcium, 
and  magnesium  amongst  the  basyls ;  but  it  is  impossible  to  say 
how  all  those  radicles  and  basyls  are  distributed  in  the  solution. 
Many  chemists  allot  the  basyls  to  the  acid  radicles  in  the  order  of 
the  insolubility  of  the  diflTerent  salts,  whilst  others  allot  the 
strongest  basyls  to  the  strongest  radicles.  In  reporting  the  results 
of  analysis,  however,  the  quantities  of  the  separate  salt  radicles  and 
basyls  should  invariably  be  given;  in  addition  to  which,  the  analyst, 
if  he  pleases,  can  allot  them  according  to  his  fancy.  The  fore- 
going remarks  may  be  illustrated  by  the  curious  alternate  decom- 
positions which  diflferences  of  solubility  at  diflferent  temperatures 
sometimes  bring  about :  a  striking  instance  of  this  kind  occurs  in 
the  case  of  a  mixture  containing  both  magnesic  sulphate  and 
common  salt.  These  salts  occur  mixed  together  on  a  large  scale 
in  the  mother-liquor  of  sea- water,  after  the  bay-salt  has  been  sepa- 
rated. Four  salts  may  be  formed  by  the  intermixture  of  these 
two  compounds,  viz.,  magnesic  sulphate,  sodic  sulphate,  magnesic 
chloride,  and  sodic  chloride.  Of  these  four  salts,  sodic  chloride 
is  the  least  soluble  at  the  boiling-point ;  if,  therefore,  the  solu- 
tion be  concentrated  by  ebullition,  sodic  chloride  is  separated 
in  crystals;  and  as  the  liquid  cools,  the  magnesic  sulphate 
crystallizes  out.  The  eflFect,  however,  will  be  different  if  the 
solution  be  allowed  to  evaporate  spontaneously  in  the  open 
air;  at  low  temperatures  the  sodic  sulphate  is  the  least 
soluble  of  the  four  salts ;  and  at  low  temperatures  it  is  the 
sodic  sulphate  which  separates  in  crystals  from  the  liquid, 
whilst  the  "readily  soluble  magnesic  chloride  remains  in  solution 

(P-  406)- 

Upon  a  similar  principle  sodic  nitrate  is  converted  on  a  large 

scale  into  potassic  nitrate,  by  mixing  it  with  potassic  chloride ; 

on  concentrating  the  solution  by  boiling  it,  sodic  chloride  is 

separated  in  crystals,  and  potassic  nitrate  crystallizes  out  as  the 

liquid  cools :  at  low  temperatures  sodic  chloride  is  more  soluble 
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than  potassic  nitrate^  and  the  nitre  crystallizes  out  nearly  in  a 
state  of  purity. 

It  may,  in  fact^  be»  stated  as  a  general  principle^  that  on  con- 
centrating a  mixed  solution  by  evaporation,  the  salt  which  is  least 
soluble  at  the  particular  temperature  employed  is  that  which  is 
first  formed. 

In  certain  cases  where  there  is  no  great  difference  in  the  solu- 
bility of  two  salts,  evidence  is  yet  afforded  of  their  mutual  decom- 
position when  the  solutions  are  mixed^  by  the  change  of  colour 
which  then  ensues.  Potassic  sulphocyanide^  for  example^  when 
mixed  with  a  solution  of  ferric  chloride^  so  much  diluted  as  to  be 
colourless,  indicates  by  the  blood-red  solution  which  it  forms, 
that  a  mutual  interchange  of  the  components  of  the  two  salts  has 
been  partially  effected.  In  a  manner  somewhat  similar,  when  a 
solution  of  ferrous  sulphate  is  mixed  with  one  of  sodic  acetate,  on 
transmitting  a  current  of  sulphuretted  hydrogen  through  the 
liquid,  the  iron  is  precipitated  in  the  form  of  a  black  sulphide. 
This  reaction  could  only  take  place  owing  to  the  presence  of 
ferrous  acetate,  since  a  solution  of  ferrous  acetate  admits  of  being 
thus  decomposed  by  sulphuretted  hydrogen,  but  one  of  ferrous 
sulphate  is  not  so  acted  upon.  The  entire  quantity  of  iron  may 
be  separated  in  this  manner,  for  no  sooner  is  a  certain  propor- 
tion of  the  iron  rendered  insoluble,  than  a  fresh  portion  of 
ferrous  acetate  is  formed ;  and  this  formation  and  decomposition 
of  the  salt  continues  so  long  as  any  iron  remains  in  a  state 
of  solution. 

(looi)  Infltience  of  Mass  in  the  Formation  of  Chemical  Com- 
pounds.— 'A  curious  question  presents  itself  as  to  the  proportion  in 
which  two  bodies  are  capable  of  thus  decomposing  each  other  on 
mixture.  When,  for  example,  three  different  bodies,  a,  b,  and  c, 
are  mixed  together,  one  of  which,  c^  is  capable  of  combining  with 
either  of  the  other  two,  and  forming  with  them  compounds,  a  c, 
B  c,  which  in  both  cases  are  soluble,  the  quantity  of  a  and  of  b 
being  considerably  in  excess  of  c, — will  the  proportion  in  which 
c  enters  into  combination  with  a  and  b,  be  determined  merely 
by  the  strength  of  their  relative  chemical  attraction  ?  or  will  the 
proportion  in  which  each  of  these  bodies  is  present  also  influence 
the  result  ?  It  was  argued  by  Berthollet,  that  not  only  would  c 
be  divided  between  a  and  b,  but  that  in  proportion  as  the  quan- 
tity of  one  of  these  bodies,  a,  preponderated  over  the  other  body, 
b,  the  proportion  of  a  c  in  the  mixture  would  be  increased,  while^ 
of  course,  that  of  b  c  would  be  diminished.  If,  on  the  other 
hand^  the  proportion  of  b  were  increased^  the  quantity  of  the 
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compound  b  c  would  be  augmented^  whilst  that  of  a  c  would  be 
proportionately  lessened,  the  body  c  dividing  itself  between  a  and 
B,  in  a  proportion  represented  by  the  product  of  its  chemical 
attraction  for  each  of  these  elements  multiplied  into  their  mass. 
Thus  if  a  represent  the  mass  of  a,  let  a:  represent  its  chemical 
attraction  for  c ;  if  /3  be  the  mass  of  b,  and  y  its  chemical  attrac- 
tion for  c ;  then  ax  :  (iy  :  :  a  c  :  b  c.  Suppose,  for  example,  a 
solution  of  potassic  nitrate  to  be  mixed  with  more  than  its  equi- 
valent of  sulphuric  acid ;  it  is  generally  conceded  that  the  potas- 
siimi  divides  itself  between  the  two  acids,  forming  a  mixture  of 
potassic  sulphate  and  nitrate,  with  &ee  sulphuric  and  nitric  acids. 
Now  if  the  quantity  of  sulphuric  acid  be  increased,  will  the 
quantity  of  potassic  sulphate  which  is  thus  formed  be  influenced 
by  the  amount  of  sulphuric  acid  which  is  thus  added  in  excess  ? 
and  if  so,  to  what  extent  will  this  influence  of  the  mciss  of  the 
acid  modify  the  simple  efiect  of  chemical  attraction. 

Let  us  imagine,  for  example,  that  x,  the  attraction  of  sulphion 
for  potassium, =5,  whilst  y,  that  of  nitrion  for  potassium, =4. 
When  an  equivalent  of  sulphuric  acid  is  presented  to  an  equivalent 
of  potassic  nitrate,  the  mass  a  of  sulphuric  acid  =  i :  that  of  the 
nitric  acid  /3=  i  also.  Then  aJ?  :  /3y  as  5  :  4.  The  nitrate  will  be 
partially  decomposed :  ^  of  the  potassium  will  enter  into  combina- 
tion with  the  sulphion,  whilst  ^  will  be  united  with  nitrion,  and  we 
shall  have  in  the  solution  ^  (K^SOJ,  ^  (2KNO3),  ^  (H^SO^)  and 
^  (2HNO3).  But  suppose,  instead  of  adding  1  equivalent  of  sul- 
phuric acid,  a  equivalents  be  employed,  whilst  the  proportion  of  the 
nitrate  remains  unaltered ;  the  mass  a  of  the  sulphuric  acid  is  now 
2,  and  ax  :  (iy  as  10  :  4.  The  proportion  of  potassic  nitrate  will 
be  diminished,  and  there  will  be  +f  (K^SOJ,  tV  (aKNO,), 
i-iV  (HgSOJ,  and  -H-  (aHNOj);  and  if  3  equivalents  of  sulphuric 
acid  be  employed  to  i  of  potassic  nitrate,  since  the  mass  a  of  sul- 
phuric acid  is  now =3 ;  ax :  fiy  aa  ^5^4*  consequently  the  pro- 
portions of  the  ingredients  would  be  -f^  (K^SOJ,  vV  (^K.NOj), 
2tV  (H3SOJ,  and  -{4  (2HNO3) ;  the  proportion  of  potassic  sulphate 
continuing  to  increase,  though  in  a  decreasing  ratio,  for  every 
addition  of  free  sulphuric  acid  to  the  solution. 

(1002)  Gladstone's  Experiments  on  Mass. — No  experimental 
solution  of  this  problem  was  given  by  Berthollet,  and  the  question 
fell  into  abeyance ;  but  within  the  last  few  years  several  attempts 
have  been  made  with  considerable  success  to  determine  this  ques- 
tion quantitatively.  Gladstone  {Phil.  Trans.  1855,  p.  179)  has 
published  a  scries  of  experiments  in  which  he  has  made  use  of  the 
change  of  colour  which  solutions  of  certain  salts  undergo  on  mix- 
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ture  with  each  other^  as  a  means  of  ascertaining  the  extent  to 
which  this  mutual  decomposition  proceeds  when  all  the  products 
remain  in  solution.  The  principle  of  his  experiments  will  be 
easily  imderstood.  Solutions  of  several  ferric  salts,  such  as  the 
ferric  sulphate,  nitrate,  chloride,  acetate,  citrate,  &c.,  were  pre- 
pared in  such  a  maimer  that  each  should  contain  the  same  pro- 
portion of  iron  dissolved  in  the  same  bulk  of  water  (each  of  the 
solutions  employed  contained  a  quantity  of  iron  corresponding 
very  nearly  to  i  part  of  ferric  oxide  in  looo  parts  of  water).  A 
solution  of  pure  potassic  sulphocyanide  was  then  prepared  of  such 
a  strength,  that  when  i  measure  of  this  solution  and  4  of  that  of 
the  ferric  salts  were  mingled,  the  proportion  of  sulphocyanogen 
should  be  exactly  sufficient  to  convert  the  whole  of  the  iron  into 
sulphocyanide,  if  complete  mutual  decomposition  occurred  :  thus 
the  proportions  of  the  two  salts  employed  were  such  that  it  would 
be  possible  for  exact  mutual  interchange  to  occur  as  represented 
in  the  following  equation:  Fe36N03-}-6KScy=Fe2Scyg-h6KN03. 
On  making  the  e&periment  in  this  manner,  it  was  foimd  that  the 
iron  was  never  wholly  converted  into  the  red  salt,  for  the  tint 
was  deepened  by  the  addition  of  more  either  of  the  ferric  salt  or 
of  the  sulphocyanide.  In  order  to  obtain  a  quantitative  estimate 
of  the  amount  of  these  effects,  definite  measures  of  the  solutions 
of  ferric  nitrate  and  of  potassic  sulphocyanide  were  mixed 
together,  and  the  liquid  so  obtained  was  diluted  with  water  until 
it  occupied  a  known,  but  arbitrary  volume.  This  diluted  mixture 
furnished  a  liquid  of  a  certain  depth  of  colour  which  was  em- 
ployed as  a  standard  of  comparison.  Another  measure  of  the 
solution  of  ferric  nitrate,  equal  to  that  used  in  the  standard 
solution,  was  mixed  with  regulated  additions  of  the  potassic  sul- 
phocyanide, and  the  liquid  thus  obtained  was  diluted  with 
measured  quantities  of  water  after  each  addition  of  sulphocyanide, 
until,  as  far  as  the  eye  could  distinguish,  this  solution  had  the 
same  depth  of  tint  as  that  employed  as  the  standard ;  it  was  then 
assumed  that  the  quantity  of  ferric  sulphocyanide  formed  was 
proportionate  to  the  bulk  of  the  two  solutions.*  Suppose  that 
the  standard  solution  occupied  a  volume  of  880  measures :  it  was 
found  that  if  twice  the  quantity  of  the  potassic  sulphocyanide 
employed  in  the  standard  liquid  were  made  use  of  in  the  new 
solution,  this  mixture  would  require  dilution  till  it  occupied  1270 

*  Gladstone  found  that  simple  dilation  of  the  ferric  sulphocyanide  reduced 
the  tint  in  a  proportion  greater  than  could  be  accounted  for  by  mere  dilution ; 
but  this  source  of  error  was  eliminated,  and  was  not  found  to  present  itself  in 
other  cases  which  he  employed  to  test  the  accuracy  of  the  general  condosion. 
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measures.  The  proportion  of  ferric  sulphocyanide  formed  in 
these  two  cases  was  assumed  to  be  as  880  to  1270^  or  as  i  to  1*44. 
The  excess  of  sulphocyanide  thus  employed  had  therefore  with- 
drawn an  additional  quantity  of  iron  &om  its  combination  with 
the  nitric  acid. 

In  this  manner  experiments  were  made  with  quantities  of  the 
potassic  sulphocyanide^  progressively  increasing  firom  one-fifth  of 
an  equivalent  of  the  sulphocyanide  to  each  equivalent  of  ferric 
nitrate^  up  to  375  equivalents  of  sulphocyanide  to  i  equivalent  of 
ferric  nitrate^  and  it  was  found  that  the  quantity  of  ferric  sulpho- 
cyanide which  was  formed,  continued  to  increase  with  every 
addition  of  potassic  sulphocyanide,  though  the  effect  of  each  con- 
secutive addition  became  less  and  less  marked. 

It  was  ascertained,  as  indeed  it  was  to  be  expected,  that  the 
proportions  of  ferric  sulphocyanide,  which  are  formed  by  the 
mixture  of  equivalent  quantities  of  other  salts  of  iron  with  given 
amounts  of  the  potassic  sulphocyanide,  vary  with  the  nature  of 
the  acid  radicle  contained  in  the  ferric  salt.  For  example,  it 
was  found  that  when  ferric  nitrate  was  mixed  with  potassic  sul- 
phocyanide, in  the  proportion  of  equivalent  quantities  of  each, 
that  0*194  of  an  equivalent  of  the  red  salt  was  formed.  When 
an  equivalent  of  ferric  chloride  was  used,  0*173  of  an  equivalent 
was  formed;  when  ferric  sulphate  was  employed,  0*126  of  an 
equivalent  was  produced;  with  ferric  acetate  0*04  only  was 
formed ;  and  when  ferric  citrate  was  employed,  the  quantity  of 
ferric  sulphocyanide  which  it  yielded  was  too  small  to  admit  of 
being  estimated.  The  iron  therefore  retained  the  radicles  of  these 
different  acids  with  degrees  of  force  which  vary  inversely  with  the 
quantity  of  ferric  sulphocyanide  which  is  formed,  whilst  the  potas- 
sium in  the  sulphocyanide  attracted  them  with  a  power  in  direct 
proportion  to  these  quantities.  Various  attempts  have  been  made 
to  obtain  relative  numerical  expressions  for  the  force  of  chemical 
attraction  by  which  different  compounds  are  united,  but  they  have 
all  hitherto  failed.  Experiments  conducted  upon  the  principle  of 
those  of  Gladstone  appear  to  offer  the  fairest  prospect  of  solving 
this  interesting  and  important  problem. 

Besides  the  ferric  sulphocyanide,  Gladstone  examined  a  variety 
of  other  coloured  compounds ;  one  of  these  was  the  scarlet  auric 
bromide,  which  becomes  yellow  when  mixed  with  potassic  and 
sodic  chlorides,  to  an  extent  varying  with  the  proportion  in  which 
these  salts  are  added :  quinia  sidphate,  when  mixed  with  a 
soluble  chloride,  bromide,  or  iodide,  also  afforded  similar  indica- 
tions, as  it  loses  its  fluorescent  character  (no)  in  proportion  to 
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the  quantity  of  chloride  or  bromide  with  which  it  is  mixed. 
From  these  and  from  a  variety  of  other  experiments^  it  appears 
that  when  two  or  more  compounds  in  solution  are  made  to  act 
upon  each  other,  provided  that  the  products  which  they  form  by 
their  mutual  action  are  also  soluble,  the  following  conclusions  may 
be  drawn : — i.  That  mutual  interchange  between  the  bodies  which 
are  mixed  takes  place  in  determinate  proportions.    %.  That  these 
proportions  are  independent  of  the  manner  in  which  the  com- 
pounds were  originally  combiaed :  thus,  if  potassic  sulphate  and 
ferric  nitrate  be  mixed  in  equivalent  quantities,  the  result  is  the 
same  as  if  potassic  nitrate  and  ferric  sulphate  had  been  employed 
in  equivalent  quantities.     3.  That  these  proportions  are  depen- 
dent partly  upon  the  strength  of  the  mutual  attractions  of  the 
components  for  each  other,  and  partly  also  upon  the  mass,  or  re- 
lative proportion  of  each   compound  which  is    present  in  the 
mixture.     4.  That  the  alteration  of  the  mass  of  any  one  of  these 
compounds  alters  the  amount  of  all  the  other  compounds  which 
co-exist  in  the  mixture,  in  a  regularly  progressive  ratio ;   and 
these  quantities  admit  of  being  represented  by  regular  curves. 
In  most  cases  this  adjustment  of  the  relative  quantities  of  the 
different  bodies  takes  place  immediately  that  the  mixture  is  made. 
(1003)  Expertments  of  Bunsen  and  of  Debus. — ^The  results  are 
different  if  the  products  of  the  chemical  combination  be  at  once 
removed  from  the  sphere  of  action, — as  by  the  formation  of  gase- 
ous compounds,  or  of  an  insoluble  precipitate  when  two  liquids 
are  mixed.     Bunsen  has  investigated  the  results  obtained  in  some 
cases  of  gaseous  combination.    He  found  that  when  a  mixture  of 
hydrogen  and  carbonic  oxide  was  detonated  with  oxygen  in  quan- 
tity insufiBcient  for  its  complete  combustion,  the  oxygen  divided 
itself  between  the  two  gases  in  such  a  manner  that  the  quantities 
of  water  and  of  carbonic  anhydride  produced  were  in  very  simple 
atomic  relations  to  each  other  {Liebig's  Annal.  Ixxxv.  137).     He 
exploded  together  mixtures  of  oxygen,  hydrogen,  and  carbonic 
oxide,  in  varying  proportions,  the  hydrogen  and  carbonic  oxide 
being  each  in  considerable  excess  over  the  oxygen :  under  such 
circumstances  water  and  carbonic  anhydride  were  formed;   but 
the  quantity  of  carbonic  anhydride  was  greater,  in  proportion  as 
the  carbonic  oxide  preponderated,  accoVding  to  a  certain  law. 
Similar  results  were  obtained  by  detonating  cyanogen  with  a 
quantity  of  oxygen  insuflScient  for  its  complete  combustion ;  in 
such  case  nitrogen  and  a  mixture  of  carbonic  anhydride  and  car- 
bonic oxide  in  simple  proportions  were  obtained:  and  when  a 
mixture  of  carbonic  anhydride  and  hydrogen  was  detonated  with 
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a  quantity  of  oxygen  insufficient  for  the  consumption  of  the  hydro- 
gen, a  certain  proportion  of  the  carbonic  anhydride  was  reduced 
to  carbonic  oxide,  according  to  the  terms  of  the  same  law. 

The  following  is  the  law  deduced  by  Bunsen  from  his  expe- 
riments : — I.  When  two  gaseous  bodies,  a,  b,  are  mixed  with  a 
third  body,  c,  and  fired  by  means  of  the  electric  spark,  the  body 
c  takes  from  a  and  b  quantities  which  always  stand  to  one 
another  in  a  simple  atomic  relation :  so  that  for  i  atom  of  a  c, 
I,  2,  3  or  4  atoms  of  b  c  are  produced ;  for  2  atoms  of  a  c,  3,  or 
5,  or  7  atoms  of  b  c  are  formed.  If  i  atom  of  the  compound 
A  c,  and  one  of  b  c  be  formed  in  this  manner,  the  mass  of  a  may 
be  increased  in  the  presence  of  b,  up  to  a  certain  point,  without 
any  change  in  that  atomic  proportion ;  but  if  a  certain  limit  be 
passed,  the  relation  of  atoms,  instead  of  being  as  i :  i,  suddenly 
becomes  as  i  :  2,  or  as  2  :  3 ;  and  so  on. 

2.  When  a  body,  a,  acting  upon  an  excess  of  any  compound, 
b  c,  reduces  it,  so  that  a  c  is  formed,  and  b  is  set  at  liberty ; 
then — if  b  in  its  turn  can  reduce  the  newly-formed  compound, 
A  c — the  final  result  is,  that  the  reduced  part  of  a  c  is  in  simple 
atomic  proportion  to  the  unreduced  part.  In  the  case  of  these 
reductions  also,  the  mass  of  one  of  the  ingredients  of  the  mixture 
may  be  increased  up  to  a  certain  point  without  altering  the  re- 
lative proportions  of  the  compoimds  obtained ;  but  if  increased 
beyond  this  limit,  a  sudden  alteration  in  the  relative  proportions 
of  the  products  occurs ;  but  these  proportions  still  admit  of  being 
represented  by  simple  ratios.  This  second  portion  of  the  law 
needs  confirmation  by  more  extended  experiments. 

The  following  experiments  illustrate  the  first  part  of  the 
foregoing  law: — On  exploding  mixtures  of  carbonic  oxide  and 
hydrogen  with  oxygen,  in  the  following  proportions,  Bunsen 
found  that  the  quantities  of  carbonic  oxide  and  hydrogen  which 
were  oxidized  were  in  the  proportions  stated  below : — 

OTvmm       Mixture  detonated,   «._,,  __ij^      R»tio  of  gMea  burned. 
OTjgtau  Hydrogen.  C»rb.  oxide.   Hydrogen.    Cwb.  oxidfc 
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These  experiments  show  that,  as  the  proportion  of  carbonic 
oxide  to  the  hydrogen  in  the  mixture  decreased,  the  proportion 
oxidized  on  detonation  decreased  also,  but  it  decretLaed  per  saltum, 
not  gradually,  and  these  proportions  were  found  to  be  uniformly 
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the  same  on  repeating  the  detonation  with  the  same  mixture, 
although  the  degree  of  compression  to  which  the  mixture  was 
subjected  during  the  detonation  was  considerably  varied  in  dif- 
ferent experiments. 

The  following  are  Bunsen's  principal  experiments  in  support 
of  the  second  part  of  the  forgoing  law : — When  carbonic  anhy* 
dride  is  driven  over  ignited  charcoal,  it  is  wholly  converted  into 
carbonic  oxide ;  but  when  steam  is  transmitted  over  ignited  char- 
coal, a  mixture  of  hydrogen,  carbonic  oxide,  and  carbonic  anhy- 
dride is  produced,  in  the  proportion  of  4  volumes  of  hydrogen,  2 
of  carbonic  oxide,  and  i  volume  of  carbonic  anhydride.  Again, 
when  a  mixture  of  cyanogen  with  atmospheric  air  and  oxygen  was 
detonated  in  the  eudiometer  in  the  proportion  of  6*2  of  cyanogen 
to  10  of  oxygen,*  the  cyanogen  yielded  3  volumes  of  nitrogen, 
a  of  carbonic  oxide,  and  4  of  carbonic  anhydride :  and  when  a 
mixture  of  4*07  of  carbonic  anhydride,  33*25  of  hydrogen,  and 
10  of  oxygen  was  detonated,  a  portion  of  the  carbonic  anhydride 
yielded  oxygen  to  the  hydrogen,  and  was  reduced  to  the  state 
of  carbonic  oxide ;  3  volumes  of  carbonic  oxide  being  formed, 
whilst  exactly  2  volumes  of  carbonic  anhydride  remained  unacted 
upon,  although  a  large  excess  of  hydrogen  was  present. 

Debus  arrived  at  substantially  the  same  results  with  preci- 
pitates as  those  indicated  by  Bunsen  for  gaseous  mixtures : — 
he  precipitated  a  mixture  of  lime  and  baryta  water,  by  small 
proportions  of  a  solution  of  carbonic  acid ;  and  experiments  upon 
a  large  excess  of  a  dilute  solution  of  the  mixed  calcic  and  baric 
chlorides  to  which  a  dilute  solution  of  sodic  carbonate  was  added, 
led  to  a  similar  result. 

In  the  experiments  of  Bunsen,  it  must  be  recollected  that  the 
first  products  of  the  chemical  combination  are  immediately  re- 
moved from  the  sphere  of  action :  carbonic  anhydride,  and  car- 
bonic oxide,  and  water  will  not  mutually  react  upon  each  other ; 
and  in  the  experiments  of  Debus,  the  carbonates  of  the  metals  of 
the  earths  are  insoluble — ^they  are  therefore  at  once  withdrawn 
from  further  action  upon  the  mixture. 

(10030)  Messrs.  Harcourt  and  Esson  have  attacked  this  prob- 
lem in  a  diflferent  way.      {Phil.  Trans,  1865,  193;  1866,  117) : — 

Every  chemical  reaction  is  governed  by  certain  general  laws 
relating  to  the  quantity  of  the   substances  which  enter  into  it, 

*  Cyanogen  reqaires  for  the  complete  combustion  of  its  carbon  twice  its 
Tolume  of  oxygen,  so  that  6*2  of  cyanogen  woald  have  required  12*4  instead  of 
10  of  oxygen;  there  is  therefore  more  oxygen  than  would  suffice  for  the  con- 
version of  the  carbon  into  carbonic  oxide. 
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their  temperature,  their  physical  state,  and  the  time  during  which 
they  are  in  contact :  yet  the  number  of  cases  admitting  of  exact 
investigation  is  very  limited.  It  must  he  possible  to  begin  and 
end  the  reaction  abruptly  at  a  given  moment  so  as  to  limit  the 
time  exactly ;  and  it  must  be  possible  to  determine  accurately 
and  easily  one  at  least  of  the  products  of  the  reaction^  so  that 
the  amount  of  the  chemical  change  can  be  measured. 

These  conditions  they  attempted  to  fulfil  by  investigating  the 
reaction  of  oxalic  upon  permanganic  acid  : — When  a  solution  of 
potassic  permanganate  is  added  to  a  solution  of  oxalic  mixed  with 
diluted  sulphuric  acid,  the  red  colour  gradually  disappears^  owing 
to  the  reduction  of  the  permanganic  acid;  K5jMnjOg  +  3Hj,SO^+ 
5H2C204=K2SO^-h2MnSO^+ioC03+8HjO.  The  products  are 
all  soluble^  the  reaction  occurs  at  moderate  temperatures^  and 
the  time  may  be  conveniently  observed,  and  accelerated  or  re- 
tarded within  wide  limits.  The  action  of  oxalic  acid  upon  the 
permanganate  was  found,  however,  not  to  be  sufficiently  simple; 
and  after  a  laborious  series  of  experiments  they  ascertained  that 
another  reaction,  viz.,  that  of  hydric  peroxide  upon  hydriodic  acid, 
was  better  adapted  to  the  purpose. 

When  solutions  of  potassic  iodide  and  sodic  peroxide  are 
mixed  in  the  presence  of  sidphuric  acid  a  gradual  separation  of 
iodine  takes  place.  Sodic  and  potassic  sulphates  are  formed,  and 
the  liberated  hydric  peroxide  and  hydriodic  acid  undergo  a  change 
which  may  be  thus  represented :  HjOj  +  aHI = iHfi + 1^.  If  sodic 
hyposulphite  be  added  to  the  solution  it  instantly  reconverts  the 
iodine  into  hydriodic  acid,  but  though  the  hyposulphite  passes  into  a 
tetrathionate  it  appears  in  no  way  to  affect  the  course  of  the  reaction: 

HTposnlphnront  ftcid.  Tetrathionio  add. 

alwip,  +  I,  =  H,S,0,  +   aHI  +  aH^O. 

Consequently,  if  the  peroxide  be  in  excess  over  the  hyposidphite,  the 
whole  of  the  hyposulphite  is  gradually  changed  by  the  nascent 
iodine  into  tetrathionate ;  while  the  amount  of  hydriodic  acid  re- 
mains constant,  and  after  the  conversion  of  the  hyposulphite  is  com- 
plete, free  iodine  again  makes  its  appearance  in  the  solution  by  the 
gradual  action  of  the  excess  of  hydric  peroxide  upon  the  hydriodic 
acid.  The  moment  at  which  this  liberation  of  iodine  occurs  can 
be  most  accurately  observed  by  the  previous  addition  of  a  little 
starch  to  the  mixture. 

In  performing  the  experiment,  measured  quantities  of  the 
standard  solutions  of  sulphuric  acid,  potassic  iodide,  and  a  filtered 
solution  of  starch  were  diluted  with  pure  distilled  water  previously 
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boiled  to  free  it  from  air,  and  allowed  to  cool  in  a  vessel  filled  with 
carbonic  anhydride,  the  glass  cylinder  in  which  the  mixture  was 
made  being  always,  filled  up  with  the  liquid  to  a  given  mark  upon 
its  side.  A  de&iite  small  measure  of  a  solution  of  sodic  hypo- 
sulphite was  then  added,  and  the  reaction  was  commenced  by  the 
addition  of  lo  cub.  centim.  of  a  standard  solution  of  sodic 
peroxide  acidulated  with  sulphuric  acid.  The  mass  was  kept 
continually  agitated  by  the  transmission  of  a  stream  of  bubbles 
of  carbonic  anhydride,  and  the  temperature  was  maintained 
uniform  during  the  period  of  experiment.  As  soon  as  the  blue 
colour  manifested  itself  a  note  of  the  time  was  made,  and  a 
second  measure  of  hyposulphite  was  added,  by  which  the  colour  was 
instantly  bleached,  and  the  interval  of  time  noted  before  the  blue 
colour  reappeared.  A  third  measure  of  hyposulphite  was  then 
added,  and  so  on  in  succession.  The  time  that  elapses  between 
two  successive  appearances  of  the  blue  colour  becomes  continually 
greater  in  proportion  as  -the  amount  of  peroxide  in  the  solution 
diminishes ;  finally,  the  last  measure  of  hyposulphite  requires  for 
conversion  into  tetrathionate  more  oxygen  than  the  peroxide  can 
furnish,  and  the  blue  colour  never  returns. 

By  these  experiments  it  was  found  that  the  amount  of  action 
varies  directly  with  the  variation  in  the  amount  of  the  active 
substance,  the  rate  of  action  becoming  slower  as  the  quantity  of 
peroxide  diminishes.  Hareourt  and  Esson  state  their  general 
conclusion  as  follows : — "  The  amount  of  change  varies  directly 
(i)  with  the  amount  of  iodide ;  and  (2)  with  the  amount  of  per* 
.  oxide  in  a  unit  volume  of  the  solution ;  (3)  with  the  time  during 
which  the  change  proceeds ;  (4)  with  the  total  volume  of  the 
solution ;  and  finally,  with  some  function  of  each  of  the  other 
conditions  under  which  the  change  occurs.^' 

(1004)  Adhesion, — The  influence  of  adhesion  in  aiding  che- 
mical action  is  often  exerted  by  overcoming  the  opposite  force  of 
elasticity:  this  is  exemplified  by  the  manner  in  which  water 
frequently  favours  the  action  of  dry  gases  upon  each  other.  For 
example,  sulphurous  anhydride  and  sulphuretted  hydrogen  may 
be  mixed  when  dry  without  acting  upon  each  other,  but  if  water 
be  present,  the  mutual  decomposition  of  the  two  gases  is  the 
result.  In  like  manner,  when  dry  gaseous  sulphurous  anhydride 
and  dry  peroxide  of  nitrogen  are  mixed  together,  no  combination 
takes  place  between  them ;  the  addition  of  a  few  drops  of  water, 
however,  causes  them  immediately  to  condense  and  to  form 
the  white  crystalline  compound  which  has  been  spoken  of  when 
treating  of  the  manufacture  of  sulphuric  acid   (412,  and  note 

II.  3   H 
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p.  f  7  8) .  If  the  elasticity  of  these  gases  be  overcome  by  other  meaxi 
— if,  for  instance,  they  be  liquefied  by  exposing  them  to  a  low  tem 
perature — combination  occurs  without  the  interyention  of  moistmn 
Water,  by  overcoming  the  self-repulsion  of  the  gases^  fietvoai 
their  chemical  action  upon  solid  bodies.  Hydrochloric  acid,  am 
ammonia,  in  their  gaseous  form,  generally  exert  comparativel 
little  influence  upon  the  metals  or  upon  their  salts,  although  whei 
in  solution  their  action  upon  them  is  rapid  and  powerful. 

Surface  Actions. — ^The  adhesion  of  gases  to  solids  produce 
many  curious  phenomena : — ^for  example,  let  a  piece  of  charcoa 
be  thoroughly  saturated  with  hydrogen  by  attaching  it  to  ihi 
negative  wire  of  the  voltaic  battery,  and  employing  it  as  th( 
platinode  in  the  decomposition  of  acidulated  water ;  this  charcoal 
if  now  detached  from  the  battery  and  thrown  into  a  solution  a 
cupric  sulphate,  or  of  argentic  nitrate,  will  effect  the  decom- 
position of  these  salts,  and  copper  or  silver  will  be  thrown 
down  upon  the  charcoal  in  the  reduced  state :  the  charcoal  and 
condensed  hydrogen  appearing  to  act  the  part  of  a  voltaic  circuit, 
in  which  the  hydrogen  supplies  the  place,  of  the  electro-positiTe 
or  oxidizable  metal,  and  the  charcoal  that  of  the  electro-negative 
metal  or  conducting  plate.  If  a  plate  of  platinum^  rendered 
chemically  clean,*  be  introduced  into  a  mixture  of  pure  oxygen 
and  hydrogen,  in  the  proportions  to  form  water,  the  gases  become 
condensed  upon  the  surface  of  the  plate,  and  being  brought 
within  the  sphere  of  each  other^s  attraction,  begin  to  unite  -  at 
first  slowly,  but  during  the  act  of  combination  heat  is  extricated, 
and  the  action  proceeds  more  quickly,  until  at  last  the  plate 
becomes  red  hot,  and  an  explosion  of  the  gas  ensues  (Faraday, 
Phil.  Trans.,  1834,  55).  By  employing  the  metal  in  a  dis- 
integrated  or  spongy  form,  the  surface  exposed  is  greater  and 
ihe  action  much  more  rapid :  the  metal  conducts  away  but  little 
of  the  heat  which  is  generated,  and  soon  becomes  red  hot ;  whilst 
in  the  condition  of  platinum  black  (968)  this  activity  attains  its 
maximum.  On  throwing  a  little  of  this  black  powder  into  a 
mixture  of  oxygen  and  hydrogen  it  inunediately  becomes  incan* 
descent,  and  the  gases  combine  with  a  loud  report.      Platinum 

*  This  may  be  effected  by  holding  the  plate  over  the  flame  of  a  spirii-Iafflp 
and  rubbing  it,  when  hot,  with  a  stick  of  caustic  potash ;  the  potash  is  to  bt 
maintained  id  a  fused  state  upon  its  surface  for  a  second  or  two ;  the  alkali  is 
then  to  be  washed  off  completely  in  distilled  water,  and  the  plate  is  to  be  im* 
mersed  for  a  minute  in  hot  oil  of  vitriol ;  after  which  it  is  to  be  fieed  fivo 
adhering  acid  by  immersion  for  a  quarter  of  an  hour  in  a  large  bulk  of  distilM 
water. 
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may  be  obtained  in  a  convenient  state  of  fine  subdivision  for 
experiments  of  this  nature^  by  moistening  asbestos  with  a  solution 
of  platinic  chloride  and  exposing  it  to  a  red  heat ;  the  chlorine 
is  expelled^  and  a  film  of  minutely  divided  platinum  is  left  upon 
the  surface  of  each  fibre  of  asbestos. 

From  its  inalterability  by  ordinary  chemical  agents^  platinum 
in  this  finely  divided  form  has  been  used  to  efi^ect  various  com- 
binations which  cannot  otherwise  readily  be  procured  between 
vaporized  and   gaseous  bodies: — For  instance^  if  ammonia  be 
mixed  with  atmospheric  air^  and  transmitted  over  spongy  pla- 
tinum gently  heated^  its  nitrogen  becomes  converted  into  nitric 
acid,  and  its  hydrogen  into  water;  HjN+aOgSSiHNOg+HgO: 
but  this  transformation  cannot  be  effected  by  heat,  imless  some 
^substance    analogous  to  spongy  platinum  be  used,  since  nitric 
acid  is    decomposed  at   a    temperature  which,   under  ordinary 
circumstances,  is  required  to  effect  the  combustion  of  ammonia. 
On  the  other  hand,  ammonia  may  be  formed  from  the  oxides  of 
nitrogen,  by  mixing  them  with  hydrogen  and  transmitting  the 
gases  over  platinum  sponge  gently  heated ;  2NO+5H5j=2H3N  + 
aHgO.     Ammonic    nitrate,  when   heated  with  platinum  black, 
yields  nitric  acid,  nitrogen,  and  water,  instead  of  nitrous  oxide ; 
for  instance,  5H^NN03=2HN03+4N2+9H30.     A   variety  of 
other    interesting    changes    may   be    effected.       According   to 
Dobereiner  (who  first  pointed  out  the  remarkable  power  which 
finely  divided  platinum  possesses  of  effecting  combinations  of  this 
kind),  a  mixture  of  cyanogen  and  hydrogen  when  in  contact 
with  spongy  platinimi  is  partially  converted  by  the  aid  of   a 
gentle  heat  into  ammonic  cyanide.     In  a  mixture  of  nitric  oxide 
and   olefiant  gas,  ammonic  carbonate   is   produced;   and  in   a 
mixture  of  the   vapour  of  alcohol  and  nitric  oxide, — ammonic 
cyanide  and    carbonate,   olefiant   gas,  water,  and  a    deposit  of 
carbon  are  formed.     In  like  manner,  sulphurous  anhydride  may 
be  converted  rapidly  into  sulphuric  acid,  if  it  be  driven,  in  a 
moist  state,  mingled  with  air,  through  tubes  containing  spongy 
platinum :  this  method  was  even  proposed  as  a  manufacturing 
process  for  obtaining  oil  of  vitriol,  but  it  was  abandoned  in  con- 
sequence of  a  gradual  alteration  in  the  platinum,  by  which  it  is 
deprived  of  this  power  of  effecting  combination.    Platinum  black 
produces  with  the  vapours  of  alcohol  in  contact  with  atmospheric 
air,  a  series  of  compoimds  which  are  finally  converted  into  acetic 
acid  and  water : — 

Alcohol.  Aeetio  aoid. 

CaHjO  +  OjsCjH^Oj+HjO. 

3  B  2 
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For  the  success  of  these  experiments^  it  is  necessary  that  the 
surface  of  the  platinum  be  chemically  clean^  otherwise  the  com- 
bination of  the  gases  does  not  take  place.  Faraday  considered 
that  these  actions  are  owing  to  the  adhesion  of  the  gases  to  the 
surface  of  the  metal,  by  which  the  particles  of  one  gas  arc 
brought  into  chemical  contact  with  those  of  the  other.  He  ob- 
served that  the  admixture  of  small  quantities  of  carbonic  oxide, 
or  of  the  vapour  of  carbonic  disulphide,  or  of  olefiant  gas,*  pre- 
vents the  platinum  from  effecting  the  combination  of  the  oxygen 
and  hydrogen,  but  does  not  deprive  the  metal  of  its  activity,  as 
he  ascertained  by  afterwards  plunging  it  into  a  mixture  of  pare 
oxygen  and  hydrogen.  On  the  other  hand,  the  addition  of  sul- 
phuretted or  of  phosphuretted  hydrogen  to  an  explosiTe  mixture 
of  oxygen  and  hydrogen,  not  only  prevents  the  combination 
from  being  produced  by  the  platinimi,  but  it  effects  such  an 
alteration  of  the  surface  of  this  metal  that  when  it  is  plunged 
into  a  fresh  portion  of  mixed  oxygen  and  hydrogen,  no  com- 
bination of  the  gases  occurs.  Hydrochloric  acid  also  rapidly 
destroys  the  peculiar  properties  of  finely  divided  platinum;  ac- 
cording to  Dobereiner,  the  preventive  action  of  this  gas  depends 
upon  the  decomposition  of  the  hydrochloric  acid  by  the  oxygen 
condensed  upon  the  platinum :  water  is  formed,  wUilst  chlorine 
is  liberated,  and  this  chlorine,  by  converting  the  platinum  super- 
ficially into  chloride,  destroys  its  power;  its  activity,  however, 
can  be  restored  by  treating  it  with  boiling  oil  of  vitriol.  Hydro- 
chloric acid  is  in  this  case  expelled,  and  a  small  quantity  of 
platinous  oxide  is  dissolved;  the  metal  is  then  to  be  well  washed 
in  distilled  water. 

(1005)  Other  finely  divided  substances  besides  platinum  pos- 
sess this  property  of  favouring  the  combination  of  oxygen  and 
hydrogen  in  an  inferior  degree ;  even  pounded  glass,  porcehun, 
charcoal,  pumice,  and  rock  crystal,  if  warmed  to  608®  (320®  C),  pro- 
duce this  effect.  Finely  divided  palladium,  rhodium,  and  iridium 
also  determine  the  combination  of  oxygen  and  hydrogen  with  ex- 
plosion at  ordinary  temperatures.  Gold  and  silver  effect  the 
combination  of  hydrogen  with  oxygen  quietly,  at  temperatnra 
far  below  the  boiling-point  of  mercury  (Dulong  and  Thenard). 
Metals  which  have  a  strong  chemical  attraction  for  oxygen  cannot 


*  Graham  finds  that  in  the  case  of  carhonic  oxide  a  gradual  oxidation  of  the 
carhonic  oxide  takes  place,  hut  that  this  action  is  much  slower  than  the  oxiditun 
of  the  hydrogen :  the  oxidizing  inflaence  is  wholly  concentrated  on  the  carbonic 
oxide,  and  until  this  gas  is  entirely  oxidated  the  hydrogen  remains  unaltered  in 
the  mixture. 
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be  used^  because  they  immediately  become  oxidized  upon  tbeir 
surface. 

(1006)  Catalysis, — ^The  remarkable  actions  produced  by  the 
agency  of  finely  divided  platinum  have  in  the  foregoing  para- 
graphs been  attributed  to  the  force  of  adhesion,  which  is  sup- 
posed to  bring  the  different  gaseous  bodies  within  the  sphere  of 
mutual  action ;  but  they  were  viewed  by  Berzelius  as  arising  from 
a  new  force,  which  he  termed  catalysis^  in  virtue  of  which,  he 
says,  ^'  Certain  bodies  exert,  by  their  contact  with  others,  such  an 
influence  upon  these  bodies,  that  chemical  action  is  excited ;  com- 
pounds are  destroyed,  or  new  ones  are  formed,  although  the  sub- 
stance by  which  these  actions  are  induced  does  not  take  the 
slightest  part  in  these  changes/'  This  catalytic  force,  however, 
is  probably  purely  imaginary;  most  of  the  phenomena  which 
have  hitherto  been  referred  to  its  agency  being  occasioned  by 
several  different  causes,  which  often  admit  of  being  distinguished 
from  each  other,  and  which  may,  as  in  the  case  of  the  action  of 
platinum,  be  explained  by  the  active  operation  of  other  known 
forces. 

One  class  of  these  phenomena  is  that  included  under  the  term 
fermentation.  Fermentations  are  peculiar  to  the  products  of 
organic  chemistry;  such  for  instance,  as  the  change  of  solution 
of  sugar  into  alcohol  and  carbonic  anhydride,  under  the  influence 
of  yeast:  the  change  of  starch  into  sugar  in  the  operation  of 
mashing  wort,  or  in  the  germination  of  seeds,  owing  to  the  pre- 
sence of  a  peculiar  albuminous  substance  termed  diastase:  and 
the  gradual  conversion  of  amygdalin,  the  bitter  principle  in  the 
bitter  almond,  into  hydrocyanic  acid,  oil  of  bitter  almonds,  sugar^ 
and  formic  acid,  when  it  is  dissolved  in  water,  and  mixed  with 
synaptase,  or  the  albuminous  substance  contained  in  the  pulp  of 
the  seed.  In  all  these  cases,  however,  although  the  constituents 
of  the  yeast,  the  diastase,  or  the  synaptase,  do  not  enter  into  the 
formation  of  the  new  products,  yet  these  bodies  disappear  during 
the  change,  and  during  the  whole  time  are  undergoing  a  series  of 
specific  alterations,  which  stand  in  intimate  but  as  yet  imex- 
plained  relation  to  the  metamorphosis  of  the  sugar,  the  starchy 
or  the  amygdalin.  One  of  the  most  remarkable  features  of  these 
decompositions  is  the  small  proportion  of  the  ferment,  or  catalytic 
body  as  Berzelius  termed  it,  which  is  required  to  produce  the 
change :  for  instance,  i  part  of  yeast,  calculated  in  its  dry  state^ 
is  sufficient  to  convert  60  parts  of  sugar  into  alcohol  and  carbonic 
anhydride ;  and  a  still  smaller  quantity  is  required  in  the  case  of 
diastase,  i  part  of  which  is  able,  according  to  Payen,  to  effect  the 
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transformation  of  more  than  looo  times  its  weight  of  starch  into 
sugar.  The  consideration  of  these  remarkable  metamorphoees 
must  however  be  deferred  until  the  organic  bodies  themselves 
have  been  described. 

Liebig's  theory  of  catalysis  is,  "  that  a  body  in  the  act  of 
combination  or  decomposition  enables  another  body  with  which  it 
is  in  contact  to  enter  into  the  same  state.  It  is  evident,^^  says 
he,  ''  that  the  active  state  of  the  atoms  of  one  body  has  an  in- 
fluence upon  the  atoms  of  a  body  in  contact  with  it,  and  if  these 
atoms  be  capable  of  the  same  change  as  the  former,  they  likewise 
undergo  that  change,  and  combinations  and  decompositions  are 
the  consequence.  *  *  *  This  influence  exerted  by  one  compound 
upon  the  other,  is  exactly  similar  to  that  which  a  body  in  the 
act  of  combustion  exercises  upon  a  combustible  body  in  its 
vicinity ;  with  this  difference  only,  that  the  causes  which  deter- 
mine the  participation  and  duration  of  these  conditions  are 
different.^' 

These  explanations  have  been  found  insufBcient  to  account 
for  the  phenomena  of  fermentation,  as  the  bodies  which  are 
imdergoing  fermentation  do  not  '^ enter  into  the  same  state'* 
as  the  particles  of  the  ferment ;  though  they  apply  admirably  to 
many  of  the  iUustrations  cited  by  Liebig  in  support  of  his  theory. 
Amongst  these  illustrations  is  an  experiment  by  De  Saussure, 
who  observed  that  moist  woody  fibre,  if  placed  in  contact  with 
oxygen,  gradually  converts  the  oxygen  into  carbonic  anhydride. 
On  adding  a  certain  quantity  of  hydrogen  to  a  measured  bulk  of 
oxygen,  which  was  undergoing  this  change,  he  observed  a  dimi- 
nution in  the  volume  of  the  two  gases  immediately  after  making 
the  mixture ;  a  portion  of  oxygen  had  thus  been  caused  to  enter 
into  combination  with  the  hydrogen,  and  a  true  gradual  combus- 
tion of  the  hydrogen  had  been  effected,  analogous  to  that  pro- 
duced by  platinum,  owing  to  its  contact  with  vegetable  matter 
which  was  itself  undergoing  slow  oxidation. 

Again,  it  has  been  observed  in  the  case  of  certain  alloys,  that 
the  compound  is  entirely  soluble  in  an  acid  which  may  be  omable 
to  attack  one  of  the  components  of  the  alloy  when  in  a  separate 
form.  Platinum,  for  instance,  is  not  soluble  in  nitric  acid,  bnt 
if  it  be  alloyed  with  lo  or  12  parts  of  silver,  the  acid  dissolves  it 
readily.  In  like  manner,  copper  is  insoluble  in  diluted  sulphuric 
acid ;  but  an  alloy  of  zinc,  nickel,  and  copper  is  readily  dissolved 
by  this  liquid. 

(1007)  Effects  of  Motion  on  Chemical  Attraction. — ^In  many 
cases  motion  favours  the  manifestation  of  cohesion  in  a  remarkable 
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the  quantity  of  chloride  or  bromide  with  which  it  is  mixed. 
From  these  and  from  a  yariety  of  other  experiments,  it  appears 
that  when  two  or  more  compounds  in  solution  are  made  to  act 
upon  each  other,  provided  that  the  products  which  they  form  by 
their  mutual  action  are  also  soluble,  the  following  conclusions  may 
be  drawn : — i.  That  mutual  interchange  between  the  bodies  which 
are  mixed  takes  place  in  determinate  proportions,    z.  That  these 
proportions  are  independent  of  the  manner  in  which  the  com- 
pounds were  originally  combined :  thus,  if  potassic  sulphate  and 
ferric  nitrate  be  mixed  in  equivalent  quantities,  the  result  is  the 
same  as  if  potassic  niteite  and  ferric  sulphate  had  been  employed 
in  equivalent  quantities.     3.  That  these  proportions  are  depen- 
dent partly  upon  the  strength  of  the  mutual  attractions  of  the 
components  for  each  other,  and  partly  also  upon  the  mass,  or  re- 
lative proportion  of  each  compound  which  is    present  in  the 
mixture.     4.  That  the  alteration  of  the  mass  of  any  one  of  these 
compounds  alters  the  amount  of  all  the  other  compounds  which 
co-exist  in  the  mixture,  in  a  regularly  progressive  ratio ;   and 
these  quantities  admit  of  being  represented  by  regular  curves. 
In  most  cases  this  adjustment  of  the  relative  quantities  of  the 
different  bodies  takes  place  immediately  that  the  mixture  is  made. 
(1003)  Experiments  of  Bunsen  and  of  Debus. — ^The  results  are 
different  if  the  products  of  the  chemical  combination  be  at  once 
removed  from  the  sphere  of  action, — as  by  the  formation  of  gase- 
ous compounds,  or  of  an  insoluble  precipitate  when  two  liquids 
are  mixed.     Bunsen  has  investigated  the  results  obtained  in  some 
cases  of  gaseous  combination.    He  foimd  that  when  a  mixture  of 
hydrogen  and  carbonic  oxide  was  detonated  with  oxygen  in  quan- 
tity insuflBcient  for  its  complete  combustion,  the  oxygen  divided 
itself  between  the  two  gases  in  such  a  manner  that  the  quantities 
of  water  and  of  carbonic  anhydride  produced  were  in  very  simple 
atomic  relations  to  each  other  (Ltebig^s  Annal  Ixxxv.  137).     He 
exploded  together  mixtures  of  oxygen,  hydrogen,  and  carbonic 
oxide,  in  varying  proportions,  the  hydrogen  and  carbonic  oxide 
being  each  in  considerable  excess  over  the  oxygen :  under  such 
circumstances  water  and  carbonic  anhydride  were  formed;   but 
the  quantity  of  carbonic  anhydride  was  greater,  in  proportion  as 
the  carbonic  oxide  preponderated,  accoVding  to  a  certain  law. 
Similar  results  were  obtained  by  detonating  cyanogen  with  a 
quantity  of  oxygen  insufiScient  for  its  complete  combustion ;  in 
such  case  nitrogen  and  a  mixture  of  carbonic  anhydride  and  car- 
bonic oxide  in  simple  proportions  were  obtained :  and  when  a 
mixture  of  carbonic  anhydride  and  hydrogen  was  detonated  with 


830  INFLUENCE  OF   MASS   ON    COMBINATION^ 

a  quantity  of  oxygen  insuflBcient  for  the  consumption  of  tlie  hydro- 
gen, a  certain  proportion  of  the  carbonic  anhydride  was  reduced 
to  carbonic  oxide,  according  to  the  terms  of  the  same  law. 

The  following  is  the  law  deduced  by  Bunsen  from  his  expe- 
riments:— I.  When  two  gaseous  bodies,  a,  b,  are  mixed  with  a 
third  body,  c,  and  fired  by  means  of  the  electric  spark,  the  body 
c  takes  from  a  and  b  quantities  which  always  stand  to  one 
another  in  a  simple  atomic  relation :  so  that  for  i  atom  of  a  c, 
1,2,  3  or  4  atoms  of  b  c  are  produced ;  for  2  atoms  of  a  c,  3,  or 
5,  or  7  atoms  of  b  c  are  formed.  If  i  atom  of  the  compound 
a  c,  and  one  of  b  c  be  formed  in  this  manner,  the  mass  of  a  may 
be  increased  in  the  presence  of  b,  up  to  a  certain  point,  withoat 
any  change  in  that  atomic  proportion ;  but  if  a  certain  limit  be 
passed,  the  relation  of  atoms,  instead  of  being  as  i :  i^  suddenly 
becomes  as  i  :  2,  or  as  2  :  3 ;  and  so  on. 

2.  When  a  body,  a,  acting  upon  an  excess  of  any  compound, 
B  c,  reduces  it,  so  that  a  c  is  formed,  and  b  is  set  at  liberty ; 
then — if  b  in  its  turn  can  reduce  the  newly-formed  compound, 
A  c — the  final  result  is,  that  the  reduced  part  of  a  c  is  in  simple 
atomic  proportion  to  the  unreduced  part.  In  the  case  of  these 
reductions  also,  the  mass  of  one  of  the  ingredients  of  the  mixture 
may  be  increased  up  to  a  certain  point  without  altering  the  re- 
lative proportions  of  the  compounds  obtained;  but  if  increased 
beyond  this  limit,  a  sudden  alteration  in  the  relative  proportioQ3 
of  the  products  occurs;  but  these  proportions  still  admit  of  being 
represented  by  simple  ratios.  This  second  portion  of  the  law 
needs  confirmation  by  more  extended  experiments. 

The  following  experiments  illustrate  the  first  part  of  the 
foregoing  law: — On  exploding  mixtures  of  carbonic  oxide  and 
hydrogen  with  oxygen,  in  the  following  proportions,  Bunsen 
found  that  the  quantities  of  carbonic  oxide  and  hydrogen  which 
were  oxidized  were  in  the  proportions  stated  below  : — 

Ot«.»«       Mixtore  detonated.   p-_|.   __4J.      Ratio  of  gMeaborned. 
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These  experiments  show  that,  as  the  proportion  of  carbonic 
oxide  to  the  hydrogen  in  the  mixture  decreased,  the  proportion 
oxidized  on  detonation  decreased  also,  but  it  decreased  per  saliumf 
not  gradually,  and  these  proportions  were  found  to  be  uniformly 
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the  same  on  repeating  the  detonation  with  the  same  mixture^ 
although  the  degree  of  compression  to  which  the  mixture  was 
subjected  during  the  detonation  was  considerably  varied  in  dif- 
ferent experiments. 

The  following  are  Bunsen's  principal  experiments  in  support 
of  the  second  part  of  the  foregoing  law : — When  carbonic  anhy- 
dride is  driven  over  ignited  charcoal^  it  is  wholly  converted  into 
carbonic  oxide ;  but  when  steam  is  transmitted  over  ignited  char- 
coal^ a  mixture  of  hydrogen^  carbonic  oxide^  and  carbonic  anhy- 
dride is  produced,  in  the  proportion  of  4  volumes  of  hydrogen,  2 
of  carbonic  oxide,  and  i  volume  of  carbonic  anhydride.  Again, 
when  a  mixture  of  cyanogen  with  atmospheric  air  and  oxygen  was 
detonated  in  the  eudiometer  in  the  proportion  of  6*2  of  cyanogen 
to  10  of  oxygen,*  the  cyanogen  yielded  3  volumes  of  nitrogen, 
a  of  carbonic  oxide,  and  4  of  carbonic  anhydride  :  and  when  a 
mixture  of  4*07  of  carbonic  anhydride,  33*25  of  hydrogen,  and 
10  of  oxygen  was  detonated,  a  portion  of  the  carbonic  anhydride 
yielded  oxygen  to  the  hydrogen,  and  was  reduced  to  the  state 
of  carbonic  oxide ;  3  volumes  of  carbonic  oxide  being  formed, 
whilst  exactly  2  volumes  of  carbonic  anhydride  remained  unacted 
upon,  although  a  large  excess  of  hydrogen  was  present. 

Debus  arrived  at  substantially  the  same  results  with  preci- 
pitates as  those  indicated  by  Bunsen  for  gaseous  mixtures : — 
he  precipitated  a  mixture  of  lime  and  baryta  water,  by  small 
proportions  of  a  solution  of  carbonic  acid ;  and  experiments  upon 
a  large  excess  of  a  dilute  solution  of  the  mixed  calcic  and  baric 
chlorides  to  which  a  dilute  solution  of  sodic  carbonate  was  added, 
led  to  a  similar  result. 

In  the  experiments  of  Bunsen,  it  must  be  recollected  that  the 
first  products  of  the  chemical  combination  are  immediately  re- 
moved from  the  sphere  of  action :  carbonic  anhydride,  and  car- 
bonic oxide,  and  water  will  not  mutually  react  upon  each  other ; 
and  in  the  experiments  of  Debus,  the  carbonates  of  the  metals  of 
the  earths  are  insoluble — ^they  are  therefore  at  once  withdrawn 
from  further  action  upon  the  mixture. 

(10030)  Messrs.  Harcourt  and  Esson  have  attacked  this  prob- 
lem in  a  different  way.      {Phil.  Trans,  1865,  193;  1866,  117) : — 

Every  chemical  reaction  is  governed  by  certain  general  laws 
relating  to  the  quantity  of  the   substances  which  enter  into  it, 

*  Cyanogen  requires  for  the  complete  combustion  of  its  carbon  twice  its 
volume  of  oxygen,  so  that  6*2  of  cyanogen  would  have  required  12*4  instead  of 
10  of  oxygen;  there  is  therefore  more  oxygen  than  would  suffice  for  the  con- 
version of  the  carbon  into  carbonic  oxide. 
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their  temperature,  their  physical  state,  and  the  time  dozing  whidi 
they  are  in  contact :  yet  the  number  of  cases  admitting  at  eisd 
inyestigation  is  very  limited.  It  must  be  possible  to  begin  snd 
end  the  reaction  abruptly  at  a  given  moment  so  as  to  limit  the 
time  exactly ;  and  it  must  be  possible  to  determine  aocuratdy 
and  easily  one  at  least  of  the  products  of  the  reaction^  so  thst 
the  amount  of  the  chemical  change  can  be  measured. 

These  conditions  they  attempted  to  fulfil  by  investigating  the 
reaction  of  oxalic  upon  permanganic  acid  : — When  a  solution  of 
potassic  permanganate  is  added  to  a  solution  of  oxalic  mixed  with 
diluted  sulphuric  add,  the  red  colour  gradually  disappears,  owing 
to  the  reduction  of  the  permanganic  acid;  K^n^Og  +  3HjS0^+ 
5H2C20^ = KjSO^ + 2MnS0^  +  loCO, + 8H,0.  The  products  aie 
all  soluble^  the  reaction  occurs  at  moderate  temperatures,  and 
the  time  may  be  conveniently  observed,  and  accelerated  or  re- 
tarded within  wide  limits.  The  action  of  oxalic  acid  upon  the 
permanganate  was  found,  however,  not  to  be  sufficiently  simple; 
and  after  a  laborious  series  of  experiments  they  ascertained  thst 
another  reaction,  viz.,  that  of  hydric  peroxide  upon  hydriodic  add, 
was  better  adapted  to  the  purpose. 

When  solutions  of  potassic  iodide  and  sodic  peroxide  are 
mixed  in  the  presence  of  sidphuric  acid  a  ffradual  separation  of 
iodine  takes  place.  Sodic  and  potassic  sulphates  are  formed,  and 
the  liberated  hydric  peroxide  and  hydriodic  acid  undergo  a  change 
which  may  be  thus  represented :  HjO^  +  2HI = iRfi  -\- 1,.  If  sodic 
hyposulphite  be  added  to  the  solution  it  instantly  reconverts  the 
iodine  into  hydriodic  acid,  but  though  the  hyposulphite  passes  into  a 
tctrathionate  it  appears  in  no  way  to  affect  the  course  of  the  reaction: 

Hjposolphiironi  acid.  Tetnthionio  Mid. 
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aHaSjHgO^  +  I2  =  ^%^Pt  +    ^HI  +   2H,0. 

Consequently,  if  the  peroxide  be  in  excess  over  the  hyposulphite,  the 
whole  of  the  hyposulphite  is  gradually  changed  by  the  nascent 
iodine  into  tetrathionate ;  while  the  amount  of  hydriodic  acid  re> 
mains  constant,  and  after  the  conversion  of  the  hyposulphite  is  com- 
plete,  free  iodine  again  makes  its  appearance  in  the  solution  by  the 
gradual  action  of  the  excess  of  hydric  peroxide  upon  the  hydriodic 
acid.  The  moment  at  which  this  liberation  of  iodine  occurs  can 
be  most  accurately  observed  by  the  previous  addition  of  a  little 
starch  to  the  mixture. 

In  performing  the  experiment,  measured  quantities  of  the 
standard  solutions  of  sulphuric  acid,  potassic  iodide,  and  a  filtered 
solution  of  starch  were  diluted  with  pure  distilled  water  previously 
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boiled  to  free  it  from  air^  and  allowed  to  cool  in  a  vessel  filled  with 
carbonic  anhydride^  the  glass  cylinder  in  which  the  mixture  was 
made  being  always,  filled  up  with  the  liquid  to  a  given  mark  upon 
its  side.  A  definite  small  measure  of  a  solution  of  sodic  hypo- 
sulphite was  then  added^  and  the  reaction  was  commenced  by  the 
addition  of  lo  cub.  centim.  of  a  standard  solution  of  sodic 
peroxide  acidulated  with  sulphuric  acid.  The  mass  was  kept 
continually  agitated  by  the  transmission  of  a  stream  of  bubbles 
of  carbonic  anhydride,  and  the  temperature  was  maintained 
uniform  during  the  period  of  experiment.  As  soon  as  the  blue 
colour  manifested  itself  a  note  of  the  time  was  made^  and  a 
second  measure  of  hyposulphite  was  added,  by  which  the  colour  was 
instantly  bleached,  and  the  interval  of  time  noted  before  the  blue 
colour  reappeared.  A  third  measure  of  hyposulphite  was  then 
added,  and  so  on  in  succession.  The  time  that  elapses  between 
two  successive  appearances  of  the  blue  colour  becomes  continually 
greater  in  proportion  as  -the  amount  of  peroxide  in  the  solution 
diminishes ;  finally,  the  last  measure  of  hyposulphite  requires  for 
conversion  into  tetrathionate  more  oxygen  than  the  peroxide  can 
furnish,  and  the  blue  colour  never  returns. 

By  these  experiments  it  was  found  that  the  amount  of  action 
varies  directly  with  the  variation  in  the  amount  of  the  active 
substance,  the  rate  of  action  becoming  slower  as  the  quantity  of 
peroxide  diminishes.  Harcourt  and  Esson  state  their  general 
conclusion  as  follows : — "  The  amount  of  change  varies  directly 
(i)  with  the  amount  of  iodide;  and  (2)  with  the  amount  of  per- 
.  oxide  in  a  unit  volume  of  the  solution ;  (3)  with  the  time  during 
which  the  change  proceeds ;  (4)  with  the  total  volume  of  the 
solution;  and  finally,  with  some  function  of  each  of  the  other 
conditions  under  which  the  change  occurs.'^ 

(1004)  Adhesion, — The  influence  of  adhesion  in  aiding  che- 
mical action  is  often  exerted  by  overcoming  the  opposite  force  of 
elasticity:  this  is  exemplified  by  the  manner  in  which  water 
frequently  favours  the  action  of  dry  gases  upon  each  other.  For 
example,  sulphurous  anhydride  and  sulphuretted  hydrogen  may 
be  mixed  when  dry  without  acting  upon  each  other,  but  if  water 
be  present,  the  mutual  decomposition  of  the  two  gases  is  the 
result.  In  like  manner,  when  dry  gaseous  sulphurous  anhydride 
and  dry  peroxide  of  nitrogen  are  mixed  together,  no  combination 
takes  place  between  them ;  the  addition  of  a  few  drops  of  water, 
however,  causes  them  immediately  to  condense  and  to  form 
the  white  crystalline  compound  which  has  been  spoken  of  when 
treating  of  the  manufacture  of  sulphuric  acid   (412,   and  note 

II.  3   H 
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p.  r  78) .  If  the  elasticity  of  these  gases  be  OTeroome  by  other  meaiu 
— ^if^  for  instance^  they  be  liquefied  by  exposing  them  to  a  low  tem- 
perature— combination  occurs  without  the  intervention  of  moistore. 
Water^  by  overcoming  the  self-repulsion  of  the  gases^  feiToiirs 
their  chemical  action  upon  solid  bodies.  Hydrochloric  acid,  snd 
ammonia,  in  their  gaseous  form,  generally  exert  comparatiTely 
little  influence  upon  the  metals  or  upon  their  salts,  although  when 
in  solution  their  action  upon  them  is  rapid  and  powerful. 

Surface  Actions, — ^The  adhesion  of  gases  to  solids  produces 
many  curious  phenomena : — ^for  example,  let  a  piece  of  charcoal 
be  thoroughly  saturated  with  hydrogen  by  attaching  it  to  the 
negative  wire  of  the  voltaic  battery,  and  employing  it  as  the 
platinode  in  the  decomposition  of  acidulated  water ;  this  charoosl, 
if  now  detached  from  the  battery  and  thrown  into  a  solution  of 
cupric  sulphate,  or  of  argentic  nitrate,  will  eiSect  the  decom- 
position of  these  salts,  and  copper  or  silver  will  be  tiirown 
down  upon  the  charcoal  in  the  reduced  state  :  the  charcoal  and 
condensed  hydrogen  appearing  to  act  the  part  of  a  voltaic  drcmt, 
in  which  the  hydrogen  supplies  the  place,  of  the  electro-positife 
or  oxidizable  metal,  and  the  charcoal  that  of  the  electro-n^atiTe 
metal  or  conducting  plate.  K  a  plate  of  platinum,  rendered 
chemically  clean,*  be  introduced  into  a  nuxture  of  pure  oxygen 
and  hydrogen,  in  the  proportions  to  form  water,  the  gases  become 
condensed  upon  the  surface  of  the  plate,  and  being  brought 
within  the  sphere  of  each  other's  attraction,  begin  to  unite;  at 
first  slowly,  but  during  the  act  of  combination  heat  is  extricated, 
and  the  action  proceeds  more  quickly,  until  at  last  the  plate, 
becomes  red  hot,  and  an  explosion  of  the  gas  ensues  (Faraday, 
Phil.  Trans.,  1834,  55).  By  employing  the  metal  in  a  d^ 
integrated  or  spongy  form,  the  surface  exposed  is  greater,  and 
the  action  much  more  rapid :  the  metal  conducts  away  but  Uttle 
of  the  heat  which  is  generated,  and  soon  becomes  red  hot ;  whilst 
in  the  condition  of  platinum  black  (968)  this  activity  attains  iti 
maximum.  On  throwing  a  little  of  this  black  powder  into  t 
mixture  of  oxygen  and  hydrogen  it  immediately  becomes  incan- 
descent, and  the  gases  combine  with  a  loud  report.      Platinum 


*  This  may  be  effected  by  holding  the  plate  over  the  flame  of  a  spizii-lamp 
and  rubbing  it,  when  hot,  with  a  stick  of  caustic  potash ;  the  potaah  is  to  b« 
maintained  iii  a  fused  state  upon  its  surface  for  a  second  or  two ;  the  *J^^i  is 
then  to  be  washed  off  completely  in  distilled  water,  and  the  plate  is  to  be  im* 
mersed  for  a  minute  in  hot  oil  of  vitriol ;  after  which  it  is  to  be  fireed  600 
adhering  acid  by  immersion  for  a  quarter  of  aa  hour  in  a  large  balk  of  distilled 
water. 
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may  be  obtained  in  a  convenient  state  of  fine  subdivision  for 
experiments  of  this  nature^  by  moistening  asbestos  with  a  solution 
of  platinic  chloride  and  exposing  it  to  a  red  heat ;  the  chlorine 
is  expelled^  and  a  film  of  minutely  divided  platinum  is  left  upon 
the  surface  of  each  fibre  of  asbestos. 

From  its  inalterability  by  ordinary  chemical  agents^  platinum 
in  this  finely  divided  form  has  been  used  to  effect  various  com- 
binations which  cannot  otherwise  readily  be  procured  between 
vaporized  and  gaseous  bodies: — For  instance^  if  ammonia  be 
mixed  with  atmospheric  air,  and  transmitted  over  spongy  pla- 
tinum gently  heated,  its  nitrogen  becomes  converted  into  nitric 
acid,  and  its  hydrogen  into  water;  H3N4-aO£=HN03  +  H20 : 
l)ut  this  transformation  cannot  be  effected  by  heat,  unless  some 
substance  analogous  to  spongy  platinum  be  used,  since  nitric 
acid  is  decomposed  at  a  temperature  which,  under  ordinary 
circumstances,  is  required  to  effect  the  combustion  of  ammonia. 
On  the  other  hand,  ammonia  may  be  formed  from  the  oxides  of 
nitrogen,  by  mixing  them  with  hydrogen  and  transmitting  the 
gases  over  platinum  sponge  gently  heated ;  2NO+5H2=2H5N-|- 
2HaO.  Ammonic  nitrate,  when  heated  with  platinum  black, 
yields  nitric  acid,  nitrogen,  and  water,  instead  of  nitrous  oxide ; 
for  instance,  5H^NN03=2HN03-h4N3+9H30.  A  variety  of 
other  interesting  changes  may  be  effected.  According  to 
Dobereiner  (who  first  pointed  out  the  remarkable  power  which 
finely  divided  platinimi  possesses  of  effecting  combinations  of  this 
kind),  a  mixture  of  cyanogen  and  hydrogen  when  in  contact 
with  spongy  platinum  is  partially  converted  by  the  aid  of  a 
gentle  heat  into  ammonic  cyanide.  In  a  mixture  of  nitric  oxide 
and  olefiant  gas,  ammonic  carbonate  is  produced ;  and  in  a 
mixture  of  the  vapour  of  alcohol  and  nitric  oxide, — ammonic 
cyanide  and  carbonate,  olefiant  gas,  water,  and  a  deposit  of 
carbon  are  formed.  In  like  manner,  sulphurous  anhydride  may 
be  converted  rapidly  into  sulphuric  acid,  if  it  be  driven,  in  a 
moist  state,  mingled  with  air,  through  tubes  containing  spongy 
platinum :  this  method  was  even  proposed  as  a  manufacturing 
process  for  obtaining  oil  of  vitriol,  but  it  was  abandoned  in  con- 
sequence of  a  gradual  alteration  in  the  platinum,  by  which  it  is 
deprived  of  this  power  of  effecting  combination.  Platinum  black 
produces  with  the  vapours  of  alcohol  in  contact  with  atmospheric 
air,  a  series  of  compounds  which  are  finally  converted  into  acetic 
acid  and  water : — 

Alcohol.  Aeetio  add, 

8  H  2 
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For  the  success  of  these  experiments,  it  is  necessary  that  the 
surface  of  the  platinum  be  chemically  clean,  otherwise  the  com- 
bination of  the  gases  does  not  take  place.  Faraday  considered 
that  these  actions  are  owing  to  the  adhesion  of  the  gases  to  the 
surface  of  the  metal,  by  which  the  particles  of  one  gas  aze 
brought  into  chemical  contact  with  those  of  the  other.  He  ob- 
served that  the  admixture  of  small  quantities  of  carbonic  oxide, 
or  of  the  vapour  of  carbonic  disulphide,  or  of  defiant  gas,*  pre- 
vents the  platinum  from  effecting  the  combination  of  the  oxygen 
and  hydrogen,  but  does  not  deprive  the  metal  of  its  activity,  as 
he  ascertained  by  afterwards  plunging  it  into  a  naixture  of  pu« 
oxygen  and  hydrogen.  On  the  other  hand,  the  addition  of  sul- 
phuretted or  of  phosphuretted  hydrogen  to  an  explosive  mixture 
of  oxygen  and  hydrogen,  not  only  prevents  the  combination 
from  being  produced  by  the  platinum,  but  it  effects  such  an 
alteration  of  the  surface  of  this  metal  that  when  it  is  plunged 
into  a  fresh  portion  of  mixed  oxygen  and  hydrogen,  no  com- 
bination of  the  gases  occurs.  Hydrochloric  acid  also  rapidly 
destroys  the  peculiar  properties  of  finely  divided  platinum;  ac- 
cording to  Dobereiner,  the  preventive  action  of  this  gas  depends 
upon  the  decomposition  of  the  hydrochloric  acid  by  the  oxygen 
condensed  upon  the  platinum:  water  is  formed,  wUilst  chlorine 
is  liberated,  and  this  chlorine,  by  converting  the  platinum  super- 
ficially into  chloride,  destroys  its  power;  its  activity,  however, 
can  be  restored  by  treating  it  with  boiling  oil  of  vitriol.  Hydro- 
chloric acid  is  in  this  case  expelled,  and  a  small  quantity  of 
platinous  oxide  is  dissolved ;  the  metal  is  then  to  be  well  washed 
in  distilled  water. 

(1005)  Other  finely  divided  substances  besides  platinum  pos- 
sess this  property  of  favouring  the  combination  of  oxygen  and 
hydrogen  in  an  inferior  degree;  even  pounded  glass,  porcelain, 
charcoal,  pumice,  and  rock  crystal,  if  warmed  to  608°  (320°  C),  pro- 
duce this  effect.  Finely  divided  palladium,  rhodium,  and  iridium 
also  determine  the  combination  of  oxygen  and  hydrogen  with  ex- 
plosion at  ordinary  temperatures.  Gold  and  silver  effect  the 
combination  of  hydrogen  with  oxygen  quietly,  at  temperatures 
far  below  the  boiling-point  of  mercury  (Dulong  and  Th&ard). 
Metals  which  have  a  strong  chemical  attraction  for  oxygen  cannot 


*  (jraham  finds  that  in  the  case  of  carbonic  oxide  a  gradual  oxidation  of  the 
carbonic  oxide  takes  place,  but  that  this  action  is  much  slower  than  the  oxidation 
of  the  hydrogen :  the  oxidizing  influence  is  wholly  concentrated  on  the  carbonic 
oxide,  and  until  this  gas  is  entirely  oxidated  the  hydrogen  remains  unaltered  in 
the  mixture. 
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be  used^  because  they  immediately  become  oxidized  upon  tbeir 
surface. 

(1006)  Catalysis. — ^The  remarkable  actions  produced  by  the 
agency  of  finely  divided  platinum  have  in  the  foregoing  para- 
graphs been  attributed  to  the  force  of  adhesion,  which  is  sup- 
posed to  bring  the  different  gaseous  bodies  within  the  sphere  of 
mutual  action ;  but  they  were  viewed  by  Berzelius  as  arising  from 
a  new  force,  which  he  termed  catalysis,  in  virtue  of  which,  he 
says,  ^'  Certain  bodies  exert,  by  their  contact  with  others,  such  an 
influence  upon  these  bodies,  that  chemical  action  is  excited ;  com- 
pounds are  destroyed,  or  new  ones  are  formed,  although  the  sub- 
stance by  which  these  actions  are  induced  does  not  take  the 
slightest  part  in  these  changes/'  This  catalytic  force,  however, 
is  probably  purely  imaginary;  most  of  the  phenomena  which 
have  hitherto  been  referred  to  its  agency  being  occasioned  by 
several  different  causes,  which  often  admit  of  being  distinguished 
from  each  other,  and  which  may,  as  in  the  case  of  the  action  of 
platinum,  be  explained  by  the  active  operation  of  other  known 
forces. 

One  class  of  these  phenomena  is  that  included  under  the  term 
fermentation.  Fermentations  are  peculiar  to  the  products  of 
organic  chemistry;  such  for  instance,  as  the  change  of  solution 
of  sugar  into  alcohol  and  carbonic  anhydride,  under  the  influence 
of  yeast:  the  change  of  starch  into  sugar  in  the  operation  of 
mashing  wort,  or  in  the  germination  of  seeds,  owing  to  the  pre- 
sence of  a  peculiar  albuminous  substance  termed  diastase:  and 
the  gradual  conversion  of  amygdalin,  the  bitter  principle  in  the 
bitter  almond,  into  hydrocyanic  acid,  oil  of  bitter  almonds,  sugar, 
and  formic  acid,  when  it  is  dissolved  in  water,  and  mixed  with 
synaptase,  or  the  albuminous  substance  contained  in  the  pulp  of 
the  seed.  In  all  these  cases,  however,  although  the  constituents 
of  the  yeast,  the  diastase,  or  the  synaptase,  do  not  enter  into  the 
formation  of  the  new  products,  yet  these  bodies  disappear  during 
the  change,  and  during  the  whole  time  are  undergoing  a  series  of 
specific  alterations,  which  stand  in  intimate  but  as  yet  unex- 
plained relation  to  the  metamorphosis  of  the  sugar,  the  starch, 
or  the  amygdalin.  One  of  the  most  remarkable  features  of  these 
decompositions  is  the  small  proportion  of  the  ferment,  or  catalytic 
body  as  Berzelius  termed  it,  which  is  required  to  produce  the 
change :  for  instance,  i  part  of  yeast,  calculated  in  its  dry  state, 
is  sufficient  to  convert  60  parts  of  sugar  into  alcohol  and  carbonic 
anhydride ;  and  a  still  smaller  quantity  is  required  in  the  case  of 
diastase,  i  part  of  which  is  able,  according  to  Fayen,  to  effect  the 
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transformation  of  more  than  looo  times  its  weight  of  starch  into 
sugar.  The  consideration  of  these  remarkable  metamorphoses 
must  however  be  deferred  until  the  organic  bodies  themselres 
have  been  described. 

Liebig's  theory  of  catalysis  is,  ''  that  a  body  in  the  act  of 
combination  or  decomposition  enables  another  body  with  which  it 
is  in  contact  to  enter  into  the  same  state.  It  is  evident/'  sets 
he,  '^that  the  active  state  of  the  atoms  of  one  body  has  an  ia- 
fluence  upon  the  atoms  of  a  body  in  contact  with  it,  and  if  these 
atoms  be  capable  of  the  same  change  as  the  former,  they  likewise 
undergo  that  change,  and  combinations  and  decompositions  are 
the  consequence.  *  *  *  This  influence  exerted  by  one  compound 
upon  the  other,  is  exactly  similar  to  that  which  a  body  in  the 
act  of  combustion  exercises  upon  a  combustible  body  in  its 
vicinity;  with  this  diflFerence  only,  that  the  causes  which  dete^ 
mine  the  participation  and  duration  of  these  conditions  are 
diflFerent.'^ 

These  explanations  have  been  found  insufficient  to  acooont 
for  the  phenomena  of  fermentation,  as  the  bodies  which  are 
imdergoing  fermentation  do  not  '^ enter  into  the  same  state" 
as  the  particles  of  the  ferment ;  though  they  apply  admirably  to 
many  of  the  illustrations  cited  by  Liebig  in  support  of  his  theory. 
Amongst  these  illustrations  is  an  experiment  by  De  Saussore, 
who  observed  that  moist  woody  fibre,  if  placed  in  contact  with 
oxygen,  gradually  converts  the  oxygen  into  carbonic  anhydride. 
On  adding  a  certain  quantity  of  hydrogen  to  a  measured  bulk  of 
oxygen,  which  was  undergoing  this  change,  he  observed  a  dimi- 
nution in  the  volume  of  the  two  gases  immediately  after  making 
the  mixture ;  a  portion  of  oxygen  had  thus  been  caused  to  enter 
into  combination  with  the  hydrogen,  and  a  true  gradual  combos- 
tion  of  the  hydrogen  had  been  effected,  analogous  to  that  pro- 
duced by  platinum,  owing  to  its  contact  with  vegetable  matter 
which  was  itself  undergoing  slow  oxidation. 

Again,  it  has  been  observed  in  the  case  of  certain  alloys,  that 
the  compound  is  entirely  soluble  in  an  acid  which  may  be  unable 
to  attack  one  of  the  components  of  the  alloy  when  in  a  separate 
form.  Platinum,  for  instance,  is  not  soluble  in  nitric  acid,  bat 
if  it  be  alloyed  with  lo  or  12  parts  of  silver,  the  acid  dissolves  it 
readily.  In  like  manner,  copper  is  insoluble  in  diluted  sulphuric 
acid ;  but  an  alloy  of  zinc,  nickel,  and  copper  is  readily  dissolTed 
by  this  liquid. 

(1007)  Effects  of  Motion  on  Chemical  Attraction. — ^In  many 
cases  motion  favours  the  manifestation  of  cohesion  in  a  remarkable 
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manner :  for  example^  water  may  be  cooled  below  its  freezing- 
pointy  and  may  retain  its  liquid  form  if  it  be  kept  perfectly 
motionless^  but  on  the  slightest  agitation  it  assumes  the  form  of 
ice.  Again^  if  a  solution  of  argentic  nitrate  be  simply  mixed 
with  hydrochloric  acid,  it  will  long  remain  milky;  but  if  the 
nitrate  be  in  excess,  and  the  mixture  be  briskly  shaken  for  about 
a  minute,  the  whole  of  the  argentic  chloride  will  collect  into 
dense  flocculi,  which  subside  rapidly  and  leave  the  liquid  dear* 
In  a  somewhat  similar  manner  motion  favours  the  development 
of  chemical  action : — when,  for  example,  a  mixture  of  tartaric 
acid  and  potassic  nitrate  is  made,  no  sign  of  precipitation  will 
appear  for  many  minutes,  if  the  mixture  after  simple  agitation  be 
left  at  rest:  but  if  it  be  stirred  briskly  with  a  glass  rod,  an 
abundant  deposition  of  crystals  will  speedily  be  produced.  A 
similar  effect  is  often  observed  with  other  crystalline  precipi- 
tates: for  instance,  the  potassio-platinic,  or  ammonio-platinic 
chloride,  frequently  does  not  appear  in  dilute  solutions  until  the 
mixture  has  been  briskly  stirred.  If  the  glass  rod  which  is  used 
in  stirring  the  mixture  be  drawn  against  the  side  of  the  vessel 
containing  the  liquid,  the  track  of  the  rod  will  be  rendered 
evident  by  the  formation  of  crystals,  which  are  symmetrically 
deposited  on  each  side  of  this  line.  This  effect  is  particu- 
larly manifested  when  a  solution  of  hydro-disodic  phosphate  is 
added  to  dilute  neutral  magnesic  solutions  containing  ammoniacal 
salts;  the  crystalline  ammonio-magnesic  phosphate  takes  many 
hours  for  its  complete  deposition,  unless  the  liquid  be  briskly 
stirred. 

Sometimes  when  the  chemical  attractions  which  hold  a  com* 
poimd  together  are  feeble,  or  where  the  components  have  a  strong 
tendency  to  assume  the  gaseous  form,  a  blow  will  be  sufficient  to 
disturb  the  equilibrium,  and  an  explosion  will  follow.  In  this 
way  the  compound  known  as  chloride  of  nitrogen,  which  is  united 
by  feeble  ties,  and  is  composed  of  bodies  which  naturally  exist  in 
the  gaseous  state,  is  sometimes  decomposed  by  the  mere  fall  of  a 
drop  of  the  liquid  to  the  bottom  of  a  jar  of  the  solution  in  which 
it  is  being  formed.  The  ordinary  percussion-cap  is  another  in- 
stance of  the  same  kind,  where  the  nitrogen  in  the  fulminate 
suddenly  resumes  its  gaseous  state  on  the  application  of  a  blow. 
In  the  latter  case,  and  in  that  of  the  common  lucifer  match,  it 
might  be  supposed  that  the  heat  evolved  by  the  sudden  compres- 
sion attending  the  blow  or  the  friction,  is  the  cause  of  these  de- 
tonations ;  but  this  explanation  certainly  cannot  apply  to  the  so- 
called  iodide  of  nitrogen,  which,  if  dry,  explodes  when  touched 
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even  with  a  feather.     Fnlminating  silver  is  also  decomposed  witli 
explosion  by  causes  equally  slight. 

(1008)  Concurring  Attractions. — Another  class  of  these  so- 
called  catalytic  phenomena  is  exemplified  in  the  effect  of  the  td- 
mixture  of  cupric  oxidCj  or  manganic  dioxide,  in  aiding  the  de- 
composition of  potassic  chlorate.  This  chlorate  fiises  at  ahoat 
653^  (345°  C.),  and  when  heated  to  about  698®  (370''  C.)  it  is  de- 
composed with  effervescence  and  a  rapid  evolution  of  oxygen: 
when  mixed  with  about  a  fourth  of  its  weight  of  cupiic  oxide,  or 
of  manganic  dioxide,  the  salt  begins  to  be  decomposed  at  a  tem- 
perature of  between  230^  and  260®  C.  (much  below  its  fdsing- 
point) ;  the  gas  which  is  given  off  in  this  case,  however,  is  always 
accompanied  by  a  small  quantity  of  chlorine.  Other  oxides  pro- 
duce a  similar  effect,  but  the  temperature  required  varies  with  esch 
oxide ;  thus,  I  find  when  the  chlorate  is  mixed  with  ferric  oxide 
it  requires  a  temperature  of  about  500^  (260°  C.) ;  with  plumbic 
oxide  a  somewhat  higher  temperature  is  needed ;  whilst  magnesia 
and  zincic  oxide  do  not  aid  the  decomposition  of  the  salt  at  alL 

This  remarkable  decomposition  appears  to  admit  of  an  expla- 
nation, suggested  by  Mercer,  in  elucidation  of  other  somewhat 
analogous  actions.  He  supposes,  although  the  catalytic  body  is 
not  found  to  have  experienced  any  perceptible  alteration  after  the 
decomposition  is  complete,  that  it  acts  by  exerting  a  feeble 
chemical  attraction  upon  one  of  the  constituents  of  the  compound. 
In  the  case  of  manganic  dioxide  and  potassic  chlorate,  the  manganic 
dioxide  is  a  substance  which  has  an  attraction  for  an  additional 
quantity  of  oxygen,  as  is  evinced  by  the  possibility  of  forming 
manganic  and  permanganic  acids  from  it  by  further  oxidation. 
This  tendency,  although  it  does  not  rise  high  enough  in  the  ex- 
periment before  us  to  produce  either  acid,  may  yet  exert  suffi- 
cient attraction  upon  the  oxygen  to  facilitate  its  escape.  Indeed  it 
is  not  impossible  that  traces  of  potassic  manganate  may  be  actually 
formed,  and  then  decomposed ;  in  which  case  the  formation  of 
the  small  quantity  of  potash,  and  the  liberation  of  the  chlorine, 
which  always  accompanies  the  oxygen,  would  be  accounted  for. 
A  somewhat  similar  explanation  may  be  applied  in  the  case  of  the 
cupric  oxide  ;  an  unstable  sesquioxide  of  copper  appears  to  exist; 
cupric  oxide  therefore  has  a  feeble  attraction  for  oxygen,  and 
though  that  attraction  is  not  adequate  to  retain  the  oxygen  when 
separated  from  the  potassic  chlorate,  it  may  yet  aid  in  effecting 
its  hberation :  ferric  oxide  is  also  susceptible  in  the  ferric  add 
of  a  higher  but  unstable  stage  of  oxidation,  and  the  same  holds 
good  of  plumbic  oxide ;  hence  these  compounds  facilitate  the  decom- 
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position  of  the  chlorate.  There  is  no  proof  of  the  existence  of  a 
higher  oxide  either  of  magnesium^  or  of  zinc,  and  accordingly  we 
find  that  scarcely  any  eflFect  is  produced  on  heating  these  oxides 
with  the  chlorate.  I  have  found  also  that  powdered  glass  and 
pure  silica  are  equally  inert,  probably  from  the  same  cause. 

Mercer  observed  that  starch,  which  is  ordinarily  converted  by 
nitric  acid  into  oxalic  acid,  is  entirely  transformed  into  carbonic 
anhydride  if  a  salt  of  manganese  be  present ;  2CO2  being  formed, 
instead  of  HgCgO^.  Oxalic  acid,  also,  may  be  in  this  manner 
converted  rapidly  into  carbonic  anhydride.  If  30  grms.  of  oxalic 
acid  be  dissolved  in  300  cub.  centim.  of  water,  at  180°  (82^*2  C), 
and  30  c.  c.  of  colourless  nitric  acid,  sp.  gr.  1*30  be  added,  no 
decomposition  of  the  oxalic  acid  occurs :  but  it  immediately  com- 
mences on  adding  a  small  quantity  of  a  solution  of  manganous 
nitrate,  or  any  other  manganous  salt.  The  manganous  oxide, 
from  its  tendency  to  pass  into*  the  state  of  dioxide,  tends  to  de- 
prive the  free  nitric  acid  of  oxygen,  and  aids  the  oxalic  acid  to 
decompose  this  acid ;  and  the  oxalic  acid  having  a  stronger  attrac- 
tion for  oxygen  than  manganous  oxide  has,  immediately  appro- 
priates the  oxygen ;  the  united  attractions  of  both  being  able  to 
accomplish  a  decomposition  which  could  not  have  been  effected 
by  either  separately.  An  analogous  instance  of  the  effect  pro- 
duced by  concurring  attractions  of  a  more  energetic  kind  is  seen 
in  the  power  possessed  by  chlorine  to  decompose  silica  or  alumina 
when  these  oxides  are  mixed  with  charcoal  and  ignited  (475,  664), 
though  neither  chlorine  nor  charcoal  is  able  separately  to  produce 
this  effect  upon  them. 

A  similar  result  is  obtained  when  a  quantity  of  hydrated 
cupric  oxide,  or  of  manganic  dioxide,  is  thrown  into  a  mixture  of 
bleaching  powder  and  water ;  on  warming  the  mixture,  oxygen  is 
evolved  abundantly,  and  calcic  chloride  is  formed ;  the  cupric  or 
manganic  oxide,  by  its  attraction  for  oxygen,  aids  the  elastic  force 
developed  by  heat  in  detaching  the  oxygen  from  the  chloride  of 
lime,  and  the  oxygen,  by  its  elasticity,  escapes  in  the  gaseous 
form  without  combining  with  the  metallic  oxide. 

Gaseous  ammonia  may  be  passed  through  heated  porcelain 
tubes  at  a  very  high  temperature,  and  it  will  experience  only  a 
partial  decomposition ;  but  if  the  tube  be  filled  with  finely  divided 
metallic  copper  or  iron,  the  decomposition  takes  place  with  facility 
at  a  lower  temperature.  It  appears  that  in  this  case  the  metals 
act  by  their  attraction  for  nitrogen,  which  is  feeble,  and  that  a 
nitride  of  copper  or  of  iron  is  formed  and  subsequently  decom- 
posed.    If  iron  wire  be  employed  instead  of  finely  divided  iron. 
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it  is  fonnd  to  have  become  superficially  altered  and  brittle  (760). 
Platinum  fieiyours  the  decomposition  of  ammonia  bat  slightly,  and 
glass  scarcely  in  any  appreciable  d^ree. 

Alcohol  when  exposed  to  the  air,  evaporates  irithout  under- 
going any  chemical  change,  but  if  a  quantity  of  caustic  potash  be 
dissolved  in  the  alcohol,  the  alkali  appears  to  enhance  its  attrac- 
tion for  oxygen ;  in  consequence  of  which  acetic  and  formic  adds 
are  produced,  and  form  salts  with  the  potash. 

The  decomposition  of  hydric  peroxide  (HgOg ;  485),  by  con- 
tact with  many  bodies  which  appear  to  undergo  no  chemical 
alteration  during  the  action,  may  probably  be  referred  to  the 
same  cause.      When,  for  example,  finely  divided  metallic  gold, 
silver,  or  platinum,  or  manganic  dioxide,  is  placed  in  the  liquid 
peroxide,  the  latter  is  decomposed,  the  oxygen  being  attracted  by 
the  metal,  which,  however,  has  not  sufficient  power  to  retain  it  in 
combination.     A  singular  circumstance,   however,  has  been  ob- 
served when  auric  or  argentic  oxide  is  substituted  for  the  metal 
itself ;  decomposition  of  the  peroxide  is  produced  by  the  metaUic 
oxide,  but  the  auric  or  argentic  oxide  at  the  same  time  parts 
with  its  oxygen,  and  is  reduced  to  the  metallic  state.      A  similar 
reaction  happens  if  an  acid  solution  of  potassic  dichromate  be  mixed 
with  the  hydric  peroxide,  the  chromic  acid  losing  half  its  oxygen 
simultaneously  with  the  hydric  peroxide. 

Brodie  {Phil.  Trans.  1850,  759,  and  1862,  837)  has  pub- 
lished the  results  of  a  series  of  experiments,  showing  that  in 
such  decompositions  there  is  a  numerical  relation  between  the 
quantity  of  the  peroxide  which  is  decomposed,  and  of  the  metallic 
oxide  which  is  reduced.  These  experiments  were  not  confined  to 
hydric  peroxide,  but  were  extended  to  baric  and  sodic  peroxides, 
which  are  much  more  manageable  than  hydric  i)eroxide.  It  was 
found  that  when  the  peroxide  is  mixed  with  water,  and  placed 
in  contact  with  argentic  oxide  or  chloride,  that  both  the  com- 
pound of  barium  and  that  of  silver  is  decomposed ;  baryta,  or 
baric  chloride,  being  formed,  whilst  metaUic  silver  and  oxygen 
gas  are  liberated.  When  a  dilute  solution  of  potassic  perman- 
ganate is  mixed  with  an  acid  solution  of  hydric  peroxide,  both 
compounds  are  decomposed,  the  permanganate  losing  an  atom  of 
oxygen  for  each  atom  of  oxygen  liberated  from  the  peroxide.  A 
similar  decomposition  occurs  if  baric  hypochlorite  be  substituted 
for  potassic  permanganate.  Brodie  connects  these  experiments 
with  a  hypothesis  since  generally  adopted,  by  which  he  accounts 
for  the  simultaneous  liberation  of  oxygen  from  the  hydric  or  baric 
peroxide,  and  from  the  argentic  oxide  or  other  oxide  which  under- 
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goes  decomposition,  and  which  he  applies  to  chemical  decom- 
positions generally :  he  supposes  that  the  particles  of  the  same 
element  may,  in  certain  circumstances,  have  an  attraction  for  each 
other : — ^that,  for  example,  one  atom  of  the  oxygen  of  the  baric 
peroxide  may  be  positive  in  its  relation  to  the  oxygen  of  the 
argentic  oxide,  which  he  supposes  may  be  negative.  In  such  a 
case  the  two  particles  of  oxygen  would  mutually  attract  each 
other,  and  decomposition  of  both  the  oxides  would  be  the  result. 

H300  +  OAg2=H30  +  00  +  Ag2. 

Other  substances,  besides  the  hydric  and  the  alkaline  per- 
oxides, exhibit  a  similar  susceptibility  to  decomposition  by  con- 
tact with  certain  bodies.  Hydric  persulphide,  for  example,  is 
immediately  decomposed  by  contact  with  oxides  of  manganese 
and  silver,  and,  like  hydric  peroxide,  it  is  rendered  more  stable . 
by  the  addition  of  acids,  while  its  decomposition  is  facilitated  by 
contact  with  alkalies  (429).  The  nitrosulphates  (425)  discovered 
by  Pelouze  afford  another  instance  of  decomposition  effected  by 
a  body  which  imdergoes  no  apparent  change ;  but  this  decomposi- 
tion is  particularly  instructive,  as  it  is  almost  certain  that  the 
body  which  excites  the  decomposition  does  suffer  a  real  chemical 
change.  For  example,  the  addition  of  a  solution  of  cupric  sul- 
phate to  a  solution  of  ammonic  nitrosulphate  causes  an  immediate 
effervescence,  owing  to  the  escape  of  nitrous  oxide.  This  decom- 
position appears  to  be  produced  thus : — on  the  addition  of  cupric 
sulphate,  the  nitrosulphate  partially  exchanges  basyb  with  it; 
now  so  long  as  the  nitrosulphuric  radicle  is  in  combination  with 
an  alkali-metal,  the  compound  has  a  certain  stability,  since  the 
alkali-metals  appear  by  their  basic  energy  to  preserve  the  ele- 
ments in  equilibrio ;  but  as  soon  as  a  salt  with  a  weaker  basyl  is 
added,  such  as  cupric  sulphate,  a  portion  of  cupric  nitrosulphate 
is  formed ;  but  the  copper  being  no  longer  able  to  maintain  this 
balance,  the  elements  of  tke  compounds  arrange  themselves  in  a 
new  order :  for  instance — 

Ammonio  nitrosolph.       Caprio  sulph.    Ammonio  mlph.      Cnprio  nitrotnlph. 

(H,N)2S03N202 + CuSO,  =  (H.NjjSO^ + CUSO3N3O3 ; 

and  the  cupric  nitrosulphate  immediately  breaks  up  into  nitrous 
oxide,  and  cupric  sulphate;  CuSOjNgOg  becoming  CuSO^  +  NjO. 
Consequently  cupric  sulphate  is  found  in  the  liquid  at  the  close 
of  the  reaction  apparently  unaltered. 
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§  II.  Influence  op  Heat  upon  Chemical  Attraction. 

(1009)  The  forces  which  have  as  yet  been  considered  do  not 
manifest  any  specific  effect  in  altering  the  amount  of  chemical 
attraction  between  any  two  bodies ;  but  it.  is  quite  otherwise  in 
the  case  of  heat^  which  exerts  a  direct  influence  upon  the  degree 
of  attraction.    Elevation  of  temperature  generally  acts  at  once  in 
augmenting  the  tendency  to  combination    between  the    bodies 
which  are  submitted  to  its  influence : — ^for  example,  siulphur  or 
charcoal  may  be  preserved  at  ordinary  temperatures,  in  air  or  in 
oxygen,  without  change  for  an  indefinite  period ;  but  if  sulphur  be 
heated  to  500°  (260°  C),  and  charcoal  to  a  point  a  little  below  a  red 
heat,  oxidation  commences,  and  proceeds  with  increasing  vigour, 
and  the  phenomena  of  combustion  occur.    But  although  a  rise  of 
temperature  exalts  the  action  of  chemical  attraction,  this  ten- 
dency to  combination  is,  at  the  same  time,  more  or  less  coun- 
teracted, and  is  sometimes  completely  overcome,  by  the  tendency 
to  mutual  repulsion  which  heat  imparts  to  the  molecules  of  all 
substances,  both   simple  and  compound.      It  not  un&equently 
happens  that  a  moderate  elevation  of  temperature  produces  com- 
bination, whilst  a  higher  temperature  destroys  the  compound  so 
formed.     A  good  instance  of  this  kind  occurs  in  the  action  of 
oxygen  upon  mercury ;  at  ordinary  temperatures  this  metal  shows 
no  disposition  to  combine  with  oxygen,  for  it  evaporates  in  air 
and  becomes  condensed  again  in  the  metallic  form ;  but  at  a  tempe- 
rature approaching  698°  (370°  C),  or  a  little  above  the  boiling-point 
of  the  metal,  it  combines   gradually  with  oxygen  and  becomes 
converted  into  the  red  oxide ;  whilst  at  a  heat  short  of  redness  it  is 
decomposed  into  gaseous  oxygen  and  vapour  of  mercury.   Again — 
baryta  at  a  red  heat  absorbs  a  second  atom  of  oxygen,  forming 
baric  peroxide,  but  the  second  atom  of  oxygen  is  expelled  by  a 
full  white  heat,  and  the  compound  is  reconverted  into  baryta.    A 
mixture  of  oxygen  and  hydrogen  may  be  preserved  unchanged  at 
ordinary  temperatures,  but  the  introduction  of  a  glass  rod  heated 
to  bare  redness  so  completely  alters  their  mutual  attraction,  that 
sudden  combination  attended  with  explosion  is  the  result.     This 
appears  to  be  as  pure  a  case  of  augmentation  of  chemical  attnus 
tion  as  can  be  met  with,  since  both  the  components  are  thoroughly 
mixed,  and  as  both  are  in  the  gaseous  state,  heat  cannot  in  this 
case  act  by  diminishing  cohesion,  and  so  bringing  their  particles 
into  more  intimate  contact.     Grove,  however,  has  shown  that  in 
the  case  of  this  same  compoimd  of  oxygen  and  hydrogen  a  sudden 
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inversion  of  chemical  attraction  takes  place^  for  at  an  intense  white 
heat  water  is  separable  into  its  constituent  gases :  by  the  voltaic 
ignition  of  a  platinum  wire  imder  water,  or  by  the  intense  heat 
of  a  ball  of  melted  platinum  raised  to  whiteness  by  an  alcohol 
flame  animated  by  a  current  of  oxygen,  and  then  plunged  under 
water,  the  two  gases  may  be  separated  from  each  other  and  col- 
lected in  the  gaseous  state  {Phil.  Drans.  1847). 

(loio)  Dissociation. — When  a  rapid  current  of  carbonic  anhy- 
dride, mixed  with  steam,  is  transmitted  through  a  porcelain  tube  of 
2  inches  or  2^  inches  (from  5  to  7  cm.)  in  diameter,  which  has 
been  filled  with  clean  and  previously  ignited  fragments  of  porce- 
lain, and  the  tube  is  heated  intensely  in  a  blast-furnace  or  forge, 
it  is  found  that  the  gas  which  is  left  after  absorbing  the  excess 
of  carbonic  anhydride  by  means  of  caustic  potash  consists  of  an 
explosive  mixture  of  oxygen,  hydrogen,  carbonic  oxide,  and  ni- 
trogen :  in  two  experiments  fix)m  25  to  30  cubic  centimetres  of  the 
mixed  gases  (frx)m  if  to  2  cubic  inches)  were  obtained,  con- 
sisting of — 

^^•^j' Q*"**       •••        •••        •■•        ••• 

Hydrogen 

Carbonic  oxide 
Nitrogen 

Water  has  here  been  decomposed  into  its  constituents,  part  of  the 
liberated  hydrogen  has  exerted  a  reducing  action  on  the  carbonic 
anhydride,  and  part  of  the  hydrogen  has  escaped  reoxidation  by 
its  copious  dilution  with  other  gases.  The  presence  of  nitrogen 
is  due  to  the  entrance  of  atmospheric  air,  for  however  carefully 
the  gases  are  prepared,  it  is  nearly  impossible  in  an  experiment  of 
this  kind,  which  lasts  for  a  couple  of  hours,  to  exclude  the  air 
perfectly. 

A  still  larger  proportion  of  the  explosive  mixture  is  obtained 
by  placing  a  tube  of  porous  earthenware  in  the  axis  of  a  shorter 
but  wider  tube  of  glazed  porcelain,  fitting  them  air-tight  with 
corks,  and  transmitting  a  current  of  any  gas  at  pleasure  through 
the  inner  tube,  and  through  the  interval  between  the  two  tubes. 
By  a  suitable  arrangement  of  glass  tubes  the  gases  may  be  col- 
lected from  either  tube  separately,  and  the  efiects  of  heating  the 
tabes  can  be  observed  upon  the  issuing  gases :  for  example,  if  the 
tobe  be  heated  to  from  1100°  to  1700°  C.  (or  from  about  2000° 
to  3600^  F.)  and  a  current  of  steam  be  transmitted  through  the 
ianer  tdbe^  whilst  carbonic  anhydride  is  passed  through  the  outer 
one^  an  explosive  mixture,  similar  to  that  already  described,  is 
1^  but  in  lai|^r  quantity.     The  hydrogen,  at  the  moment 
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that  it  is  liberated  by  the  effect  of  heat  from  its  combinatioQ 
with  oxygen^  at  once  becomes  diffused  through  the  poroos 
tube  into  the  outer  one^  and  there  reduces  the  carbonic  anhydride, 
whilst  the  less  diffusible  oxygen  passes  on. 

In  like  manner^  if  a  brisk  current  of  pure  carbonic  anhydride 
be  transmitted  through  a  porcelain  tube  filled  with  firagments  of 
porcelain,  and  the  temperature  be  raised  to  2372°  (1300®  C), — after 
absorbing  the  carbonic  anhydride,  a  mixture  of  two  volumes  of 
carbonic  oxide  and  one  of  oxygen,  with  a  little   nitrogen,  was 
obtained.    To  this  partial  decomposition  at  elevated  temperatoies 
Deville    gives  the  name    of  dissociation.      During    the   occur- 
rence of  this   phenomenon  an  absorption  of  latent   heat  takes 
place,  analogous  in  some  measure  with  that  which  occurs  in  the 
evaporation  of  liquids  at  temperatures  below  their  boiling  pdnt 
The  dissociation  of  compound  gases  has  been  carried  still  further. 
Carbonic  oxide  may  be  resolved  into  carbon  and  carbonic  anhy- 
dride by  the  following  arrangement : — ^A  porcelain  tube  is  placed 
across  a  furnace,  the  temperature  of  which  can  be  raised  very 
high.     In  the  axis  of  this  tube  is  supported  a  thin  brass  tube  of 
about  ^  inch   (8™™*)    in  diameter,  through  which   a  current  of 
water  is  kept  flowing.    Through  the  outer  tube  a  current  of  pure 
carbonic  oxide  is  maintained,  transmitting  from  4  to  6  litres,  or  from 
250  to  350  cubic  inches  of  the  gas  per  hour.    The  porcelain  tube 
is  gradually  raised  to  bright  redness,  and  on  causing  the  escaping 
gas  to  pass  through  baryta  water,  a  precipitate  of  baric  carbonate 
is   gradually   formed,  and  a  layer  of  black  carbon  is  deposited 
upon  the  under  surface  of  the  brass  tube,  where  the  current  of 
ascending  heated  gas  strikes  against  the  cooled  metal.     A  similar 
decomposition  may  be  effected  by  transmitting  a  current  of  elec- 
tric sparks  through  carbonic  oxide  over  mercury,  upo&  which  a 
few  drops  of  concentrated  potash  ley  have  been  placed  to  absorb 
the  carbonic  anhydride  as  it  is  formed. 

When  instead  of  carbonic  oxide,  pure  and  dry  sulphurous  anhy- 
dride is  transmitted  through  the  porcelain  tube,  the  gas  becomes 
solved  partially  into  sulphur  and  sulphuric  anhydride.  The 
metallic  tube  in  this  case  was  made  of  copper  thickly  plated  with 
a  voltaic  deposit  of  silver.  If  this  tube  be  amalgamated,  and 
current  of  pure  and  dry  hydrochloric  acid  be  transmitted  through 
the  ignited  porcelain  tube,  heated  to  at  least  2732°  (1500°  C), 
whilst  the  temperature  of  the  metallic  tube  is  reduced  below  50°, 
a  deposit  of  chloride  of  mercury  and  chloride  of  silver  is  formed  in 
a  few  hours,  and  a  small  quantity  of  hydrogen  may  be  collected. 
Traces  of  decomposition  of  hydrochloric  acid  may  be  effected  by 
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the  continuous  discharge  of  electric  sparks  for  3  or  4  days  through 
the  dry  gas ;  and  with  sulphurous  anhydride  the  decomposition  is 
easy.  Carbonic  anhydride  is  also  readily  decomposed  by  the 
electric  spark  if  a  little  piece  of  phosphorus  is  passed  up  into  the 
tube  to  absorb  the  liberated  oxygen. 

Sometimes  the  decomposition  effected  by  elevation  of  tem- 
perature  is  only  partial ;  a  new  and  more  stable  compound  ^being 
formed,  which  at  a  still  higher  temperature  is  in  its  turn  decom- 
posed :  for  example,  defiant  gas  at  a  fiiU  red  heat  loses  half  its 
carbon,  and  is  converted  into  light  carburetted  hydrogen ;  and 
this  gas,  if  subjected  to  a  white  heat,  deposits  the  remainder  of 
its  carbon,  while  pure  hydrogen  is  liberated.  Potassic  chlorate 
at  a  moderate  heat  is  decomposed  into  perchlorate,  and  probably 
into  chlorite:  the  latter  salt,  however,  is  immediately  resolved 
into  oxygen  and  potassic  chloride ;  but  at  a  higher  temperature 
the  perchlorate  in  its  turn  parts  with  its  oxygen,  and  the  more 
stable  potassic  chloride  is  the  final  result.  Numerous  other 
instances  of  this  kind  wiQ  be  presented  to  the  reader  when  the 
products  of  organic  chemistry  are  examined. 

A  further  illustration  of  this  point  is  afforded  by  the  different 
products  which  are  furnished  by  the  combustion  of  the  same  body 
at  different  temperatures.  When  a  jet  of  cyanogen  is  burned 
with  a  free  supply  of  air,  the  only  products  of  the  combustion  are 
carbonic  anhydride  and  nitrogen ;  but  if  a  coil  of  red-hot  platinum 
wire  be  suspended  in  a  mixture  of  equal  volumes  of  cyanogen  and 
oxygen,  the  nitrogen  undergoes  oxidation  as  well  as  the  carbon, 
nitric  oxide  being  formed,  as  is  evidenced  by  the  appearance  of 
ruddy  fumes,  owing  to  the  combination  of  the  nitric  oxide  with 
free  oxygen.  In  a  similar  manner,  ether,  when  burnt  freely  in 
air,  produces  carbonic  anhydride  and  water,  C^HiqO  +  60j  be- 
coming 4003  +  51120;  but  if  a  glowing  coil  of  platinum  wire 
be  suspended  in  a  mixture  of  the  vapour  of  ether  and  atmospheric 
air,  several  new  products  are  formed,  among  which  are  aldehyd 
and  acetic  acid : — 

Ether.  Aldebyd. 

C^HjoO + Oj = aCjHp  +  H ,0  j  and 

Ether.  Acetic  mdd, 

(loii)  Suspension  of  Chemical  Action  by  Depression  of  Tem^ 
perature. — As  chemical  attraction  is  increased,  on  the  one  hand, 
by  elevation  of  temperature,  so,  on  the  other  hand,  it  is  diminished 
by  reduction  of  temperature.     Schrotter  has  shown  {Chemie,  vol.  i. 
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p.  i2g)  that^  by  a  sufficient  degree  of  cold,  chemical  combinatioiL 
may  be  prevented  even  between  bodies  which  at  the  ordinary  tem- 
perature of  the  air  unite  with  each  other  with  great  enei^.  Chlo- 
rine, for  example,  combines  with  phosphorus,  or  with  finely-divided 
metallic  antimony  or  arsenicum,  with  such  violence  that  these 
bodies  take  fire  spontaneously  in  an  atmosphere  of  the  gas  ;  but  if 
the  chlorine  be  cooled  down  to  -  105°  (  — 76°'i  C),  by  means  of  a 
bath  of  solid  carbonic  anhydride  and  ether,  it  remains  liquid  at  the 
ordinary  pressure  of  the  air,  and  it  is  then  quite  indifierent  lo  the 
phosphorus,  the  arsenicum,  or  the  antimony,  provided  these  sub- 
stances be  cooled  to  the  same  temperature  before  they  are  added 
to  the  liquid  chlorine.  When  the  tube  in  which  the  mixture  is 
contained  is  withdrawn  from  the  cold  bath,  the  evaporation  of  the 
chlorine  occurs  with  sufficient  rapidity  to  preserve  the  tempera- 
ture below  the  point  of  combination  ;  but  if  the  free  escape  of  the 
chlorine  be  prevented,  the  temperature  rises,  and  combination 
occurs  with  explosive  violence.  The  mutual  action  of  chloro- 
chromic  acid  and  alcohol,  of  chlorine  and  ammonia,  of  iodine  or 
of  bromine  and  phosphorus,  and  various  other  actions  of  a  similar 
nature,  may  be  prevented  in  the  same  way. 

From  these  experiments,  and  from  those  detailed  in  the  fore- 
going paragraph,  it  appears  to  be  most  probable  that  when  two 
bodies  have  a  chemical  attraction  for  each  other,  there  is  a  cer- 
tain range  of  temperature  within  which  they  will  enter  into  com- 
bination, but  if  the  temperatiire  be  raised  or  depressed  beyond  a 
certain  limit,  their  mutual  attraction  is  suspended ;  and  at  high 
temperatures  the  compoimd  already  formed  may  be  destroyed. 
The  temperature  most  favourable  for  combination  varies  with  each 
pair  of  bodies,  and  it  seems  to  be  probable  that  there  is  for  each 
a  certain  temperature  at  which  the  maximum  of  attraction  exists, 
and  above  or  below  which  it  decreases. 

The  influence  of  light  in  modifying  chemical  action  is  ex- 
tremely important,  but  its  principal  "eflects  have  already  been 
considered  (Part  I.  pp.  214  et  seg.). 


CHAPTER  XXI. 

ON   THE   DETERMINATION    OF   THE  COMBININO   NITMBERS,  AND   THE 
ATOMIC    WEIGHTS   OF   THE    ELEMENTARY   BODIES. 

(1012)    Aid   derived  from  Analysis   in  FLting    the   Atomic 
Weight  of  a  Body. — The  determination  of  the  atomic  weight  of 
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an  element  involves  the  performance  of  analytical  operations  of 
great  delicacy^  and  it  often  presents  many  very  difficult  questions 
for  solution.  The  first  object  of  the  chemist  is  to  select  some 
compoimd  of  the  elementary  body  under  examination^  the  com- 
position of  which  is  tolerably  simple^  and  which  can  readily  be 
procured  in  a  state  of  purity ;  and  in  this  compound  he  deter- 
mines the  proportions  of  each  of  its  components  with  the  utmost 
attainable  precision.  It  is  of  great  importance  that  the  opera- 
tions by  which  these  results  are  obtained  should  be  as  few  in 
number  and  as  simple  and  manageable  as  possible.  It  is  notj 
however,  sufficient  that  three  or  four  difierent  experiments  con- 
ducted in  the  same  manner  should  give  uniform  results  :  the  mode 
of  analysis  adopted  should,  if  possible,  be  varied  so  as  to  avoid  any 
unperceived  source  of  error  which  depends  upon  the  process  em- 
ployed. It  is  also  desirable  to  vary  the  compound  upon  which  the 
analysis  is  made.  For  example,  the  atomic  weight  of  a  metal  may 
in  some  instances  be  ascertained  by  fixing  the  proportion  of  oxygen 
which  a  given  weight  of  the  metal  absorbs  during  its  conver- 
sion into  the  state  of  oxide :  in  other  cases  the  proportion  of 
oxygen  and  of  metal  can  be  determined  very  exactly  by  ascertain- 
ing the  loss  of  weight  which  the  oxide  experiences  when  a  known 
weight  of  the  pure  oxide  is  heated  in  a  current  of  hydrogen.  It 
is,  however,  advisable  to  check  these  results,  not  only  by  trials 
upon  different  quantities  of  the  metal  or  of  the  oxide  prepared  at 
different  times,  but  also  (in  order  to  guard  against  the  occurrence 
of  any  unperceived  impurity  in  the  substance  under  experiment) 
to  ascertain  if  the  analysis  of  the  chloride,  the  sulphide,  or  some 
other  compound  of  the  metal,  gives  a  similar  numerical  value  for 
its  combining  proportion.  These  results  must  be  reduced  by  cal- 
culatioB  to  their  weight  in  vacuo  (24).'^ 

(1013)  Aid  derived  from  Isomorphism,  Specific  Heat,  and  Com- 
bininff  Volume  of  Vapour. — The  determination  of  the  numbers  which 
are  assumed  to  represent  the  relative  atomicweightsof  the  elements, 
however,  does  not  rest  simply  upon  the  knowledge  of  the  proportion 
in  which  each  element  enters  into  combination  with  a  given  amoun 
of  oxygen  or  of  any  other  simple  body.  When  a  substance  forms 
but  a  single  combination  with  oxygen,  the  simplest  hypothesis 
respecting  its  composition  is  that  the  compound  so  formed  is  pro- 
duced by  the  imion  of  single  atoms  of  each  of  its  components. 


*  Some  idea  of  the  extraor^ary  care  required  in  researches  of  this  descrip- 
tion may  be  formed  by  the  perusal  of  the  admirable  memoirs  of  Stas,  in  the 
Transactions  of  the  Brussels  Academy  for  i860  and  1865. 

II.  3  I 
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Magnesium  and  zinc^  for  example^  each  forms  but  a  single  oxide^ 
which  is  assumed  to  be  a  protoxide,— or  oxide  each  compound 
atom  of  which  contains  i  atom  of  the  metal  to  i  atom  of  oxygen. 
The  nitrates  formed  firom  such  oxides,  if  represented  as  consisting 
of  the  anhydride  and  the  oxide,  M''0,NoOg,  will  contain  a  quan- 
tity of  the  anhydride  (NgO^),  in  which  the  proportion  of  oxygen 
is  five  times  that  of  the  base.  But  it  not  unfrequently  happens 
that  the  same  metal  forms  two  oxides,  in  one  of  which  a  given 
weight  of  oxygen  combines  with  twice  as  large  a  proportion  of 
the  metal  as  in  the  other ;  for  example,  i6  parts  of  oxygen  unite 
with  either  63*5  of  copper  to  form  the  black  oxide,  or  with  127 
of  the  metal  to  form  the  red  oxide ;  and  corresponding  salts  may 
be  obtained  by  the  reaction  of  each  oxide  with  acids.  In  like 
manner,  16  parts  of  oxygen  form  with  mercury  two  basic  oxides, 
one  containing  aoo,  the  other  400  parts  of  mercury.  The  ques- 
tion to  be  determined  then  is,  which  of  these  numbers  is  to  be 
regarded  as  representing  the  atomic  weight  of  the  metal  ?  In 
cases  of  this  kind,  the  judgment  requires  aid  firom  analogy,  or 
ficom  collateral  circumstances,  such  as  the  isomorphism  cf  the 
body  with  some  other  analogous  compound  of  known  composi- 
tion ;  the  circumstance  that  the  specific  heat  of  the  body,  when 
multiplied  into  its  supposed  atomic  weight,  yields  the  same  pro- 
duct as  that  obtained  by  multiplying  the  specific  heat  of  some 
other  element  into  its  admitted  atomic  number ;  or  the  forma- 
tion of  a  volume  of  vapour  firom  the  supposed  atomic  weight 
which  is  equal  in  bulk  to  the  volume  of  the  atom  of  hydrogen* 

Such  assistance  is  afibrded  in  the  case  of  copper  by  ^e  isomor- 
phism of  the  compounds  of  the  black  oxide  of  this  metal  with 
corresponding  compounds  of  zinc  and  magnesium.  If  the  oxide 
of  zinc  be  a  protoxide,  the  black  oxide  of  copper  is  also  a  prot- 
oxide, and  the  red  oxide  must  be  considered  as  a  suboxide. 

Another  character  of  high  importance  is  afforded  by  the  spe- 
cific heat  of  the  metal.  Assuming  the  oxide  of  zinc  to  be  a  prot- 
oxide, the  atomic  number  of  the  metal  is  65*0,  and  its  specific 
heat  is  found  to  be  0*0955 ;  the  product  of  these  two  nurnben  is 
6*207.  The  specific  heat  of  copper  is  0*0951,  and  »««"Tning  the 
black  oxide  to  be  the  protoxide,  the  atomic  weight  of  the  metsl 
is  63*5 ;  the  product  of  these  two  numbers  is  6*039,  ^^  nearly  the 
same  as  in  the  case  of  zinc ;  whereas,  if  the  red  oxide  were  assumed 
to  be  the  protoxide,it  would  be  double  this  number.  If  the  numben 
given  upon  pp.  24,  25,  Part  I.,  as  the  atomic  weights  of  the  ele- 
ments, be  multiplied  by  the  specific  heat  of  these  bodies  in  the 
solid  form  (Part  I.  p.  313),  the  products  so  obtained  will  vaiy  but 
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little  from  the  number  6.  Exceptions  occur  in  the  case  of  carbon, 
silicon,  and  boron,  where  aUotropic  modifications  interfere.  (See 
also  Kopp,  Phil.  TVana.  1865). 

In  the  determination  of  the  atomic  weights  of  volatile  bodies, 
assistance  maybe  derived  from  another  character  of  great  impor- 
tance,  viz.,  the  density  of  its  vapour.  But  the  force  of  this  argu- 
ment will  be  more  folly  perceived  after  the  various  compounds  of 
organic  chemistry,  of  which  so  lai^e  a  proportion  are  volatile, 
have  been  examined. 

It  is  not  safe,  moreover,  to  assume  in  cases  in  which  only  one 
compoimd  exists  between  an  element  and  oxygen,  that  such  com- 
pound is  necessarily  a  protoxide ;  aluminum  is  not  known  to  form 
more  than  a  single  oxide,  yet  chemists  do  not  hesitate  to  consider 
this  oxide  as  a  sesquioxide,  and  in  this  judgment  they  are  guided 
by  analogy :  for  example,  those  bodies  which  are  admitted  to  be 
protoxides  are  generally  powerful  bases,  and  neutraUze  the  acids 
very  completely.     Now  alumina  does  not  present  this  character ; 
its  salts  have  a  powerfully  acid  reaction  and  taste.   But  the  argu- 
ments of  most  weight  against  the  supposition  that  alumina  is  a 
protoxide  are  derived  from  the  composition  and  properties  of  the 
oxides  of  iron.     Iron  forms  two  basic  oxides :  one  contains  but 
two-thirds  of  the  proportion  of  oxygen  which  is  present  in  the 
other.     The  oxide  of  iron  with  the  smaller  proportion  of  oxygen 
is  a  powerful  base,  and  with  acids  forms  salts  which  are  isomor- 
phous  with  those  of  magnesia  and  zincic  oxide.     It  is  conse- 
quently regarded  as  a  protoxide,  and  the  other  oxide  is  looked 
upon  as  a  sesquioxide ;  the  basic  properties  of  the  latter  are  much 
more  feeble,  and  the  salts  which  it  forms  with  acids  have,  like  the 
salts  of  aluminum,  a  powerfully  acid  reaction.     Ferric  oxide, 
moreover,  furnishes  salts  which  are  isomorphous  with  those  of 
alumina.     An  iron  alum  may  be  obtained  in  octohedral  crystals, 
in  which  the  place  of  the  aluminic  sulphate  is  supplied  by  ferric 
sulphate:    and   native  ferric  oxide   is    fbimd  in  forms  of   the- 
rhombohedral  system  isomorphous  with  native  alumina  in  corun- 
dum.    Hence,  if  the  red  oxide  of  iron  be  a  sesquioxide,  alumina 
must  be  a   sesquioxide  also.      Moreover,  the  specific   heat  of 
aluminum  follows  Dulong^s  law  if  alumina  be  a  sesqidoxide,  but 
not  if  it  be  supposed  to  be  a  protoxide. 

An  excellent  illustration  of  the  value  of  isomorphism  in  these 
cases  is  also  afforded  by  the  oxides  of  chromium.  Until  the  pub- 
lication of  Peligot's  researches  on  this  metal,  only  two  compounds 
of  chromium  with  oxygen  were  known,  viz.,  the  green  oxide,  and 
chromic  anhydride, — the  anhydride  containing   twice  as  much 
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oxygen  as  the  oxide.  In  these  two  compounds  the  proportion  of 
oxygen  combined  with  equal  weights  of  chromium  was  as  i  :  2, 
or  as  li:  i-  But  there  was  little  difficulty  in  deciding  that  the 
green  oxide  must  be  regarded  as  a  sesquioxide,  for  the  green  oxide 
of  chromium  was  known  to  be  isomorphous  with  the  red  oxide  of 
iron^  both  in  its  uncombincd  form^  and  in  the  salts  which  it  yields 
by  action  upon  the  same  acids.  Chromic  anhydride  would  there- 
fore contain  three  atoms  of  oxygen  to  i  atom  of  the  metal.  But 
evidence  still  more  conclusive  of  the  accuracy  of  this  view  is 
afforded  by  the  fact  that  the  chromates  are  isomorphous  with  the 
manganates ;  now  the  manganates  are  known  to  contain  4  atoms 
of  oxygen^  for  they  are  the  salts  of  the  add  of  a  metal  which 
yields  a  basic  oxide  with  a  given  weight  of  manganese  containing 
one-fourth  of  the  oxygen  present  in  manganic  acid^  H^MnO^  and 
which  moreover  is  isomorphous  with  the  ferrous  oxide.  Finally^ 
the  discovery  of  another  oxide  of  chromium^  with  a  smaller  pro- 
portion of  oxygen  than  either  of  the  compounds  previously  known, 
fully  vindicated  the  correctness  of  the  foregoing  deductions ;  for 
the  new  oxide  was  found  to  contain  one-third  of  the  proportion  of 
oxygen  present  in  chromic  anhydride.  It  also  yields  salts  iso- 
morphous with  the  corresponding  salts  obtained  from  the  protoxide 
of  iron^  and  the  proportion  of  oxygen  which  it  contains  bears  the 
same  relation  to  that  present  in  the  green  oxide  of  chromium  that 
the  oxygen  in  the  protoxide  of  iron  does  to  that  in  the  red  oxide  of 
iron.  Peligot^s  new  oxide  therefore  was  the  missing  protoxide  of 
chromium.  

(1014)  Numerical  Data  from  which  the  Equivalents  and  Atomic 
Weights  of  the  Elements  have  been  calculated. 

The  combining  proportions  of  the  elementary  substances  were 
first  investigated  with  precision  by  Berzelius^  and  the  numbers 
obtained  by  him^  with  certain  important  corrections^  are  those  at 
present  in  use.  These  researches  of  Benelius^  combined  with 
those  of  subsequent  chemists^  particularly  of  Dumas  {Ann,  de 
Chimie,  III.  i.  55  viii.  189;  and  Iv.  129);  of  Pelouze  {Comptes 
Rendus,  xx.  1047) ;  of  De  Marignac  {BibUothigue  {/mo.  de  Genihe, 
xlvi.);  of  Erdmann  and  Marchand  {Journal  fur  prakt.  Chemie, 
xxiii.,  xxvi.,  xxxi.^  and  xxxiii.) ;  and  of  Stas  {Drans.  Brusseli 
Academy,  1860^  1865)^  have  furnished  the  following  data,  firom 
which  the  numbers  given  at  pp.  24,  25,  Part  I.,  have  been 
compiled : — 

I.  Aluminum. — Berzelius  found  that  100  parts  of  aluminic 
8e8quisulphate(Al^SOJ  lost  by  intense  ignition  70*066  of  sulphurie 
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anhydride;  hence  assuming  the  atomic  weight  of  SO^  as  96^  that 
of  aluminum  (hydrogen  being=i)  is  a7'344.  Dumas,  by  deter- 
mining the  amoimt  of  silver  required  to  precipitate  a  given  weight 
of  aluminic  chloride  (Al^Cl^),  obtained  numbers,  from  a  mean  of 
seven  experiments,  indicating  that  the  atomic  weight  of  aluminum 
is  27*488. 

2, — Antimony. — ^The  number  129*03,  assigned  by  Berzelius  to 
antimony,  is  admitted  to  have  been  too  high.  Schneider,  by  re- 
ducing the  native  sesquisulphide  (SbjjSj)  to  the  metallic  form, 
obtained  on  the  average  71*469  per  cent,  of  metal,  which  would 
yield  as  the  combining  number  1 20*3.  The  experiments  of  Rose 
on  the  trichloride  (SbClj)  gave  120*69.  Dexter,  by  oxidizing  the 
metal  with  nitric  acid,  and  converting  the  residue  by  ignition  into 
SbgO^  obtained  122*34  as  a  mean  result;  and  Dumas  by  experi- 
ments upon  the  trichloride  found  the  quantity  of  silver  required 
to  precipitate  this  chloride  indicated  122*0,  as  the  combining 
number  of  the  metal,  which  we  have  adopted. 

3.  Arsenicum. — Pelouze  decomposed  a  given  weight  of  arse- 
nious  chloride  (AsClj)  by  means  of  water,  and  determined  the 
quantity  of  argentic  chloride  which  it  produced :  a  mean  of  three 
experiments  furnished  75  as  the  atomic  weight  of  arsenicum,  a 
result  confirmed  by  four  experiments  of  Dumas,  which  gave  it  as 

74-95- 

4.  Barium, — ^Berzelius  found  that  100  parts  of  baric  chloride 

(BaClj),  when  dissolved  in  water,  yielded  112*175  of  baric  sul- 
phate (BaSOJ,  on  the  addition  of  sulphuric  acid ;  and  that  100 
parts  of  the  chloride  when  mixed  with  a  solution  of  argentic 
nitrate  yielded  138*07  of  argentic  chloride.  Pelouze,  by  preci- 
pitation with  silver,  obtained  results  almost  identical:  the 
number  calculated  from  the  results  of  Berzelius  for  barium  is 
136*84;  from  those  of  Pelouze,  137*28.  De  Marignac,  from  a 
series  of  experiments  of  the  same  kind,  checked  by  the  deter- 
mination of  the  barium  as  sulphate,  obtained  the  number  137*16  ; 
and  a  mean  of  sixteen  experiments  conducted  in  a  similar  manner 
by  Dumas  leads  to  the  number  137*02. 

5.  Bismuth. — 100  parts  of  the  metal  converted  into  nitrate 
and  decomposed  by  heat  in  a  glass  vessel,  gave  111*275  of  sesqui- 
oxide,  BigO^  hence  the  atomic  weight  of  bismuth  is  212*86 
(Lagerhjelm).  Dumas,  frx)m  a  mean  of  seven  experiments  upon 
the  quantity  of  silver  required  to  precipitate  the  chlorine  from  a 
given  weight  of  bismuth  chloride  (BiClj)  obtained  210*34  as  the 
number  for  this  metal.     210  is  the  number  admitted. 

6.  Boron. — According  to  Berzelius,  100  parts  of  borax  lost 
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47*1  of  water^  and  yielded  16*31  of  soda^  leaving  for  boracic 
anhydride  B3O3  (by  diflference)  36*59  ;  and  Davy  founds  by  the 
direct  combustion  of  boron^  that  100  parts  of  boracic  anhydride 
contain  32  of  boron  and  68  of  oxygen.  This  would  make  the 
number  for  boron  10*9.  But  the  methods  which  were  employed 
are  admitted  by  Berzelius  not  to  be  such  as  to  warrant  entire 
^confidence  in  the  accuracy  of  this  number;  and  Deville^  firom 
his  experiments  upon  boric  trichloride  and  tribromide,  regards  11 
as  nearer  the  truth. 

7.  Bromine. — De  Marignac  found  that  3*946  grammes  of 
silver^  when  dissolved  in  nitric  acid>  required  4*353  grammes  of 
potassic  bromide  (KBr)  for  its  complete  precipitation ;  and  15*00 
of  silver  converted  into  nitrate  gave  26*11  of  argentic  bromide: 
taking  the  atomic  weight  of  silver  at  107*97,  a  mean  of  the  ex- 
periments gives  the  number  for  bromine  as  79*97 ;  and  this 
result  has  been  verified  by  Dumas  by  the  decomposition  of 
bromide  of  silver  in  a  current  of  chlorine.  It  may  without  sen- 
sible error  be  taken  as  80. 

8.  Cadmium. — Stromeyer  found  that  114*352  parts  of  cadmic 
oxide  (CdO)  yielded  14*352  of  oxygen;  from  which  the  atomic 
weight  of  this  metal  is  111*48.  Dumas,  as  a  mean  of  six  expe- 
riments upon  the  quantity  of  silver  required  to  precipitate  the 
chlorine  from  a  given  weight  of  cadmic  chloride  (CdCl^),  ob- 
tained results  represented  by  the  number  112*24;  but  his  ex- 
periments were  not  quite  so  concordant  as  usual. 

9.  Calcium. — Dumas^  by  the  ignition  of  100  parts  of  Iceland 
spar  (CaCOj)  obtained  56  parts  of  lime,  which  would  make  the 
atomic  weight  of  calcium  exactly  40 :  and  the  mean  of  later  expe- 
riments by  the  same  chemist  upon  the  quantity  of  silver  required 
to  precipitate  a  given  weight  of  calcic  chloride  (CaClj)^  leads  to 
the  number,  40*02.  Erdmann  and  Marchand's  results  would 
make  it  40*06 ;  De  Marignac^s,  by  decomposition  of  a  known 
weight  of  calcic  chloride,  40*21 ;  and  those  of  Berzelius^  by  the 
conversion  of  a  known  weight  of  pure  lime  into  sulphate^  would 
make  it  40*26.     The  number  40  may  be  safely  adopted. 

10.  Carbon, — ^The  determination  of  the  combining  proportion 
of  carbon  formed  the  subject  of  a  series  of  laborious  researches 
by  Dumas  and  Stas.  They  burned  graphite,  diamond,  and 
charcoal  in  a  current  of  pure  oxygen  with  scrupulous  care. 
^*375  grammes  of  diamond  gave  5*041  of  carbonic  anhydride 
(CO3) ;  and  the  mean  of  their  results,  which  agreed  very  dosdy 
with  each  other,  entitles  us  to  fix  the  atomic  weight  of  carlxm 
at  12.     Similar  experiments  by  Erdmann  and  Marchand  gave 
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them  the  number  12*014;  and  the  results  obtained  by  Liebig 
and  Bedtenbacher  from  the  combustion  of  the  oxalate  (AgjCgO J, 
the  acetate^  the  racemate,  and  the  tartrate  of  silver^  correspond  to 
12*12,  which  coincides  so  nearly  with  the  number  deduced  from 
those  of  Dumas,  that  these  chemists  themselves  have  adopted  the 
number  which  he  employs. 

II.  Chlorine. — ^Numerous  careful  experiments  have  been 
made  with  a  view  to  determine  the  combining  proportion  of 
chlorine,  De  Marignac  found  that  100  parts  of  potassic  chlorate 
(KCIO3),  ^^^^  decomposed  by  heat,  left  60*839  of  potassic  chloride 
(KCl);  and  22*032  of  pure  silver  required  I5'2i6  of  potassic 
chloride  for  its  complete  precipitation.  14*427  of  potassic  chloride 
gave  27*749  of  argentic  chloride  (AgCl).  Berzelius  calculates 
from  these  results  that  the  atomic  weight  of  chlorine  is  35*46 ; 
and  this  coincides  exactly  with  the  recent  elaborate  experiments 
of  Stas ;  a  result  arrived  at  also  by  Penny  30  years  ago. 

Maumen^,  by  heating  argentic  chloride  in  a  current  of  hydro- 
gen, found  that  100  parts  of  silver  were  united  with  32*856  of 
chlorine.  The  same  chemist  obtained  from  100  parts  of  potassic 
chlorate  60*791  of  potassic  chloride:  and  from  100  parts  of 
potassic  chloride,  he  obtained  by  precipitation  192*75  of  argentic 
chloride.  These  experiments  furnish  data  from  which  the  atomic 
weights  of  potassium  and  silver  may  be  determined,  as  well  as 
that  of  chlorine,  in  the  manner  following : — 

The  composition  of  potassic  chlorate  is  represented  by  the 
formula  KCIO3;  when  heated  it  gives  oflf  the  whole  of  its  3 
atoms  of  oxygen.  The  atom  of  potassic  chloride  therefore  will 
be  the  quantity  which  is  combined  with  48  parts  (or  3  atoms)  of 
oxygen.  Now,  taking  Maumen^'s  result  that  39*209  parts  of 
oxygen  are  combined  in  potassic  chlorate  with  60*791  of  potassic 
chloride  we  have — 

39*209  :  48  : :  60*791  :  x  (=74*4208,  i  at.  of  KCl). 

If  100  parts  of  potassic  chloride  produce  192*75  of  argentic 
chloride,  i  atom,  or  74*4208,  of  potassic  chloride  will  fiimish  i 
atom  of  argentic  chloride.     Foi 


100  :  192*75  : :  74*4208  :  4?  (=143*446,  I  at.  of  AgCl) ; 

and  132*856  of  argentic  chloride  contain  32*856  of  chlorine ;  con- 
sequently (i  atom  of  argentic  chloride  containing  i  atom  of 
chlorine),  we  find  the  atomic  weight  of  chlorine  as  follows ; — 

132*856  :  32*856  : :  I43"446  :  a?  (=35*476) : 
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but  the  atomic  weight  of  argentic  chloride  being      .      =  143-446 
that  of  silver  is  found  by  deducting  the  at.  wt.  of  CI      =  35*476 


leaving  the  atomic  weight  of  silver  •  .  .      =io7"970 


and  the  atomic  weight  of  potassic  chloride  being      .      =74-4208 
deduct  from  it  the  atomic  weight  of  chlorine  .  .      =  35*476 


we  obtain  the  atomic  weight  of  potassium  •     .      =38*9448 
No  material  error  can  therefore  arise  if  the  atomic  weight  of 
chlorine  be  taken  as       •  .  .  .  .  .      ^  35-5 

that  of  silver  as     .  .  .  .  .  .  .      =  108-0 

and  that  of  potassium  as  .....      =  39*0 

Dumas  has  also  checked  these  numbers  by  burning  finely 
divided  silver  in  a  current  of  perfectly  dry  chlorine.  He  thus 
found  that  108  parts  of  silver  combined  with  35*505  of  chlorine 
as  a  mean  of  two  experiments. 

12.  Chromium. — The  atomic  weight  of  chromium  was  deter- 
mined by  Berlin,  by  converting  argentic  chromate  (AggCrOJ  into 
argentic  chloride;  the  number  calculated  from  this  result  is 
52*694 ;  and  that  deduced  from  the  reduction  of  the  chromic  an- 
hydride (CrOj)  to  chromic  sesquioxide,  in  the  same  series  of 
experiments,  is  52*54.  P^got^s  experiments  on  the  acetate  would 
make  it  between  52  and  53*6,  but  he  considers  52*48  as  nearest 
the  truth;  we  have  therefore  adopted  the  number  52-5. 

13.  Cobalt. — Bothoff  found  that  269*2  parts  of  cobalt  oxide 
(CoO),  when  converted  into  chloride  (CoClj)  by  means  of  hydro- 
chloric acid  and  precipitated  by  means  of  argentic  nitrate,  gave 
1029*9  ^^  argentic  chloride :  hence  the  atomic  weight  of  cobalt  is 
58*98.  The  nimiber  59*08  is  the  mean  of  five  experiments  made  in 
a  similar  way  by  Dumas.  Schneider,  however,  subsequently, 
from  the  decomposition  of  the  oxalate,  obtained  results  cor- 
responding to  the  number  60 ;  but  the  more  recent  experiments 
of  Russell  confirm  the  former  number,  and  show  that  the  atomic 
weight  of  cobalt  is  58*74,  or  identical  with  that  of  nickel. 

14.  Copper. — Berzelius  obtained  from  7*68075  grammes  of. 
cupric  oxide  (CuO),  which  were  reduced  in  a  current  of  hydro- 
gen, 6*13075  of  metallic  copper;   hence  the  atomic  weight  of  the 
metal  is  63*5.     Erdmann  and  Marchand,  by  a  similar  method, 
obtained  numbers  which  would  make  it  63*52. 

15.  Fluorine. — Berzelius  found  that  loo  parts  of  fluor-spar 
(CaFj)  when  heated  with  an  excess  of  sulphuric  acid,  yielded  175 
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of  calcic  sulphate  (CaSOJ.  Louyet^  on  repeating  this  experi- 
ment^ obtained  1 74*36 1  parts  of  calcic  sulphate.  The  atomic 
weight  of  fluorine  deduced  from  this  latter  result  is  19.  {See 
p.  163.)  And  these  results  have  been  confirmed  by  Dumas,  who 
made  similar  experiments  upon  the  fluorides  of  calcium,  potassium, 
and  sodium. 

16.  Glucinum. — ^Awdejew  found  that  100  parts  of  the  chloride 
of  this  metal  contained  88*4:&  of  chlorine ;  hence,  if  the  chloride 
be  represented  as  Gl^Glj,  the  combining  number  of  the  metal  will 
be  6*97 ;  but  if  the  cUoride  be  regarded  as '  GCl^,  as  assumed 
in  this  work,  the  atomic  weight  of  the  metal  is  9*30. 

17.  Gold. — Berzelius,  by  reducing  the  potassio-auric  chloride 
(KCl,AuCl3)  in  a  current  of  hydrogen,  determined  the  combining 
number  of  this  metal  at  ig6'66.  By  an  earlier  series  of  experi- 
ments he  found  that  142*9  of  metallic  mercury  precipitated  93*55 
of  gold  from  the  trichloride  (AuCtj) ;  3  atoms  of  mercury  causing 
the  precipitation  of  2  atoms  of  gold :  and  assuming  the  atomic 
weight  of  mercury  to  be  200,  this  would  make  the  number  for 
gold  196-44. 

18. — Hydrogen. — The  atomic  weight  of  hydrogen  was  deter- 
mined with  great  care  by  Dumas,  by  the  method  abready  described 
at  p.  56.  He  ascertained,  as  a  mean  of  nineteen  experiments, 
that  8  parts  of  oxygen  combined  with  i*ooi2  of  hydrogen  to  form 
water ;  the  lowest  quantity  which  these  experiments  gave  being 
0*9984,  the  highest  1*0045.  ^^  quantity  of  water  collected  in 
each  of  these  experiments  was  considerable,  varying  from  230  to 
1 150  grains  (15  to  75  grammes).  Erdmann  and  Marchand  re- 
peated these  experiments  with  similar  results.  Benselius  and 
Dulong  concluded,  from  researches  performed  long  previously 
upon  a  similar  principle,  though  on  a  smaller  scale,  that  the 
quantity  of  hydrogen  united  with  8  parts  of  oxygen  was  0*9984, 
which  coincides  with  the  lowest  number  obtained  by  Dumas.  It 
is  obvious  that  no  appreciable  error  can  be  committed  by  assum- 
ing hydrogen  to  possess  an  atomic  weight  of  i,  that  of  oxygen 
being  16,  if  water  be  taken  as  H^O. 

19.  Iodine. — De  Marignac  determined  the  number  for  iodine 
by  a  process  analogous  to  that  which  he  employed  for  chlorine. 
The  atomic  weight  of  potassic  iodide  (KI)  he  fixed  at  165*951 ; 
deducting  from  this  38*95,  Maumen^'s  number  for  potassium,  we 
obtain  127  as  the  combining  number  of  iodine.  Dumas,  from 
two  experiments  upon  argentic  iodide,  which  he  converted  into 
chloride  by  heating  it  in  a  current  of  dry  chlorine,  obtained  the 
same  result. 
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20.  Iridium. — ^Berzelius  deduced  tlie  number  for  iridium  from 
an  analysis  of  the  potassio-iridic  chloride  (sKCl^IrClJ  ;  his  re- 
sults would  make  it  197*12^  which  is  identical  with  the  number 
obtained  for  platinum. 

21.  Iron. — Berzelius  found  that  1*586  grammes  of  pure  iron 
converted  first  into  nitrate^  and  then  into  sesquioxide  by  igniticm, 
gave  2*265  of  sesquioxide  (Fe^O^) ;  and  Svanberg  and  Norlin,  by 
reducing  ferric  oxide  in  a  current  of  hydrogen,  obtained  from 
35*783  of  sesquioxide^  25*059  of  metallic  iron ;  making  the  atomic 
weight  of  iron  56*08.  Erdmann  and  Marchand,  by  the  method 
last  named^  fixed  the  atomic  weight  at  56*002,  and  Maumene  has 
also  arrived  at  a  similar  result  by  dissolving  iron  in  aqua  regia, 
and  precipitating  the  sesquioxide  by  means  of  ammonia.  Still 
more  recently,  Dumas  has  corroborated  the  same  number  by  de- 
composing both  the  chlorides  of  iron  by  means  of  argentic  nitrate 
— ^the  mean  of  his  four  experiments  giving  56*14. 

22.  Lead. — 21*9425  grms.  of  plumbic  oxide  (PbO)  were  re- 
duced by  Berzelius  in  a  current  of  hydrogen,  and  gave  20*3695 
of  metallic  lead:  from  the  mean  of  his  five  experiments,  the 
atomic  weight  of  the  metal  would  be  207*14.  This  result  has 
been  confirmed  by  De  Marignac,  who  obtained,  by  the  precipita- 
tion of  5  grammes  of  plumbic  chloride  (FbCy  3*8835  of  argentic 
chloride,  similar  experiments  by  Dumas  would  make  the  number 
for  lead  207*1,  whilst  from  those  of  Stas  it  would  be  206-912. 

23.  Lithium. — ^The  number  obtained  by  Berzelius  for  this 
metal,  by  neutralizing  fused  lithic  carbonate  (Li^CO,)  with  sul- 
phuric acid,  is  probably  inaccurate,  as  this  carbonate  has  sub- 
sequently been  foimd  to  lose  a  little  of  its  acid  when  melted. 
Mallett  estimates  the  atomic  weight  of  lithium  at  6*97.  Diehl, 
from  an  analysis  of  the  carbonate,  obtained  the  number  7*026 ; 
and  Troost,  from  the  chloride,  obtained  the  number  7*01,  as  well 
as  by  decomposition  of  the  carbonate  by  means  of  silica;  7*00  is 
therefore  the  number  adopted. 

24.  Magnesium. — Berzelius  found  that  100  parts  of  magnesia, 
dissolved  in  pure  sulphuric  acid  and  ignited,  gave  293*985  of 
magnesic  sulphate  (MgSOJ  ;  hence  the  atomic  weight  of  mag- 
nesium would  be  25*3  ;  but  this  result  is  probably  a  little  too  higL 

Scheerer,  by  ascertaining  the  quantity  of  baric  sulphate  pro- 
duced by  a  given  weight  of  magnesic  sulphate,  determined  the 
number  for  magnesiiun  at  24*22.  The  results  of  Svanberg  and 
Nordenfeldt,  by  the  decomposition  of  magnesic  oxalate  (MgCjO^ 
2HgO)  by  heat,  made  it  24*7 ;  those  by  converting  a  known  weight 
.of  magnesia  into  sulphate,  gave  it  as  24*74 :  whilst  those  of  Mar- 
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chand  and  Scheerer^  by  ignition  of  the  native  carbonate,  indicated 
the  number  24*04.  Dumas  found  extraordinary  difficulty  in  pro- 
curing magnesic  chloride  quite  free  from  magnesia.  The  mean  of 
eleven  experiments  upon  the  precipitation  of  the  chloride  (MgCl^) 
by  argentic  nitrate  gave  24*6  as  the  combining  number  of  mag- 
nesium. The  mean  of  these  results  is  24*32,  but  there  is  room 
for  ftirther  experiment  upon  the  exact  number  for  this  metal. 

25.  Manganese, — ^4*20775  of  manganous  chloride  (MnClg)  gave 
Berzelius  9*575  of  argentic  chloride ;  the  atomic  weight  of  the 
metal,  from  a  mean  of  two  such  experiments,  is  55*14.  Dumas, 
as  a  mean  of  five  such  experiments  conducted  in  a  similar  manner, 
obtained  the  number  54*96. 

26.  Mercury. — ^Erdmann  andMarchand  obtained  from  1 18*3938 
grammes  of  mercuric  oxide  (HgO)  109*6308  of  mercury ;  a  mean 
of  five  experiments  gave  200*2  as  the  atomic  weight  of  the  metaL 
It  may  be  safely  estimated  at  200. 

27.  Molybdenum. — Berzelius  regarded  the  number  originally 
given  by  himself  for  this  metal  only  as  an  approximation.  Svanbei^ 
and  Struve,  from  an  extensive  series  of  experiments,  considered 
that  the  most  accurate  results  were  obtained  by  roasting  the 
molybdous  disulphide  in  air,  and  they  conclude  that  100  parts  of 
the  disulphide  (MoSg)  yield  89*732  of  molybdic  anhydride  (MoOj) ; 
hence,  if  the  atomic  weight  of  sulphur  be  taken  at  32,  that  of 
molybdenum  will  be  92*12.  Berlin,  from  the  quantity  of  molybdic 
anhydride  left  by  the  salt  (H^N)^02,5Mo08,3HjO,  found  the 
number  for  the  metal  (from  a  mean  of  four  experiments)  to  be 
91*96.  Dumas,  however,  by  reducing  crystallized  molybdic  an- 
hydride in  a  current  of  hydrogen,  found,  as  a  mean  of  five  con- 
cordant experiments,  96  as  the  number  for  this  metal. 

28.  Nickel. — Bothofi*  converted  188  parts  of  nickel  oxide  into 
chloride  (NiCy, and  obtained  from  it  718*2  of  argentic  chloride; 
the  number  for  nickel  hence  deduced  is  59*08  ;  and  Dumas,  as  a 
mean  of  five  experiments  on  the  same  plan,  obtained  the  number 
59*02.  Russell  found  it  by  reducing  the  oxide  in  a  current  of 
hydrogen  58*738. 

29.  Nitrogen. — De  Marignac,  by  converting  200  grammes  of 
silver  into  nitrate  (AgNOj),  obtained  314*894  of  the  salt;  14*110 
of  argentic  nitrate  required  for  precipitation  6*191  of  potassic 
chloride;  10*339  of  silver  converted  into  nitrate  required  5*120 
of  ammonic  chloride  for  complete  precipitation ;  the  mean  re- 
sult, as  calculated  by  Berzelius  from  several  experiments  per- 
formed in  this  manner,  gives  14*004  as  the  number  for  nitrogen. 
Stas,  by  synthetic  experiments  upon  argentic  nitrate,  fixed  it  at 
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14*044.  Anderson,  by  the  decomposition  of  argentic  nitrate  by 
heat,  concluded  that  the  atomic  weight  of  nitrogen  was  13*95 ; 
and  Svanberg,  from  the  analysis  of  plumbic  nitrate  (PbaNO,), 
obtained  the  same  result :  the  number  for  nitrogen  may  therefore 
be  taken  as  14. 

30.  Osmium. — ^The  atomic  weight  of  this  metal  was  calculated 
by  Berzelius  from  the  result  obtained  by  heating  the  potassio- 
osmic  chloride  (aKCl,OsClJ  in  a  current  of  hydrogen,  1*3165 
grammes  of  the  salt  leaving  0*401  gramme  of  KCl  and  0*535  S'"^ 
of  osmium  :  hence  the  number  for  osmium  may  be  estimated  at 
198*8,  which  agrees  with  the  later  researches  of  Dumas. 

3 1 .  Oxygen, — ^The  atomic  weight  of  oxygen  is  the  fundamental 
one  from  which  all  others  are  calculated.  Reasons  have  already 
been  frdly  given  which  lead  to  the  adoption  of  16  as  the  atomic 
weight  of  oxygen,  if  that  of  hydrogen  be  taken  as  i. 

32.  Palladium. — ^The  number  of  this  metal  rests  upon  the 
authority  of  Berzelius,  who  foimd,  by  reducing  the  chloride  of 
potassium  and  palladium  (2KCl,FdCl2)  in  a  current  of  hydrc^en, 
that  2'6o6  grms.  of  the  salt  gave  0*563  gramme  of  chlorine,  0*851 
of  palladium,  and  1*192  of  potassic  chloride:  hence  the  atomic 
weight  of  palladium  is  106*48. 

33.  Phosphorus. — According  to  Pelouze,  a  solution  of  100 
parts  of  silver  in  nitric  acid  is  required  to  precipitate  the 
chlorine  from  42*74  of  trichloride  of  phosphorus  (PCy; 
the  atomic  weight  of  phosphorus,  therefore,  would  be  32*02. 
Berzelius,  fix)m  the  silver  reduced  from  argentic  sulphate 
by  a  known  weight  of  phosphorus,  estimated  the  number  for 
phosphorus  at  31*36  ;  and  Schrotter  concludes — ^from  a  mean  of 
ten  experiments,  in  which  phosphorus  was  burned  in  a  current  of 
dry  air,  and  thus  converted  into  phosphoric  anhydride — ^that  the 
true  atomic  weight  is  31 ;  a  result  confirmed  by  carefrd  experi- 
ments upon  the  trichloride  by  Dumas,  who  foimd  it  to  be  31*03. 

34.  Platinum. — Berzelius  foimd  that  6*981  grammes  of  the 
potassio-platinic  chloride  (2KCl,PtClJ,  when  reduced  in  a  current 
of  hydrogen,  gave  4*957  of  a  mixture  of  platinum  and  potassic 
chloride ;  2*822  of  this  was  platinum :  hence  the  number  for 
platinum  is  197*12,  identical  with  that  of  iridium. 

35.  Potassium. — De  Marignac's  experiments  on  the  potassic 
chlorate  (KCIO3,  ^ ^^^ted  when  speaking  of  the  atomic  weight  of 
chlorine)  gave  the  number  for  potassium,  39*1 ;  those  of  Maumen^ 
38*95;  those  of  Pelouze,  39'i45  and  those  of  Stas,  39'i37.  It 
may  therefore  be  taken  as  39' !• 

36.  Rhodium. — 3*146  grms.  of  the  potassio-rhodic  chloride 
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(KCl,RoCl3)  when  heated  in  a  current  of  hydrogen,  were  found 
by  Berzelius  to  ftimish  0*912  grm.  of -rhodium,  and  0*515  grm, 
of  potassic  chloride ;  whence  the  atomic  weight  of  the  metal 
should  be  104*32. 

37.  Selenium. — 100  parts  of  selenium,  when  heated  in  a  cur- 
rent of  chlorine,  yield  exactly  279  of  selenious  chloride  (SeClJ, 
according  to  Berzelius,  which  would  make  the  atomic  weight 
79*32  ;  but  the  method  employed  is  not  perfectly  trustworthy, 
Dumas,  by  modifying  the  method  of  proceeding,  obtained  as  a 
mean  of  seven  experiments,  79*46. 

38.  Silicon, — Berzelius  found  that  100  parts  of  silicon,  when 
oxidized,  yielded  208  parts  of  silica,  which,  if  taken  as  SiO^  would 
give  an  atomic  weight  of  29*62 ;  this  appears  to  be  too  high. 
Pelouze  states  that  a  solution  of  3*685  parts  of  silver  in  nitric 
acid  precipitated  1*454  of  silicic  chloride  (SiClJ,  whence  the 
number  would  be  28*48  ;  and  Dumas,  by  a  mean  of  two  experiments 
conducted  on  the  same  principle,  obtained  the  number  28*02 : 
further  experiments  are  however  desirable  upbn  an  element  of 
such  importance. 

39.  Silver. — ^The  combining  number  of  this  metal  has  been 
repeatedly  determined  with  very  great  care,  as  it  forms  a  funda- 
mental datum  in  these  inquiries.  De  Marignac,  by  precipitation 
of  a  known  weight  of  silver  from  its  solution  in  nitric  acid,  as 
chloride  (AgCl)  estimates  the  equivalent  as  107*97 ;  and  the  ex- 
periments of  Pelouze  and  of  Maumen^  agree  almost  exactly  with 
this  result.  Dumas  has  also  confirmed  this  result  by  burning 
finely  divided  silver  in  a  current  of  chlorine  gas ;  and  the  number 
deduced  by  Stas,  from  bis  experiments,  was  107*930.  108  may 
therefore  be  taken  as  the  atomic  weight  of  silver. 

40.  Sodium. — Berzelius  found  that  100  parts  of  sodic  chloride 
(NaCl)  gave  by  precipitation  244*6  of  argentic  chloride,  the 
atomic  weight  of  sodium  would  therefore  be  23*17.  Pelouze 
found,  as  a  mean  of  three  experiments,  that  100  parts  of  silver 
required  for  precipitation  54*144  of  sodic  chloride,  whence  the 
atomic  weight  of  sodium  would  be  22*97.  Dumas,  as  a  mean  of 
seven  experiments  of  a  similar  kind,  obtained  the  number  23*01 ; 
and  Stas  found  it  to  be  23*043.    It  may  be  taken  as  23. 

41.  Strontium. — ^The  number  for  this  metal  was  also  obtained 
by  a  similar  method,  viz.,  by  ascertaining  the  proportion  of  silver 
which  a  given  weight  of  strontic  chloride  (SrClj)  requires  for 
precipitation.  Stromeyer's  experiments  give  the  number  87*34; 
De  Marignac's,  87*54 ;  Pelouze's,  87*68 ;  and  the  mean  of  a  nu- 
merous series  of  experiments  by  Dumas,  gives  87*48. 
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42.  Sulphur. — ^The  atomic  weight  of  sulphur  was  estimated  bj 
Serzelius  from  the  weight  of  plumbic  sulphate  formed  by  oxidizing 
a  known  weight  of  lead  with  nitric  acid,  and  heating  it  with  an 
excess  of  sulphuric  acid  till  the  weight  ceased  to  alter.  As  a  mean 
of  three  experiments,  100  parts  of  lead  yielded  146*45  of  plumbic 
sulphate  (PbSOJ ;  hence  the  atomic  weight  of  sulphur  would  be 
32*128  ;  this  result  was  confirmed  by  converting  argentic  chloride 
into  sulphide  in  a  current  of  dry  sulphuretted  hydrogen.  Erd- 
mann  and  Marchand,  by  distilling  cinnabar  with  copper  turnings, 
obtained  from  100  parts  of  cinnabar,  86*213  of  mercury  as  a 
mean  of  two  experiments.  This  would  make  the  atomic  weight 
of  sulphxu*  exactly  32 — a  result  which  agrees  with  those  of  Dumas, 
who  converted  a  given  weight  of  silver  into  sulphide,  by  heating 
the  metal  in  the  vapour  of  sulphur.  As  a  mean  of  five  such 
experiments,  he  obtained  the  number  32*02^  while  Stas  found  it 
to  be  32*0742. 

43.  Tellurium, — 1*5715  gramme  of  tellurium  when  oxidized 
by  nitric  acid  and  heated  till  the  excess  of  nitric  acid  was  expelled, 
left  a  residue  of  TeOj,  which  Berzelius  foimd  to  weigh  i'9365 
grm. ;  hence  the  number  for  tellurium  would  be  128*30.  But 
Dumas,  from  experiments  not  hitherto  published  in  detail,  gives 
figures  which  would  make  it  129. 

44.  Tin. — 100  parts  of  tin,  when  oxidized  by  nitric  acid  and 
ignited,  were  found  by  Berzelius  to  yield  127*2  parts  of  stannic 
oxide  (SnOg) ;  firom  which  the  number  for  tin  would  be  117*64. 
Mulder  states  that  he  obtained  from  100  parts  of  this  metal 
127*56  of  stannic  oxide,  which  would  give  the  number  ii6*i. 
Dumas,  on  repeating  this  experiment,  obtained  the  number  118*06 
for  the  metal,  and  this  result  was  confirmed  by  experiments  on 
the  quantity  of  silver  required  for  the  precipitation  of  a  known 
weight  of  stannic  chloride  (SnClJ.  The  atomic  weight  of  tin 
may  therefore  be  taken  at  118. 

45.  Titanium. — The  number  for  this  metal  rests  upon  the 
analysis  of  its  tetrachloride.  Rose  found,  as  a  mean  of  four  ex- 
periments, that  100  parts  of  the  tetrachloride  (TiClJ  contained 
74*46  of  chlorine,  which  would  give  48*24  as  the  atomic  weight 
of  titanium.  Later  experiments  by  Isidore  Pierre,  in  which  0*82x5 
gramme  of  TiCl^  furnished  1*84523  gramme  of  AgCl,  seem  to  fix 
it  at  50*34. 

46.  Tungsten. — The  number  189*28,  calculated  from  the  ex- 
periments of  Berzelius,  was  only  an  approximation.  Schneider, 
on  repeating  the  experiment  of  reducing  tungstic  anhydride 
(WO3),  in  a  current  of  hydrogen,  found  that  100  parts  of  the  an- 


COMBINING  NUMBERS  OF  THB   BLBMXNTS.  868 

hydride  yielded  79*316  of  the  metal^  and  on  oxidizing  metallic 
tungsten^  and  reconverting  it  into  tungstic  anhydride^  he  found 
79*327  parts  of  metal  furnished  100  of  anhydride :  the  atomic 
weight  of  tungsten  firom  the  mean  of  these  results  would  be 
184*12.  Marchand^  by  similar  experiments,  fixed  it  at  184*1,  a 
result  completely  confirmed  by  Dumas.  It  may  be  taken  as  184. 
Persoas,  however,  has  endeavoured  to  show,  though  without  much 
probability,  that  tungstic  anhydride  consists  of  TaO^  not  of 
WO3,  and  in  such  case  the  atomic  weight  of  timgsten,  Tu,  would 
be  153*3.     (See  note,  p.  649.) 

47.  Uranium. — Some  doubt  exists  as  to  the  exact  combining 
number  of  this  metal.  Wertheim^s  experiments  on  the  double 
acetate  of  sodium  and  uranium  would  give  1 18*48 ;  and  Ebelmen's 
on  the  oxalate  11 8* 86;  but  Feligot^s  estimate,  which  would  make 
it  lao,  is  usually  adopted. 

48.  Vanadium. — ^The  atomic  weight  of  this  metal  was  deter- 
mined by  heating  vanadic  anhydride  (VjOg)  in  a  current  of  hy- 
drogen. It  was  thus  reduced  to  the  sesquioxide.  Berzelius  foimd 
as  a  mean  of  four  experiments,  that  120*927  parts  of  the  anhy- 
dride lost  thus  20*927  of  oxygen.  Boscoe  found  that  also  as  a 
mean  of  four  experiments  121*22  parts  of  the  anhydride  lost  by 
reduction  to  sesquioxide  in  a  current  of  hydrogen  21*22  of  oxygen, 
and  he  calculated  the  atomic  weight  of  the  metal  from  this  at 
51*362;  while  from  seventeen  experiments  on  the  oxychloride 
(VOCI3)  he  obtained  61*276  of  chlorine  in  100  parts :  from  these 
experiments  the  atomic  weight  would  be  5105,  and  as  a  mean 
of  the  two  series  he  adopts  51*3.      (See  p.  653.) 

49.  Zinc. — Favre^s  experiments  on  the  analysis  of  zincic  oxa- 
late, and  on  the  quantity  of  hydrogen  which  a  given  weight  of 
zinc  liberates  during  its  solution  in  hydrochloric  acid,  would  make 
the  atomic  weight  of  the  metal  66*0;  aud  Jacquelain,  by  the 
decomposition  of  the  nitrate  and  of  the  sulphate  of  zinc  (ZnSOJ 
by  heat,  obtained  results  corresponding  to  the  number  66*24. 
The  original  experiments  of  Berzelius  on  this  metal  lead  to  the 
number  64*5.  Subsequently,  A.  Erdmann  prepared  a  pure  zincic 
oxide,  mixed  it  with  pure  charcoal  obtained  from  sugar,  and  dis- 
tilled the  zinc  in  a  current  of  hydrogen ;  he  then  oxidized  the 
metal  by  nitric  acid,  and  converted  it  into  oxide  by  ignition.  The 
atomic  weight  of  zinc,  calculated  from  a  mean  of  four  experi- 
ments conducted  in  this  manner,  is  65*04*  The  same  number  is 
obtained  from  the  analysis  of  zincic  lactate  by  Pelouze. 

50.  Zirconium. — As  a  mean  of  six  experiments,  Berzelius  found 
that  100  parts  of  sulphuric  anhydride  (SO3)  required  75*853  of 
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zirconia^  in  order  to  form  the  sulpbate  of  the  earth.  Zirconic 
fluoride  forms  with  potassic  fluoride  two  compounds  :  in  one  the 
fluorine  is  combined  with  zirconium  and  potassium  in  equal 
quantity ;  in  the  other  the  quantity  of  fluorine  combined  with 
zirconium  is  3^  if  that  with  potassium  is  2  :  hence  Berzelius  con- 
sidered that  zirconia  contains  ZrjO^,  and  the  combroing  number 
of  the  metal  is  67*18^  but  De  Marignac  has  shown  that  zirconia  is 
more  probably  ZtO^  in  which  case  the  number  would  be  89*5. 

(1015)  Table  of  Combining  Numbers. — ^We  may  here  sum  up 
the  foregoing  results^  by  stating  that  the  following  numbers  may 
be  taken^  for  the  purpose  of  calculation^  as  representing  the 
atomic  weights  of  the  elementary  bodies  on  the  hydrogen  scale. 
They  differ  but  very  slightly  from  the  numbers  given  at  pages  24 
and  25  of  Part  I. : — 

104-3 

104*2 

79'S 
28-0 

108*0 

23-0 

87-5 
32*0 

182*0 

129*0 

204*0 

2380 

1180 

50*0 

184*0 

120*0 

sn 

6i*7 
65*0 


Alaminam 

-.      ^7'5 

Hydrogen 

• .  • 

I'O 

Rhodium 

Antimony 

„.       I22-0 

Indium 

« .  • 

72  (P) 

Rubidium 

Araenicum 

••       75*0 

Iodine... 

... 

127*0 

Ruthenium 

Barium 

...     137*0 

Iridium 

... 

197*1 

Selenium 

Bismath 

...       2I0*0 

Iron     ... 

• . . 

56*0 

Silicon 

Boron  ... 

10*9 

Lanthanum 

... 

92*0 

SUver 

Bromine 

8o*o 

Lead    ... 

... 

207*0 

Sodium 

Cadmium 

..       1I2*0 

Lithium 

... 

7*0 

Strontium 

Caesium 

..    ^sro 

Magnesium 

.•• 

a4-3 

Sulphur 

Calcium 

40*0 

Manganese 

.  • . 

55'o 

Tantalum 

Carbon 

I2*0 

Mercury 

••• 

200*0 

Tellurium 

Cerium 

92*0 

Molybdenum 

... 

96*0 

Thallium 

Chlorine 

••      35' 5 

Nickel 

... 

59'^ 

Thorinum 

Chromium 

••      5^'5 

Niobium 

... 

94*0 

Tin  ... 

Cobalt 

•.      S9'o 

Nitrogen 

... 

14*0 

Titanium 

Copper 

..      63-5 

Osmium 

•  •  • 

1990 

Tungsten 

Didjmium 

o6'o 

Oxygen 

• .  • 

16*0 

Uranium 

Erbium            ...     114*6 

Palladium 

• .  • 

106*5 

Vanadium 

Fluorine 

19*0 

Photiphorus 

... 

31*0 

Yttrium 

Glucinum 

9'S 

Platinum 

... 

197-1 

Zinc... 

Gold   ... 

..     196*6 

Potassium 

■•■ 

39'^ 

Zirconium 

•  •• 


•  •• 


(1016)  On  the  Numerical  Relations  of  the  Proportional  Num- 
bers of  the  Elements, — Several  years  ago  Prout  started  the  idea 
that  the  niunbers  which  represent  the  combining  proportions  of 
the  different  elementary  bodies  are  multiples  by  whole  numbers 
of  the  combining  proportion  of  hydrogen ;  and  he  attributed  the 
various  cases  of  apparent  departure  from  this  proposition  to  in- 
accuracy in  the  experimental  determinations  of  the  combining 
proportion  of  the  exceptional  bodies.  Since  that  period  an  in- 
creased degree  of  precision  has  been  attained  in  experiments  of 
this  nature,  and  many  of  the  apparent  exceptions  to  Proufs  idea 
have  been  removed. 

Independently  of  the  importance  of  accurate  determkiationB  of 
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these  numbers  for  the  purposes  of  chemical  analysis^  and  for  the 
tracing  out  of  quantitative  relations  between  the  chemical  equiva- 
lents and  certain  physical  properties^  such  as  the  density  and 
specific  heat  of  the  simple  and  compound  bodies^  the  verification 
or  disproof  of  Front's  hypothesis  acquires  a  high  interest  from  its 
connexion  with  the  nature  of  the  elementary  bodies  themselves ; 
for  if  the  combining  proportions  of  all  the  elements  be  multiples 
by  whole  numbers  of  the  combining  proportion  of  hydrogen,  it  is 
not  absolutely  impossible  that  the  various  bodies  at  present 
regarded  as  elementary,  may  in  reality  be  compounds  of  a  single 
primordial  substance  condensed  in  different  degrees  in  the  various 
so-called  elements. 

If  experiment  justifies  the  hypothesis  of  Prout,  it  would  be 
possible  that  the  three  following  propositions  were  true : — 

a.  Similar  quantities  of  this  one  elementary  principle  might, 
by  variety  in  the  mode  of  their  arrangement,  form  bodies  (at 
present  regarded  as  elementary)  or  radicles  of  equal  atomic  weight, 
but  endowed  with  distinct  properties. 

b.  A  radicle,  intermediate  in  properties  and  in  its  combining 
number  between  two  other  radicles  of  the  same  group,  might  be 
produced  by  the  union  of  half  a  molecule  of  the  two  extreme 
radicles. 

c.  And,  finally,  the  supposed  constitution  of  these  radicles  (or 
bodies  at  present  regarded  as  simple)  might  be  assimilated  to  the 
compound  radicles  oforganic  chemistry  of  known  constitution.  There 
would  be,  however,  this  important  distinction  between  the  radicles 
of  mineral  chemistry  and  those  of  organic  origin ;  viz.,  that  the 
radicles  of  inorganic  chemistry  possess  a  stability  indefinitely 
greater  than  those  of  the  organic  creation — a  stability,  indeed, 
of  such  an  order,  that  the  present  resources  of  analytical  chemistry 
are  insufficient  to  effect  their  decomposition. 

The  probability,  on  the  other  hand,  of  such  views  would  ob- 
viously be  negatived  if  the  elements  exhibited  no  such  multiple 
relation  in  their  equivalents. 

( I o  1 7)  Certain  remarkable  relations  which  exist  between  many 
of  these  numbers  have  been  pointed  out  by  various  chemists.  The 
whole  subject  of  atomic  weights  was  a  few  years  ago  submitted  to 
a  careful  revision  by  Dumas  {Ann.  de  Chimie,  III.  Iv.  129).  As 
the  result  of  his  investigations  and  calculations,  Dumas  concludes 
that,  in  a  modified  sense.  Front's  law  is  true ;  and  he  considers 
that  the  elementary  bodies,  the  atomic  weights  of  which  he  re- 
gards as  accurately  known,  may  be  arranged  in  three  groups,  or 

II.  8  K 
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rather  two  groups,  if  the  duplication  of  the  atomic  wei^ts 
adopted  in  this  work  be  followed — \iz., 

I.  Bodies  which  are  represented  by  multiples  of  a  whdc 
number  of  the  atomic  weight  of  hydrogen. 

a.  Multiples  by  the  number  05  of  that  of  hydrogen. 

I.  Bodies  which  are  multiples  by  a  whole  number  of  the 
atomic  weight  of  hydrogen : — 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Fluorine 

Sodium 

Silicon 

PbosphoruB 

Sulphur 

Calcium 

Manganese 

Iron 

Cobalt 

Nickel 

Zinc 


I 

Arsenicum 

—  0 
/J 

12 

Bromine  ... 

80 

H 

Molybdenum 

96 

16 

Silver 

108 

^9 

Cadmium 

112 

a3 

Tin 

118 

28 

Antimony 

123 

31 

Iodine     ... 

127 

3^ 

Tellurium 

129 

40 

Barium   ... 

137 

55 

Tungsten 

184 

56 

Osmium  ... 

199 

59 

Mercury  ... 

200 

59 

Lead 

207 

65 

Bismuth  ... 

210 

'  the  a1 

;omic  weight 

of  hydrogen. 

^r5 

Selenium 

... 

••  • 

79*5 

35'5 

Strontium 

... 

.  • . 

^3'5 

Aluminum  

Chlorine 
Copper    ... 

The  relations  exhibited  between  the  numbers  of  many  of 
these  bodies  which  are  chemically  allied  are  often  very  re- 
markable : — 

I.  It  has  been  observed  that,  in  several  instances  where  two 
elements  are  in  close  chemical  relation  to  each  other,  they  have 
atomic  weights  which  are  identical;  this  happens,  for  example, 
with  the  following  pairs  of  bodies : — 


Cobalt  and  nickel 
Lanthanum  and  cerium 
Hhodium  and  ruthenium 
Platinum  and  iridium 


59 
92 

1 04' 2 

197-1 


2.  In  other  cases,  the  ratio  of  the  atomic  weights  is  as  i  to  2 ; 

for  instance : — 

Oxygen        =   16  Sulphur        =32 

Aluminum  =  27*5         Manganese  =  55 

3.  It  has  also  been  stated  that,  where  three  elements  belong 
to  the  same  natural  group,  the  atomic  weight  of  the  intermediate 
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element  is  firequently  equal  to  the  mean  of  those  of  the  two  ex- 
tremes.    This  is  true  in  the  case  of 

Lithium     =     7*02  7*oa  + 39*13 

Sodium       =  23*04      ;     =  23*07 ; 

Potassium  =  39*13  2 

the  number  for  sodium  being  the  arithmetic  mean  of  those  for 
lithium  and  potassium :  but  this  is  the  only  case  in  which  this 
relation  is  rigidly  in  accordance  with  the  experimental  numbers. 
Several  groups  agree  very  nearly  with  such  a  supposition^  but  the 
divergence  is^  notwithstanding,  too  great  to  admit  of  being  attri- 
buted to  errors  of  experiment.     For  example : —  , 

Calcium       =      40  40  +.^^7^ 

Strontium    =      87*5     ;     =88*5 

Barium        =137.0  2 

Sulphur       =      32  32  +  129 

Seleuium     =      79*5     ;     =805 

Tellurium    =    129*0  2 

In  both  these  groups^  the  difference  between  the  experimental 
and  the  calculated  number  of  the  intermediate  elements  amounts 
to  I'o;  and  it  is  probable  that  this  difference  is  physically  true. 

In  cases  like  the  lithium  and  calcium  groups^  it  has  been 
suggested^  both  by  Pettenkofer  and  by  Dumas^  that  the  relation 
between  the  different  members  of  the  group  may  be  analogous  to 
that  observed  in  bodies  of  organic  origin  which  belong  to  the 
same  homologous  series.  The  reader  who  is  desirous  of  pursuing 
this  speculation  will  find  it  ably  and  clearly  discussed  by  Dumas 
in  his  paper  abeady  cited  {Ann.  de  Chimie,  III.  Iv.  164). 

(1018)  Eaperimenls  of  Sias  on  Atomic  Weights. — Stas,  how- 
ever, arrives  at  a  conclusion  respecting  Prout^s  hypothesis 
entirely  opposite  to  that  of  Dumas.  He  has  lately  published 
two  memoirs  [Trans.  Brussels  Acad.  Sci.  i860,  1865)  containing 
the  results  of  a  long  and  most  laborious  scries  of  researches,  which 
it  appears  almost  impossible  to  surpass  in  precision.  In  the  last 
memoir  (p.  23),  he  gives  the  following  numbers  for  some  of  the 
most  important  elements  (0=i6) : — 


Oxygen 

t6-ooo 

Chlorine 

...       35*457 

Silver 

...     107-930 

Bromine 

...       79*95^ 

Lead 

...     206*9x2 

Iodine 

...     126*850 

Potassium    ... 

...      39137 

Nitrogen 

...       14*044 

Sodium 

...      ^3043 

Sulphur 

...       32*074 

Lithium 

7*022 

The   numbers 

for  lead  and  sulphur  are  founded  upon  ex- 

periments  in  the  earlier  memoir. 

These  results 

have  been  obtained  in  each  case 

by  several  dif- 
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ferent  processes ;  and  the  diflTerences  between  the  various  numbers 
thus  arrived  at  for  the  same  body  are  in  all  cases  much  smaller  than 
the  diflFerence  between  the  mean  result  and  the  whole  number 
required  by  Front's  law.  These  numbers  were  obtained  by 
operating  with  balances  of  imusual  delicacy^  and  upon  quantities 
much  larger  than  is  customary  in  researches  of  this  kind — the 
quantities  amounting  in  some  cases  to  nearly  a  pound  weight  of 
the  materials. 

The  numbers  thus  obtained  do  not  differ  from  those  of  Dumas^ 
or  indeed  from  those  in  general  use^  sufficiently  to  affect  any  cal- 
culations of  analyses  founded  upon  them ;  but  from  the  variety  of 
methods  employed,  and  the  extraordinary  degree  of  care  and 
precision  with  which  the  experiments  were  made,  the  results  are 
of  the  highest  value  in  relation  to  the  hypothesis  of  Prout. 

Stas  concludes  his  first  memoir  with  these  words  : — 

''  So  long  as  we  adhere  to  the  results  of  experiment  for  the 
establishment  of  the  laws  by  which  matter  is  governed,  we  ought 
to  consider  the  law  of  Prout  as  a  pure  illusion,  and  should  regard 
the  indecomposable  substances  of  our  globe  as  distinct  bodies, 
having  no  simple  relations  between  their  atomic  weights.  The 
imdeniable  analogy  in  properties  which  is  observed  in  certain  of 
the  elements  must  be  sought  for  in  other  cases  than  those  de- 
rivable from  the  relations  in  weight  of  their  acting  masses.'^ 

In  his  second  memoir  he  further  says,  at  p.  23  :  ''  To  resume 
and  to  conclude,  I  have  inquired  whether  the  law  of  chemical  pro- 
portion is  a  limited  law,  or  a  law  of  rigorous  accuracy.  I  think 
that  I  have  proved  that  it  is  the  expression  of  a  mathematical 
relation.  I  think  also  that  I  have  shown  that  the  atomic  weight 
of  the  same  body  determined  by  the  aid  of  different  elements, 
and  by  methods  independent  of  each  other — a  weight  which 
ought  to  b^  identical  in  each  case,  w  so  in  reality  within  the 
limits  of  accuracy  which  it  is  possible  by  our  present  methods  of 
investigation  to  attain.*' 

We  cannot  too  jealously  watch  any  twisting  of  experimental 
data  to  suit  our  theories;  and  those  who  are  familiar  with  the 
speculations  on  the  numerical  relations  of  the  atomic  weights, 
cannot  but  feel  that  the  severe  method  of  induction  firom  &ct8 
has  in  this  case  been  more  than  usually  departed  firom  by 
the  followers  of  a  science  which  is  pre-eminently  one  of  ex- 
periment. 


INDEX. 


Abbl*s  mode  of  detenmning  amoant  of 

suboxide  in  copper,  697,  note 
AcetyloDe,  how  absorbed,  296,  note 
,,        -chlorideof  carbon,  141 
Acid,  antimonio,  676 

„     antimonious,  676 

,,    arsenic^  650 

„    arsenioos,  058 

„     auric,  785 

„     bismuthic,  684 

„     boraoic  (boric),  353 

„     borofluoric,  956 

„    bromic,  147 

„    carbonic,  58,  et  $eq, 

,,    chtorhydrio  (hydrochloric),  110 

,,    cblorhydrosulphuric,  184 

„     chloric,  134 

„    chlorocarbonic,  144 

,f     chlorochloric,  140 

,,     chlorochromic,  609 

,,     chloromolybdic,  ^46 

„     chloroeulphuric^  193 

,,     chlorous,  138 

„    chromic,  604 

„     croconic,  983 

„    cyanic,  290 

„     cyan  uric,  391 

,,    dlthionic  (hypotolphuric),  191 

„     ferric,  586 

„    fluoric  (hydrofluoric),  160 

„    fluosilicic  (silioofluorio),  250 

„    fiilminic,  39a 

,,     fiilminurio,  293 

„     graphic,  73,  note 

„     hydriodic,  151 

„     hydrobromio,  145 

„    hydrochloric  (muriatic),  no 

„    hydrocyanic  (pnusic),  286 

„     hydrofluoboric^  356 

„    hydrofluoric,  160 

,,     hydrofluoeilicic  (silicofloorio),  950 

„    hydroeelenic,  307 

,,    hydrosulphuric,  194 

„     hypobromous,  148 

„    hypochlorous,  139 

„    hyponitric,  105 

„    hypophosphorous,  aay 

„    hyposulphuric  (dithionio),  191 

,,     hyposulpharoQS,  188 

„     iodic,  153 

„     iodoBulpburic,  193 

„     manganic,  616 

„    mellitic,  38a 

,,    metantimonic,  677 

„     metaphoephoric^  194,  996 


Add,  metastannic,  633 
metatungstic,  650 
molybdic,  645 

muriatic  (hydrochloric),  I90 
nitric,  87  ^ 
nitromuriatic,  126 
nitrosulphnric,  193 
nitrous,  104 

orthophosphoric  (tribasic),  iii 
osman-osmic,  811 
oemic,  810 
oxalic,  378 

oxymuriatic  (chlorine),  159 
pentathionic,  193 
perbromic,  148 
perchloric,  136 
periodic,  155 
permanganic,  617 
phoephatic,  337 
phosphoric,  331 
phosphorous,  336 
prussic  (hydrocyanic),  186 
pyrogallic,  absorption  of  oxygen  by, 

65,  note 
pyrophosphorio,  333 
rhodizonic,  383 
selenic,  206 
selenious,  306 
silicic,  339-343 
silico-fluoric,  350 
silicotunffstic,  65  T 
stannic,  033 
sulphantimonic,  679 
sulphantimonious,  079 
sulpharsenic,  663 
sulpharsenious,  662 
sulphocarbonic,  303 
Bulphoxyphosphoric,  334 
sulphuric,  170,  183 
sulphurous,  173 
telluric,  309 
tellurous,  308 
tetrathionic,  193 
titanic,  640 
trithionic,  191 
tUDgstic,  648 
TazuMlic,  654 
Acids,  action  of,  on  bases,  359 
„      action  of,  on  metals,  93 

action  of,  on  salts  in  solution,  830 

hydrated,  360 

monobasic,  366 

nomenclature  of,  4 

polybasic,  366 

polythionic^  171 
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Acids,  sulphazotiBed,  193 

AdbesioD,  inflaence  of,  on  affiDity,  8x6, 833 

Adit  level,  332 

Adularia,  500 

Aerolites,  553 

Affinity  (see  Chemical  Attraction) 

Afterdamp,  miner's,  367 

Agate,  139 

Aich's  alloy,  696 

Air  in  water,  bow  estimated,  43 

Air,  Lavoisier's  analysis  of,  by  meroory, 

16 
Air,  weight  of,  34 
Alabaster,  476 
Albite,  500 

Algaroth,  powder  of,  680 
Alkali- metals,  328,  373 
„  „    conversion  into  chloride0,5 19 

,,  „    estimation  of^  519 

Alkalimeter,  398 
Alkalimetry^  308,  402 
Alkaline    eaiths,    separation    of,    from 

alkalies,  520 
Allomerism,  674 

Allotropic  modifications  of  carbon,  83 
,»  „  phosphorus,  215 

„  „  sulphur,  168 

Alloys,  general  properties  of^  313-317 
Alum,  492 

concentrated,  492 
-schist,  493 
-stone,  493 
varieties  of,  495 
Alumina,  487 

hydrates  of,  488 
salts  of  (see  Aluminom) 
soluble,  489 
Aluminic  salts  (see  Aluminum) 
Aluminite,  496 
Aluminum,  484 

alloys  of,  487 
bromide,  491 
bronze,  487 
chloride,  490 
estimation  of,  508 
fluoride,  490 
phosphates  of,  496 
silicates  of,  496 
sulphates  of^  492 
tests  for,  508 
Amalgams,  737 
Amblygonite,  496 
Amethyst,  239 
Amianthus,  5 1 7 
Amides,  443,  note 
Amidogen,  115 

Ammonia,  action  of,  on  salts,  453 
„         -alum,  4J4 
„        composition  of,  112 

conversion  of  nitric  acid  into, 

108 
decomposition  by  chlorine,  140 
estimation  of,  457 
gas,  liquefaction  of,  iii 
„     preparation  of,  110 
muriate  of^  448 
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Ammonia,  proportion  of,  in  air,  109 

„  rain-water,  109 

solution  of,  113 

„        impurities  of,  115 
sources  of,  108 
„        table  of  strength  of,  113 
Ammoniated  bases,  455 
„  salts,  452 

Ammonio  salts  (see  Ammonium) 
Ammonides,  or  ammons,  444 
Ammonium,  115,  443,  445 
amalgam,  446 
carbonates  of,  450 
chloride^  448 
hydroeulphate  (hydroeul- 

phide),  447 
nitrate,  450 
phosphates  of,  452 
.    sesquicarbonate,  45 1 
sulphates  of,  450 
sulphides  of,  447 
tests  for,  456 
Amphibole  (hornblende),  517 
Analcime,  499 
Analysis  of  air  from  water,  64 

„      of  atmospheric  air,  33-36 
Anatase,  639 

Anhydride,  antimonic,  676 
arsenic,  659 
arsenious,  657 
bismuthic,  712 
boracic,  253 
carbonic,  60 
chlorous,  137 
chromic,  604 
hypochlorous,  128 
iodic,  1^4 
niolybdio,  644 
nitric,  95 
nitrous,  103 
phosphoric,  218 
phosphorous,  226 
selenious,  206 
sulphuric,  183 
sulphurous,  172 
titanic,  63^ 
tungstio,  048 
vanadic,  654 
Anhydrides  distinguished  from  acids,  361 
Anhydrite,  476 
Anhydrochromates,  605 
Anhydro-salts,  369 
Anhydrous,  what,  41 
Antichlore,  413 
Antimoniates,  676 
Antimonious  salts  (see  Antimony) 
Antimoniuretted  hydrogen,  677 
Antimony,  alloys  o(  673 

and  sine  alloy,  674 
bromide,  680 
butter  of,  680 
chlorides  of,  679 
crocus,  672 
crude  (sulphide),  67a 
estimation  of,  681 
extraction  o(  671 
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Antimony,  glass,  678 

golden  sulphide  of,  679 
Gore's  modification  of,  675 
iodide,  680 
oxides  of,  675 
oxysulphide,  678 
pentachloride,  680 
persulphide,  (Sjp 
properties  of,  673 
separation  of,  from  arsenic  and 

tin,  683 
sesquiozide,  675 
sulphides  of,  678 
tests  for,  680 
vermilion,  678 
Antozone,  27,  note 
Apatite,  483 

Aquafortis  (nitric  acid),  87 
Aqua  regia  (nitromuriatic  acid),  116 
Aqueous  vapour,  amount  of,  in  air,  335 
Aragonite,  478 
Arl^r  Dianse,  776 
Aigentic  oxide,  768 

„        salts  (see  Silver) 
Aiseniates,  660 
Araenic,  antidote  for,  665 
bromide,  664 
chloride,  664 
estimation  <^,  671 
fluoride,  664 
hydrides  of,  663 
iodide,  664 
oxides  of,  657 
sulphides  of,  661 
tests  for,  66$-6yi 
white,  657 
Arsenical  nickel,  545 
„         pyrites,  589 
Arsenicum,  655 
Arsenites,  658 
Arseniuretted  hydrog^i,  663 
Artificial  siliceous  stone,  435 
Asbestos,  517 
Aspirator,  aa,  35 
Assay  of  gold,  783 

),        manganese,  615 
„        silver,  759,  et  uq. 
Atacamite,  701 
Atmosphere,  a  compound,  15 
analyses  o^  34 
composition  o^  33 
table  of  composition  of^  37 
,,  weight  of  I  litre  of,  34 

Atomic  weights  of  elements,  data  for  de* 

termining,  853,  et  teq, 
aid  from  an^ysis,  849 
aid   from    isomorphism, 

850^  851 
numerical    relations    o^ 

864. 
relation    o(  to   specific 
beat,  850 
„  „        table  of,  864 

Atoms  and  equivalents,  2,  note 
Augite,  517 
Aurates,  785 
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Auric  salts  (see  Grold) 
Azote  (nitrogen),  30 

Ball  Soda,  415 
Baric  salts  (see  Barium) 
Barilla,  414 
Barium,  459 

carbonate,  463 
chloride,  a6i 
nitrate,  463 
oxides,  459 
peroxide,  460 
silicofluoride,  46a 
sulphate,  46a 
sulphides,  461 
„        tests  for,  463 
Baiyta,  459 
Baryto-calcite,  479 
Basalt,  500 
Base,  what,  358 
Bases,  action  of,  on  salts,  823 
Basic  water,  40 
Basyl,  361 
Bauxite,  489 
Bay  salt,  406 
Bell-metal,  630 
Bellows,  action  of,  24 
BerthoUet's  theory  of  effect  of  mass  on 

combination,  825 
Beryl,  508 

Beryllium  (glacinum),  508 
Bessemer*s  prooesk  of  refining  iron,  571 
Binary  compounds,  361 

„      theory  of  salts,  359 
Biscuit  ware^  505 
Bismuth,  682 

chloride,  685 
crystals,  683,  note 
estimation  of,  686 
fflance,  685 
iodide,  685 
nitrates  of,  685 
oxides  o^  684 
sulphide,  685 
„        tests  for,  686 
Bittern,  143,  406 
Black  ash,  415 
„      band  uronstone,  555 
„      flux,  for  arsenical  testing,  665 
„      lead  (graphite),  72 
„      wash,  742 
Blast-furnace,  556 

„  gases  from,  557,  noU 

Bleaching  powder  (chloride  of  lime),  131 
Blende,  524,  528 
Block-tin,  626 
Bloodstone,  583 
Bloomery  forge,  572 
Blowpipe,  hydraulic,  277 
„        mouth,  274 
„        oxyhydrogen,  57,  790 
Blue  pill,  737 
91    potB,  72 
„    vitriol,  703 
Bog-iron  ore,  555 
Bole,  499 
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Bone  phosphate,  48a 
Boraoic  Ugooiu,  155 
Boracite,  516 
Borates,  255 
Borax,  4.22 
Boric  chloride,  355 

fP     fluoride,  956 

„     nitride,  257 
Boron,  351 

Boro-natnxaJcite,  483 
Boyle's  fuming  liquor,  447 
Brass,  696 
Braunite,  614 
Bright  white  oobali,  53^ 
Brimstone  (sulphur),  loiS 
Britannia  metal,  629 
Brittleness  of  metals,  309 
Brochantite,  704 
Brodie,  experiments  on  polarity  of  atoms, 

843 
Bromates,  148 

Bromides,  147,  354 

Bromine,  143 

„        chloride,  148 

„        hydrate,  145 
Bronze,  630 
Brookite,  639 
Brown  sulphuric  acid,  181 
Brunswick  green,  702 
Buddie,  325 
Building  stones,  481 

„  Brard's  mode  of  testing, 

481 
Bunsen's  experiments    on    influence    of 
mass  on  affinity,  829 

„        gas  burner,  269,  noti 
Burette,  398 
Burgos  lustre,  786 
Burnett's  disinfecting  fluid,  599 
Butter  of  antimony,  680 

„        tin,  636 
Butyiene  (oil  gas),  277 


Cadmium,  531 

oxide,  532 
salts  o^  532 
tests  o^  533 

Csesia,  442 

CsBsium,  441 

„       salts  of,  443 

Calamine,  523,  530 

Calcareous  waters,  479 

Calcedony,  239 

Calcium,  466 

borate,  483 
carbonate,  478 
chloride,  475 
estimation  of,  484 
fluoride,  475 
iodide,  475 
nitrate,  478 
oxalate,  2S1 
oxide  of  (lime),  467 
phosphates  of,  482 
phosphide,  473 
silioide,  474 
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Calcium,  sulphate,  476 
„       sulphides  of,  473 
„       tests  for,  483 
Calomel,  741 
Candle,  combustion  of,  22 

„      flame,  272 
Canton's  phosphorus,  473 
Carbides,  metallic,  357 
Carbion,  CO^  362 
Cartxm,  allotropic  foino%  o^  83 
bisulphide,  200 
chlorides  o!^  141 
general  properUes  of,  80 
its  power  of  promoting  oxidation, 

80 
its  use  as  a  reducing  agent,  81 
,,       natural  sources  o^  69 
Carbonates,  68 
Carbonic  add,  58 

composition  of,  67,  82 
formation  of,  in  water,  63 
in  water,  estimation  of,  63, 

note 
precautions  for  breathing 

in,  66 
proportion  o^  in  respirsd 

air,  60,  62 
solution  c^  61 
anhydride  (acid),  how  estimated, 

36 
natural  Bouross 

o^  62 
pre|>arationo( 

59 
proportion  o( 

in  air,  36 

syntheoB  o^  82,  85 

disulphide,  200 

oxide,  83,  84 

oxydibromide,.  148 

oxydichloride  ^^ooigene),  142 

Carburets  (carbides),  81,  357 

Camallite,  385 

Camelian,  240 

Cast  iron,  table  of  analyses^  565 

„      „      Tarietiee  of,  563 

„     steel,  573,  575 

Catalysis,  837 

,,        Liebig's  theory  o^  838 

„        Mercer's  theoiy  o^  840 

Caunter  lodes,  320 

Celestine  strontio  sulphate,  465 

Cement,  Keating^s,  Keene's^  Martin's,  4  78 

„         Portland,  471 

„         Boman,  472 

„         Scott's,  470 

Cementation  of  steely  573 

Cerite,  510 

Cerium,  510 

Chalcolite,  549 

Chalk,  478 

„      French  (steatiteX  517 

Chalybeate  springs,  43,  593 

ChoThonTQUoCy  79 

Charcoal,  77 

animal,  80 
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Charcoal,  itf  oxidiziog  efifeot,  8o 
Chemical  attraction,  influence  of  cohesion 

on,  815 
influence  of  elasticity 

on,  817 
influence  of  mass  on, 

825 
influence  of  solution 
on,  816 

, ,      equivalents  (see  Atomic  Weights) 
Chessylite,  705 

Chinese  porcelain,  analysis  of,  502,  504 
Chlorate,  potassic,  catalytic  decomposition 

of,  840 
Chlorates,  135 
Chloric  dioxide,  138 
Chlorides,  119 

metallic,  decomposition  of,  354 
,,        preparation  o^  353 
„         varieties  of,  349 
Chlorimetiy,  131 
Chlorine,  116 

hydrate  of,  117 
liquefaction  o^  117 
oxides  of,  127 
peroxide  of,  138 
„         preparation  of,  118 
Chlorite,  501 
Chlorites,  138 
Chloronrtric  gas,  136 
Chloronitrous  gas,  117 
Choke- damp,  06 
Chromates,  605 
Chrome  alum,  610 
„       ironstone,  604 
„       yellow,  607 
Chromic  salts  (see  Chromium) 
Chromium,  600 

antidote  to  slow  poisoning  by, 

6i« 
chlorides  o^  608 
fluoride,  609 
nitrate,  610 
nitride,  600 
oxalates  o^  610 
oxides  o^  601 
separation  of,  from  alkalies, 

613 
sesquisulphid&  608 
sulphates  of^  009 
tests  for,  611 
Cbrysoberyl,  509 
Chrysolite  (olivine),  517 
Cinnabar,  739 

Ciark^s  process  for  softening  water,  479 
Clay,  absorption  of  ammonia  by,  109 
„      analysis  of,  499 
„     ironstone,  554,  593 
Coal,  74 
„      -gas,  analysis  of,  300 
„       „     purification  by  oxide  of  iron, 

584 

Coal  mine,  extinction  of  fire  In,  by  CO9  67 
Coarse  metal,  copper,  690 
Cobalt,  533 

ammoniacal  compounds  of,  538 


f» 

99 
*> 

i> 

>f 
99 
99 


ft 


ft 
tt 
tt 
tt 
tt 
tt 
tt 


ft 
tt 
tt 


ft 
tt 
tt 
ft 
ft 
tt 


Cobalt,  arseniate,  541 
bloom,  541 
briffht  white,  535 
carbonates  of,  541 
chloride,  540 
estimation  at,  541 

fiance,  535 
iebig's  mode  of  sepaiation  from 
nickel,  548 
nitrate,  540 
oxides  of,  536 
Hose's  mode  of  separation  from 

nickel,  534 
separation  of^  from  zinc^  543 
sesquioxide,  538 
sulphate,  540 
sulphides  o^  540 
tests  for,  54 1 
tin  white,  535 
Cohesion,  influence  o^  on  chemical  action, 

815 
Coke,  75 
Colcothar,  583 
Cold,  e£fects  in  suspending  chemical  action, 

848 
Cold  short  iron  (phosphuretted),  589 
Columbite,  651 
Columbium  (niobium),  653 
Combining  proportions  of  dementi,  data 

for  fixing,  853 
Combustion,  its  nature,  i  i 

in  rarefied  air,  273 
products  of,  15 
quick  and  slow,  24 
„  spontaneous,  23 

Composition  (tin  salt),  636 
Concrete,  471 

Concurring  attractions,  840 
Cond/s  disinfecting  fluid,  619 
Copper,  687 

alloys  of,  696 
ammoniacal  sulphate,  704 
antidotes  for,  706 
best  selected,  091 
black  oxide,  698 
bromides  of,  703 
carbonates  of^  705 
chlorides  of,  701 
estimation  oi^  707 
hydride,  699 
nitrate,  705 
nitride,  700 
ores  o^  087 
oxides  of,  697 
phosphide,  701 
pimple,  693 
properties,  694 
pyrites,  700 
quadrantoxide,  697 
selenide,  701 
silicide,  695 
smelting,  688 
smoke,  689 
subiodide,  703 
sulphates  o(  703 
sulphides  ot,  700 
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Copper,  tests  for,  706 
Copperas,  590 
Coprolites,  483 
Comet  of  gold,  783 
Cornish  stone,  498 
Corrosive  sublimate,  743 
Corundum,  487 
Crocus  of  Mars,  583 
Cross  oourses,  330 
Cryolite,  491 

Crystals  in  sulphuric-acid  process,  178 
Cubic  nitre,  413 
Cullet  (broken  glass),  429 
Cupellation  of  sold,  781 
,,  lead,  711 

„  silver,  760 

Cupreous  chloride,  70  x 
„        oxide,  697 
„        salts  (see  Copper) 
Cupric  diammonium,  70a 

„       oxide,  698 

,,      salts  (see  Copper) 
Cyamelid,  291 
Cyanic  chlorides,  994 

„      iodide,  395 

„      sulphhydrides,  195 
Cyanides,  380 
Cyanite  (disthene),  499 
Cyanogen,  383 

„         liquefaction  of,  385 

Dabk  grey  copper  ore,  701 

Davy's  safety  lamp,  367 

Debus's  experiments  on  influence  of  mass 

on  chemical  attraction,  831 
Deflagration,  what,  389 
Deliquescence,  what,  41 
Deville's  lime  furnace,  791 
Devitrification  of  glass,  430 
Dhil  mastic,  718 
Diamond,  70 

„         conversion  ai,  into  graphite,  71 
Diaspore,  488 
Didymium,  511 
Dihydric  oxalate,  178 

seieniate,  306 

selenide,  307 

sulphate  (sulphuric  acid),  1 76 

sulphide    (sulphuretted    hydro- 
gen),  194 

telluride,  309 

tetrathionate,  193 
„        trithionate,  191 
Diorite,  500 

Dip  and  strike  of  strata,  330,  note 
Diplatinamine^  798 
Diplatosamine,  797 
Displacement,  collection  of  gases  by,  51, 

61,  III 
Dissociation,  845 
Disthene  (cyanite),  499 
Dolerite,  500 
Dolomite,  516 
Dressing  of  ores,  333 
Drummond's  light,  57 
Ductility  of  metals,  308 
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Dumas'  experiments  on  atomic  weights, 

865 
Dutdi  Uquid,  762 

„        chlorine  compounds  fromy  ^^ 
Dyads,  electronegative,  1 7,  note 
Dykes,  in  mining,  319 

Eabthbhwabb,  505 

Efflorescence,  what,  41 

Elasticity,  influence  of,  on  attraction,  817 

Elayl  (olefi&nt  gas),  360 

Electric  cable,  heating  of,  33,  note 

Elements,  classification  of,  10 

„         non-metallic,  table  o(  14 
Emerald,  508 
Emery,  487 
Enamel,  434 
Epsom  salts,  515 
Equivalents  and  atoms,  3,  note 
Erbia,  510 

Etching  on  glass,  162 
Ethiop's  mineral,  739 
Ethylene  (defiant  gas),  260 

dibromide,  365 

dichloride,  364 

diniodide,  365 
Euchlorine^  140 
Eudiometer,  Cavendishes,  53 
syphon,  54 
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Fahlbrz,  700 
Fault,  in  mining,  330 
Felspar,  500 
Fermentation,  837 
Fer  oligiste,  554 
Ferrates,  586 
Ferric  oxide,  583 
Ferric  salts  (see  Iron) 
Ferrocyanogen,  396 
Fen^us  oxide,  583 
Ferrous  salts  (see  Iron) 
Filtering-paper,  ashes  of,  535 
Filtration,  precautions,  533 
Fine  metal,  copper,  691 
Finery  cinder,  571 
Fire-clay,  497 
Fire-damp,  66,  367 
Fixed  air  (carbonic  acid),  63 
Flame,  general  characters  of,  370 
„       high  temperature  o^  467 
Flint,  340 
Fluor-spar,  475 
Fluorides,  163,  356 
Fluorine,  159 

„        combining  number  determined, 
163 
Fly-powder,  656 

Formiates  yield  carbonic  oxide,  84 
Formuhe,  empirical  and  rational,  8 
Fowler*s  arsenical  eolution,  658 
Franklinite,  585 
French  chalk  (steatite),  517 
Fresenius  and  Babo  s  teat  for  sreonio,  670 
Fresenius  and  Will,  alkalimekiy,  401 
Friction  tubes,  395 
Froth  of  lead,  713 
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Fuller's  earth,  499 

FulmiDateis  391 

Fur  in  boilers,  how  preyented,  479 

Fusoobaltia,  539 

Fusible  metal,  683 

Gadolinits,  510 

Oahnite,  488 

Galena,  730 

Galvanised  iron,  537 

Ganister,  571  * 

Garnet,  500 

Gases,  analjrsis  o^  300 — 303 

„      modes  of  diistinguishing,  196-300 
Gas  pipette,  64 
Gay-Lussite,  479 
Gedge's  alloy,  696 
Gems,  imitations  of,  433 
German  silver,  545 
Geysers,  silioeous,  341 
Gibbsite,  496 
Gilding,  780 
Glacial  phosphoric  add,  330 

„      sulphuric  acid,  183 
Gladstone's  experiments  on  influence  of 

mass  on  affinity,  836 
Glass,  436 

Bohemian,  437 
bottle,  430 
coloured,  433 
,,      crown,  439 
„      devitrification  of,  430 
disintegration  of,  435 
Faraday's  432 
flint,  431 
gall,  439 
Guinand*s,  433 
irregular  density  of,  431 
„      of  antimony,  704 
„      optical,  433 
„      pUte,  438 
„      pots,  433 
„      properties  of,  435 
„      soluble^  434 
„      table  of  analyses  of,  437 
„     window,  439 
Glauberite,  411,  478 
Glauber's  salts,  469 
Glazed  pots,  434 
Glazing  stoneware,  &c.,  506 
Glucina,  509 
Glucinum,  508 
Glycol  compounds,  363,  365 
Gneiss,  500 
Gold,  alloys  of,  781 
amalgams,  781 

and  Kxlium,  bypoeulphite,  190 
„    assay  of;  783 
bromides  of,  788 
chlorides  of,  786 
„     estimation  of,  789 
,,     extraction  of,  777 
„     tine,  779 
„    fulminating,  785 
„     iodides  ni,  788 
»    leaf;  779 
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Gold,  oxides  of,  785 

,9     parting  from  silver,  781 

„    properties  of,  779 

„     solder,  783 

yy    standard,  783 

,,    sulphides  of;  786 

„    tests  for,  788 

„     washing,  778 
Gothite,  583 

Graduation  of  brine^  408 
Grain- tin,  637 
Granite,  500 
Graphite  (black-lead),  71 
Graphon,  73,  noftf 
Green  vitriol,  590 
Greenockite,  533 
Greenstone,  500 
Grey  antimony  ore,  678 

„    copper  ore,  700 
Gros,  platinum  salts  of,  797 
Guano,  ammonia  in,  457' 
Ouiffnetf  vert  (2e,  604 
Gun-metal,  630 
Gunpowder,  391 

„  analysis  of,  394 

„  Karolyi*s    experiments    on, 

393,  note 
„  white,  395 

Gypsum,  477 

HjEMATin,  554,  583 

Hair  alums,  495 

Halloysite,  499 

Halogens,  general  characters  of,  157 

Haloid  salts,  359 

Harcourt  and    Esson  on  conditions  of 

chemical  change,  831 
Hard  and  soft  water,  45 

„     solder  for  brass,  696 
Hartshorn,  spirit  of,  449 
Hausmannite,  616 

Heat,e£rects  of, on  chemical  attraction,  844 
Heavy  lead  ore  (dioxide),  719 

,,      spar  (baric  sulphate),  463 
Hemming*s  safety  jet,  57 
Hornblende,  517 
Hot  blast  for  iron,  561 
Humboldtite,  594 
Hyacinth,  643 
Hydracids,  358 
Hydrates,  40 
Hydraulic  limes,  470 
Hydric  bromate,  147 

bromide,  145 

chlorate,  134 

chloride,  130 

cyanide,  386 

dioxide,  357 

fluoride,  160 

hypochlorite,  139 

iodate,  154 

iodide,  151 

nitrate,  87 

perbromate,  148 
„  perohlorate,  136 
„     peroxide,  357 
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Hydrio  penulpbide,  199 

Hydrides,  iQeUlUc,  357 

Hydrochloric  acid,  action  o^  upon  ozidee, 

ff    impurities  of,  124 
,,     BolatioQ  of,  111 
Hydropyanio  acid,  tests  for,  189 
Hydrogen,  gaseous  oompounds  of,  51 
peroxide  (hydroxyl),  167 

„       accompanies  ozone^  18 
persulphide,  199 
phosphides  of,  119 
preparation  o^  47,  50 
properti^  of,  50 
„         purification  o^  56 
Hydrophane,  148 
Hydropotassic  sulphate,  587 
Hydrosulphates,  197 
Hydroxvl,  257 
Hypochloriteii,  130 
Hypophosphites,  118 
Hyposulphites,  189 

IcBLAND  spar,  478 

Idocrase,  501 

Ilmenium  (supposed),  653 

Indian  fire,  661 

Indium,  731 

Ink  for  marking  linen,  774 

„  sympathetie,  540 
lodates,  155 
Iodides,  153,  355 
Iodine,  148 

bromides  of,  156 
chlorides  of,  156 
estimation  o(  154 
oxides  of,  154 
tests  for,  151,  153 
Iridium,  811 

chlorides  o(  813 
oxides  of,  813 

separation  from  platinum,  814 
Iron,  action  of  air  and  water  on,  580 
alloys  o^  581 
-alum,  591 

ammonio-chloride^  590 
analysis  of,  599 
bar,  578 

Bes8emer*s  refining,  571 
bisulphide^  587 
bloomery  fom,  571 
boiling  of,  569,  570 
bromides  0^  590 
carbides  o^  564 
carbonate,  593 
case-hardeniug,  578 
cast,  varieties  of,  564 
CataUkn  forge,  571 
chlorides  of,  589 
cold  shorty  57?,  589 
efieots  of  sulphur  on,  564,  581 
effects  of  wolfram  on,  565,  576 
estimation  of,  596 
estimation  of  mixed  oxides,  597 
heat  produced  by  its  oxidation,  11, 
note 


Iron,  hydrated  sesquioxide,  583 

„  hydride,  586 

„  i<xlide,  590 

„  lute,  587 

„  magnetic  oxide,  585 

„  magnetic  pyrites,  588 

,,  malleable  cast,  566 

„  meteoric  553 

„  native,  551 

„  nitrates  of,  591 

„  nitride,  586 

„  ores  of,  553,  554 

„  oxalates  o^  594 

, ,  oxides  of,  581 

„  passive,  580 

,,  persulphate,  591 

„  phosphates  of,  594 

„  phosphide,  589 

„  properties  of,  578 

„  puddling,  Calvert  and   Johni 
experiments  on,  570,  note 

„  pure,  proparation  of,  578 

„  pyrites,  587 

„  red  short,  581 

„  rofining,  567 

„  resin  (oxalate),  594 

„  rusting  of,  580 

„  sesquioxide,  583 

„  silicates  of,  594 

„  silioide,  581 

„  smelting,  556-567 

„  sulphate,  590 

,,  sulphides  of,  586 

„  tests  for,  594 

„  wrought,  how  obtained,  567-5; 

„  yearly  produce  of,  563,  note 
Iserine,  639 
Isomerism,  191 
Isomorphism,  aid  in  fixing  atomic  weic 

851 
Isomorphous  mixtures,  notation  o^  3 

JiooiHO  ores,  314 
Juckes's  smoke-burner,  75 

Kaoldt,  498 

Kelp,  149,  409 

Kermes  mineral,  679 

Kernel-roasting  of  copper,  693 

Kieve,  315 

Killas  (day  slate),  687 

King's  yellow,  661 

Kish  (graphite  £rom  iron),  304 

Kohinoor,  cutting  of,  70 

Kupfemickel,  545 

Labradoritic^  500 

Lac  sulphuris,  100 

Lake  pigments,  489 

Lampblack,  77 

Lanthanum,  510 

Lapis  lazuli,  506 

Laughing  gas  (nitrons  oude),  98 

Lavoisier^s  analyaia  of  air,  15 

Lazulite,  496 

Lead,  708 
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Lead,  action  of  lur  and  water  on,  714 

„     alloys  of,  716 

„     borate,  715 

,,     bromide,  ^22 

„    carbonate,  735 

„     chloride,  731 

„     chlorosulphide,  71a 

,,     chromate,  607 

,f     cupellntion  of,  711 

„     desilvering  of,  711 

„    eetimation  of,  728 

,f    fluoride,  732 

„     froth  of,  713 

,,     iodide,  722 

„     nitrates  of,  733 

„     nitrites  of,  724 

„     oxides  o^  717 

„     oxyohloride,  722 

,,     peroxide,  719 

,,    phosphates  o(  724 

„     red,  718 

„     refining,  710 

„    shot,  716 

„     silicates  of,  724 

,,     smelting,  709 

„     sulphate,  723 

„     sulphides  of,  720 

„     sulphite,  723 

„     tests  for,  727 

„     white,  725 
Lepidolite,  437,  501 
Leukon,  245 
Liebig's  potash  bulbs,  36 
Light  carburetted  hydrogen,  265 

„    grey  cupper  ore,  701 

„     of  flames,  271 
Lime,  467 

, ,    chloride  of  (bleaching  powder),  1 30 

„     dead  burnt,  470 

„    hydrate,  468 

,,     hydraulic,  470 

„     quick,  468 

„    salts  of  (see  Calcium) 

„    slaked,  468 

„     use  of,  as  manure,  472 
Limekilns,  467 
Limes,  fat  and  poor,  470 
Limestone,  469,  478 
Lime-water,  408 

Liquation  of  silver  from  copper,  756 
Liquor  potassas,  381 
Litoarge,  717 
Litliia,  437 
Lithium,  437 

„        salts  of,  438 
„        teste  for,  439 
Litmus,  action  of  acids  on,  364 
Liver  of  sulphur,  384 
Lixiviation  of  black  ash,  416 
Loadstone,  554,  585 
Loam,  498 

Lodes  (mineral  veins),  320 
Lucifer  matches,  217 
LngoKs  solution  of  iodine,  150 
Lunar  caustic,  774 
Luteooobaltia,  539 
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Maoibtkbt  of  bismuth,  685 
Magistral,  for  silver  ore,  755 
Magnesia,  513 

„         alba,  516 

„  hjrdrate,  513 

Magnesian  limestone,  481,  516 
Magnesic  salte  (see  Magnesium) 
Magnesite,  515 
Magnesium,  511 

and  potassium,  sulphate  of^ 

515 
borate,  516 

carbonate^  515 

chloride,  514 

estimation  of,  521 

nitrate,  515 

nitride,  513 

oxydicbloride,  514 

phosphates,  517 

photographic  yse  of,  513 

silicates  of,  516 

sulphate,  514 

sulphide,  514 

teste  for,  518 

Magnetic  iron  ore,  553,  585 

Magnus's  green  platinum  salt,  796 

Malachite,  705 

Malleability  of  metals,  307 

Manganates,  617 

Manganese,  613 

assay  of  oxides  of,  615 

black  oxide,  614 

blende  (sulphide),  619 

carbonate,  622 

chloride,  619 

estimation  of,  623 

fluorides  of,  621 

isomorphous  relations  of,  614 

oxychloride,  621 

recovery  from  chlorine  stills, 

619,  note 

red  oxide,  616 

separation  from  other  metals, 

623 

sesquioxide,  614 

spar  (carbonate),  622 

sulphate,  621 

sulphides  of,  619 

„  teste  for,  622 

Manganite,  614 

Manganous  oxide,  614 

Manganous  salte  (see  Manganese) 

Marble,  4  78 

Marcasito,  588 

Margueritte's  test  for  iron,  598 

Marking  ink,  774 

Marl,  498 

Marsh  gas,  265 

Marsh's  test  for  arsenic,  668 

Massicot,  717 

Mass,  influence  of,  on  affinity,  825 

Matt  in  smelting,  690 

Medals  by  compression,  304 

Meerschaum,  517 

Mellite,  282 

Menaocanite,  639 
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Mendipite,  739 

Mercnramtne,  738 

Mercuric  chloride  (oorro.  Bublim.),  743 

Mercorous  chloride  (calomel),  741 

Mercury,  733 

amalgsms  of,  737 
auimoniated  derivatiyes  of,  745 
antidotes  for,  743 
bromides  of,  746 
chlorides  of,  741 
estimation  of,  750 
extraction  of,  734 
iodides  of^  746 
nitrates  of,  747 
nitric  oxide,  737 
nitride,  747 
oxides  of,  737 
oxychlorides  of,  744 
purification  of,  735 
sulphates  of,  747 
sulphides  of,  739 
„         tests  for,  748 
Metachromic  oxide,  603 
Metals,  action  of,  00  acids,  93 

classification  of,  339-333 
condition  of,  in  nature,  317 
ductility  of,  308 
„       fusibility  of,  311 

general  properties  of,  303 
hardness  of,  305 
„       in  powder,  304 
„       malleability  of,  307 
,,      native,  318 
„      specific  gravity  of,  310 
„       tenacity  of;  305 
„      variable  equividents  of,  368 
„       volatility  of,  311 
Metameric  compounds,  193 
Metantimoniatee,  677 
Metaphosphates,  334,  326 
Metasilicates,  243 
Metastannates,  632 
MetatuDgstates,  650 
Meteoric  stones,  553 
Methyl  hydride  (marsh  gas),  165 
Mica,  501 

„      slate,  501 
Microcosmic  salt,  452 
Millerite,  546 

Mine,  plan  and  sections  of,  321 
Minenj  chameleon,  616 
green,  705 
veins,  319 
waters,  43 
Mining  operations,  320 
Minium,  718 
Mirrors,  silvering  of,  631,  758 

„  „  Liebig's  mode,  758 

Mispickel,  589 
Moir^  m^tallique,  629 
Molybdates,  645 
Molybdenum,  643 

chlorides  of,  646 
oxides  of,  644 
sulphides  of,  646 
tests  for,  646 
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Mordants,  489 

Moroxite,  483 

Mortars  and  cements,  469 

Mosaic  gold,  634 

Motion,   influenoe  of,    on    cbenucal 

traction,  839 
Mouth  blowpipe,  174 
Mundic  (iron  pyrites),  588 
Muntz  metal,  6^ 

Muriate  of  ammonia  (sal  ammoniai^ , 
Muriate  of  soda  (common  salt),  406 

Naplkb  yellow,  677 
Native  metals,  318 
Natron,  420 
Nickel,  arsenical,  545 
„      carbonate,  547 
,,      chloride,  546 
„      estimation  of,  548 
„      extraction  o^  544 
„      glance,  545 
„      oxides  of,  545 
„      properties  of,  545 
f,      separation  from  cobalt^  534, 
„      sulphate,  546 
„      sulphides,  546 
„      tests  for,  547 
Niobium,  652 
Nitrates,  96 
Nitre,  387 

„      plantations,  388 
„      refining  of,  390 
Nitric  acid,  action  of,  on  metab,  93 
„     Haroourt*8  method  for,  i 
„     hydrates  of,  94 
„     reparation  of,  88 
„     Pugh's  method  for,  98 
„     table  of  strength,  94 
„     tests  fur,  97 
,    anhydride  (pentoxide),  95 
„     chlorodioxide,  127 
„     oxide  (deutotide  of  nitrogen),  i 
„     oxychloride,  127 

,,     oxydichloride  (chloronitricgas), 
Nitrides,  metallio,  357 
Nitrion  (NO,),  96 
Nitrites,  104 
Nitrogen  (azote),  30 

bromide?,  148 

chloride!,  I40 

deutoxide  (nitric  oxide),  loi 

from  ammonic  nitrite,  112 

iodide?,   156 

oxides  of,  87 

phosphide  ¥,235 

peroxide,  105  * 

preparation  of,  31 

protoxide  (nitrous  oxide),  98 

sulphide,  204 
Nitrosion  (NO,),  361 
Nitrosulphates,  193 
Nitrosyl  (nitric  oxide),  101 
Nitrous  anhydride,  103 

„      fumes,  condensation  of,  x8o 
„       oxide  (protoxide  of  nitixigeB)^  ( 
Noble  metals,  table  of,  733 
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Nomendktui^  obemicsl,  i-6 

of  binuy  oompooiulB,  s 
,,  of  alemeiita,  i 

„  of  multiple  oompouDdi,  3 

„  i>fB»lto,s 

NordUaieD  mlpharia  add,  1S3 

OBSiDt&N,  50a 

Ochra,  55  + 

OUga",  *7J      „       „ 

„  ofTitnol,  l8l,  183 
Oldfiint  gM  (ethjlene).  a6o 
Olivine,  517 
Onji,  I40 
OoliM,  +78 
Op»l'  *40 
Ores,  vuhiDE  of,  313 
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OrthoclnM  (felipir),  S0» 
OrtbophosphatM,  I3I 
OrthoailicatM,  343 
Oimium,  Sog 

„         ohloridM  of,  811 
„        oxides  of,  810 
Ullphvluuf,  811 
OiJat™,  780,  j8»  , 

Owlioacid,  convoraion  iDloformio,  379 
OiicUtinjt  flame  of  blowpipe,  175 
Oxida,  MuilywB  of,  by  hjJrogBn,  S7 
„       metallio,  clneaea  of,  J34-339 
„       niBUllio,  dooompoaitioDB  of,  34» 
„      metnllio,  prop»r»tion  of,  340 
„      TMToties  of,  34 
Oiion,  or  radicle  of  uiU,  361 
Oindda,  358  , .  ^     . 

Oiychloride   of  Mrbou    (ddoroowbonio 

Mid),  141 
Oxychloridea,  37 1 
OiVcobuliU,    3H 

OiygSD,  nbeorption  of,  65,  nofe,  301 
„         tmoutlt  of,  in  lir,  34 
,        Rl>iinio  WMgbt  of,  16,  note 
J,         estimation  of,  343 
„         preparation  of,  iS 
„         properties  of,  17 
Oxyhydrogan  fumacB,  DevUle'i,  790 
iet,57 


PattinBoii's  de«iUeriug  prooeM,  Jii 
"ron  ore,  SS4 

cwk  coppet-  ore,  joo 

PearliBh,  196 

hite,  68s 
Pi^gniatile,  408 
Pelopium  (anjiposBd),  6S' 
Penny's  test  tor  iron,  S97 
Perch  loralea,  13J 
Periodatea,  156 
Pennanent  wbit«,  463 

iDgxnatea,  (nS 
Petalita,  437,  500 
Patuntie,  500 
Powter,  619 
Phenakite,  508 

Pliiwgeno(o*.vcliloridoofe»rboD),  14 
PhMpbam,  335 
Phoapbatea  (tribaaio),  Ji( 
Fhoapbides,  metallio,  357 
Phoephitei,  aaT 

Pboapbomolybdata  of  lodiDm,  645 
Pboapkoric  chlMride,  131 

onytricbloride,  »33 
sulpbochloride,  133 
Pboaphorite,  4N3 
PhoapboroUB  cliiorido,  i.fi 
Phoapbonu,  J"*  "■" 


Oione,  16 

Packioso,  S4S 
Painting  on  china,  50$ 
„        on  glaaa,  434 
Palladamine,  803 


,,  .impounds  o^  Sot 

, ,         cyanide,  803 
„         oxidoa  of,  801 
„         teats  for,  804 
Faracyanogeo,  194 
Panwulpbatammon,  444 
Paratu^gBtat«^  648 
Parting  gold  and  silver,  781 
Paesive  stale  of  metali,  581 
Palle  for  mock  jenela,  433 


acids  of,  11S 
allotropio  forma  at,  1 
brumidee  of,  934 


oiido,  iig 
„  oxycblonde,  533 

„  perchlortde    (pentacblorids), 

131 
„  red,  amorphooi,  no 

„  mlpbidea  of,  135 

,,  (ulphochlofide,  133 

„  triobloiide,  331 

Phoai^oryl  cbloride,  333 
Phoaphnretted  bydrogen,  919 
PioroamiDe,  517 
Pimple  copper,  691 
Pink  ooloar,  604 

„     nit  (of  tin),  636 
Pias,  tinning  of,  619 
Kpe-clay.  498 
Pitchblende,  549 
PUater  of  Paris,  476 
Plate  sulphate  of  potaaaiom,  413 
Plalinamine,  798 
Plating,  7S7 
Ptatinic  oiijo,  734 
Platinicum,  pUtinoaom,  798,  «oi« 
Platinoua  Florida,  795 
oiide,  794 
.  7.19       , 
alloya  o^  7o»,  793 
ammoniaeal  denntivea  o(  797 
black,  793 
cbloridnor,  795 
oondenaation  of  gaaea  by,  793> 
83* 
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Platinum,  extraction,    Deyille   and  De- 
bray's  plan,  701 
extraction,    WoUaston's    mode 

ot;  739 
fulminating,  799 
Gros*8  salts,  797 
iodide,  799 

Magnus's  green  salt,  796 
nitrate,  799 

ore  residue,  treatment  of,  806 
oxides  of,  794 
properties  of,  791 
Kaewsky's  salts,  797 
Beiset's  bases,  797 
residues,  reduction  o(  795,  note 
sponge,  790 
sulphides  of,  795 
suxface  actions  of,  834 
„         tests  for,  799 
Platosamine,  797 
Plumbago  (graphite),  71 
Plumbatefl,  790 
Plumber's  solder,  639 
Plumbic  salts  (see  Lead) 
Poling,  copper,  693 
Pollux  contains  csesium,  441 
Polyhallite,  478 
Polymeric  compounds,  260,  293 
Porcelain,  501 
Porphyry,  500 
Potash,  379 

caustic,  379 
hydrate  of,  379 
„       natural  sources  of,  382 
Potashes,  396 

Potassic  salts  (see  Potassium) 
Potassium,  375 

anhydrochromate,  605 
antimoniate,  677 
bicarbonate,  401 
bichromate,  605 
bisulphate,  387 
bromide,  385 
carbonate,  395 
chlorate,  134,  394 
chloride,  384 
cyanate,  990 
estimation  of,  403,  519 
extraction  of,  from  sea-water, 

406 
ferrocvanide,  984 
fluoride,  386 
iodide,  385 
nitrate,  385 
nitrite,  394 
oxides  of,  379 
perchlorate,  136,  395 
silicofluoride,  385 
sources  of,  381 
sulphate,  386 
sulphides,  383 
tests  for,  403 
tetroxide,  379 
Pot-metal,  716 
Pottery,  505 
Precipitates,  manipulation  of,  511 
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Prefanite,  490 

Pressure,  influence  o(  on  combinatic 

819 
PruBsiate  of  potash,  384 
Psilomelane,  615 
Puddling  of  iron,  568 
Pulvis  fulminans,  394 
Pumice,  500 
Purple  of  Cassius,  788 
Purpureo-cobaltia,  538 
Putty  powder,  631 
Puzzuolana,  470 
Pyrogallio  aciid,  for  absorbing  oxygc 

65,  note 
Pyrolusite,  615 
Pyromorphite,  794 
Pyrope,  501 
Pyrophorus,  iron,  383 
„  lead,  810 

„  sulphide  of  potassiam,  383 

Pyrophosphates,  133 
Pyroxene,  517 


QUABTATION  of  gold,  78 1 

Quartz,  939 
Queen's  metal,  639 
Quicklime,  468 

Rain  watbb.  41 
Realgar,  66  j 

R^umur's  porcelain,  430 
Red  antimony  ore,  678 

„    bole,  4p9 

„    haematite,  554 

„    lead,  718 

„    phosphorus,  316 

„    silver  ore,  770 
Reducing  flame  of  blowpipe,  375 
Reduction  of  metals,  337 
Refinery  iron  furnace,  567 
Reinsch*s  test  for  arsenic,  667 
Reiset's  platinum  bases,  797 
Respiration  a  slow'oombnstion^  34 
Reverberatory  furnace,  336 
Rhodium,  compounds  of,  805 

„        tests  for,  806 
Rinman's  green,  537 
River  water,  44 
Roasting  ores,  336 
Rock  crystal,  339 

„     salt,  408 
Rocks,  sedimentary  and  igneout,  319 
Roofing  slate,  501 
Rose  copper,  693 
Roseo-cobaltia,  538 

Rouge,  583 
Rubidia,  440 

Rubidium,  440 

„         salts  of,  441 

Ruby,  487 

Rupert's  drops,  435 

Ruthenium,  807 

Rutile,  639 

Safett-lamp,  369 
Sal  alembrotb,  743 
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Sal  ammoDiAO,  448 
„   eoixuiD  (bisulph.  potas.),  387 
f,   gem  (rook  salt),  408 
,,   pninella  (fused  nitre),  389 
Salt-cake,  41a 
Salt  of  sorrel,  2^B 
Saltpetre,  387 
Salt  radicle,  361 
Salts,  acid,  365 

„     ammuniated,  451 

„     basic,  371 

, ,     binary  theory  o^  359 

„      double,  369 

„     haloid,  359 

in  solution,  action  of  acids  on,  820 
,,  „       bases  on,  833 

„  „         mutual  action  of,  823 

,,     neutral  or  normal,  361 

,,      nomenclature  o^  5 

„     of  lemons,  280 

„      of  sesquioxides,  367 

„      of  tin,  635 
Sandiver,  429 
Sapphire,  487 

Sawdust,  a  source  of  oxalic  add,  278 
Scheele's  green,  658 
Scheelite,  647 
Schlich,  324 
Schlippe's  salt,  679 
Schlot,  408 

Schweinfurt  g^reen,  659 
Scotch  furnace  for  lead,  713 
Sea  water,  45 
Seleniates,  207 
Selenides,  349 

Selenite  (cnlcic  sulphate),  476 
Selenites,  206 
Selenium,  204 

„         cnlorides  of,  207 
Seleniuretted  hydrogen,  217 
Serpentine,  517 
Sesquioxides,  salts  of,  367 
Shot,  716 

Siemens's  hot  blast  regenerator,  561 
Silica,  239 

„      hydrates  of,  241 

,,      pure,  preparation  of,  240 

,,      soluble,  24 1 
Silicates,  243 
Silicides,  metallic,  357 
Silicic  bromide,  248 
chloride,  247 
fluoride,  249 

,,      group  of  elements,  235 

,y      hydride,  246 

„      hydrochlorate  of  chloride,  248 

„      nitride,  246 

,,      sulphide,  246 
Silicon  (siltcium),  236 

„      crystalline,  237 
Silicone  (cliryseon),  245 
Si licotun^  states,  651 
Silver,  750 
„      alloys  o^  759 
„      alum,  774 
„      amalgamation,  American  plan,  755 
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Silver,  amalgamation,  Freybeig  plan,  752 

ammonio-nitrate,  774 

assay  by  cupellatlon,  759-762 

„        humid  process,  762-766 

Augustin's  mode  of  extracting,  754 

bromide,  772 

chlorides  of,  770 

distillation  of,  75 1 

estimation  of,  776 

fine,  767 

fluoride,  773 

fulminate,  292 

fulminating,  768 

glance,  769 

humid  process  of  assay,  762-766 

iodide,  772 

liquation  from  copper,  756 

nitrate,  774 

ores  of,  752 

oxides  of,  768 

parting  from  gold    by  sulphuric 

add,  782 

phosphates  of,  775 

properties  o^  751 

solder,  759 

standard,  759 

sulphate,  773 

sulphide,  769 

tests  for,  775 

Ziervogel's  process  for  extracting, 

755 
Silvering,  757 

Slag,  what,  327 

Slags,  iron  furnace,  559 

SlakcK]  lime,  468 

Slate,  501 

Slip,  in  pottery,  504 

Smalt,  536 

Smelting,  or  reduction,  327 

of  copper,  688 

of  iron,  555,  el  $eq, 

of  lead,  709 

Smoke,  consumption  of,  74 

Soapstone,  517 

Soap  test,  Clark's,  480 

Soda,  405 

„     ash,  417 

„     waute,  418,  619,  note 

„     water,  61 

Sodio  salts  (see  Sodium) 

Sodium,  404 

sJuminate,  489 

biborate,  422 

bicarbonate,  419 

bisulphate,  413 

bromide,  409 

carbonate,  414 

carbonate,   Longmaid*s    proosM 

for,  418 

chloride,  406 

hyposulphite,  189 

iodide,  409 

nitrate,  413 

oxides  of,  405 

phosphates  of,  420 

pho4>ho-molyUUt«,  645 
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Bodiam,  Miqirioarboiutte^  4M 

■ulphftte,  409 
lulpbidet,  406  « 
solphitMy  415 
tents  for,  436 
Softening  waters,  480 
Bolder,  plumbers*,  654 
Soluble  glass,  434 

Solution,  influence  of,  on  affinity,  816 
Spathic  iron  ore,  554 
Specific  gravity  of  metals,  310 

, ,      heat,  aid  10  ftziag  atoDkio  weights, 
850 
Specular  iron  ore,  554 
Speculum  metal,  630 
Speiss,  537,  544 
Spelter  (xinc),  523 
Spiegeleisen,  564 
Spinelle,  488 
Spitting  of  silver,  751 
Spodumene,  437 
Spring  water,  41 
Stalactites,  stalagmites,  479 
Stamping  mill  for  ore,  394 
Standard  gold,  781 

„        silver,  759 
Stannates,  633 
Stannic  chloride,  636 

,,      oxide,  631 
Stannous  chloride,  635 

„        oxide,  631 
Starch  test  for  iodine,  151 
Stas,   experimenta   on   atomio  wei| 

927 
Steatite  (soapstone),  517 
Steel,  alloys  of,  576 

bliMtered,  573 

carbonic  oxide  is,  575 

cai»t,  575 

cementatioii  fd,  573 

natural,  573 

nitrogen  inl,  575,  noU 

shear,  575 

tempering  of,  577 

tilted,  575 
„     titanium,  576 
Stereochromy,  434 
Sterro-nietal,  697 
Stilbite,  499 
Stonewaie,  503 
Strass,  433 
Stratified  rooks,  319 
Stream  tin,  625 
Strontia,  464 

Strontianite  (strontic  carbonate),  466 
Strontic  salts,  465 
Strontium,  464 

,,  salts  of,  465,  466 

Stncco,  478 

Sublimation,  what,  344 
Subsalts,  371 
Sulphammonates,  194 
Sulphantimonites,  679 
Sulpbarseniates,  66a 
Sttlphatammon,  444 
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Sulphate  of  soda^  anooonieaa  •ohil^l^  oi 

409 
Sulphates,  186-188 
Bulphazates,  194 
Sulphasitee,  194 
Sulphamtatee,  194 
Salphacotised  acids,  193 
Sulphhydrates,  353 
Sulphides,  197 

deoompedtioot  of^  346 

metallic,  varieties  of,  344 

prepaiatMm  of,  347 

soluble  in  ammoaao  aolphid 

345 
S«tphi<m,  80^  186 

Sulphitaninion,  44^ 
Sulphitae,  175,  170 
Bulphocarbonates,  fO« 
Sulphocyanogen,  395 
Sulpho-salts,  363 
Sulphosion,  80^  361 
Sulphoxyphosphates,  334 
Sulphur,  165 

„  bromides  o^  204 
„  chloiides  of,  203 
„        electro-poeittveaiid«leetrcKiM|gi 

tive,  169 
,9        estimation  of,  3^8 
„         extraction  of^  167 
„        group  of  elements,  genwal  chi 
ractersof,  164 
iodide  and  bioniide^  404 
octobedral,  168 
oxides  of,  171 
oxychlorides  of,  303 
prismatic,  1^ 
table  of  ox^aoida,  171 
viscous,  i($9 
Sulphuretted  hydrogen,  194 

„  waters,  44 

Sulphuric  acid,  176,  183 

„     chamber,  179 
„    hydrates  of,  185 
„    manufacture  of,  179 
„     purification  of,  185 
„    table  of  strength,  181 
„     tests  for,  188 
anhydride,  183 
Sulphurous  anhydride,  liqnefaotioii  ef,  17^ 
Sulphury],  chloride,  193,  nete^  403 
Sump  of  mine,  322 
Superphosphates,  223,  483 
Supersaturation  of  Glauber's  salt,  410 

„  of  sodioearbonsifee^4i9 

Surface  actions,  834 
Syenite,  500 
Sympathetic  cobalt  ink,  540 

Tababhekb,  248 

Tableofainmonias<4oiioii,atmi|ttho{^  113 
analyses  of -eaat-iron,  565 

glaas,  437 
pwoQlaiB,504 
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Table  of  compoeition  of  atmoophere^  37 
fusibility  of  m«talt|  3 1 1 
gases  from  iron  fumaoe,  558 
gunpowder  products,  393 
bydrochloric  acid,8treDgUi  o^  J  24 
iron  slags,  559 
nitrie  acid,  strength  o^  94' 
noble  metals,  733 
non-metals,  14 
potash,  strength  of,  381 
puddled  iron,  570 
soda,  strength  of,  405 
specific  gravity  of  metal^  310 
sulphides  soluble  in  sulphide  of 

ammonium,  345 
sulphuric    aeid,  strength   o( 

181 
tenacity  of  matala,  306 
varieties  of  phosphates,  33£ 
Talc,  517 
Tantalite,  6c3 
Tantalum,  05a 
Tartar  emetic,  680 
Telluretted  hydrogen,  909 
Tellurium,  207 
Tempering  of  steel,  577 
Tenacity  of  metak,  joo 
Tennantite,  701 
Terbia  (supposed),  510 
Tetrylene  (oil  gas),  377 
Thallium,  729 

„        oxides  of,  730 
„        salts  of,  731 
Th^nardite.  41 1 
Th6nar(i*s  blue,  537 
Thionyl,  chloride,  103,  noU 
Thorinum,  643 
Thorite,  643 
Tin,  614 

alloyn  of,  639 
binoxide,  632 
chlorides  of,  635 
estimation  of,  637 
oxides  of,  631 
-prepare  liauor,  633 
protoxide,  O31 
sulphides  of,  634 
tesUt  for,  637 
tetrachloride,  636 
Tincal  (borax),  431 
Tinning  cop^ier,  629 
Tin-plate,  628 
Tin-stone,  632 
Tin- white  cobalt^  535 
Titanates,  640 
Titanium,  638 

chloride,  641 
cyanide,  638 
nitrides  of,  638 
oxides  of,  639 
sulphide,  641 
tests  for,  641 
Topaz,  492 
Touch-paper,  389 
Touch8t4)ne,  for  gold,  783,  %oU 
Trachyte^  500 
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Trap,  500 

Travertine,  479 

Triphane  (spodnmene),  437 

Triple  phosphate,  517 

Trona,  420 

Tufa,  479 

Tungstates,  649 

Tungsten,  647 

chlorides  of^  651 
oxides  of,  <^7 
phosphides  of^  651 
sulphides  of,  651 
tests  for,  653 

Tumei^s  yellow,  722 

Turpeth  minend,  747 

Turquoise,  496 

Tutenag,  545 

Tutty,  528 

Type-metal,  674,  716 

Ultbamabinb,  506 

Uranates,  515 

Granite,  549 

Uranium,  540 

chlorides  o(  551 
estimation  o£^  552 
extraction  of,  549 
oxides  o^  550 
tests  for,  551 

XJranyl,  551 
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Vanadiatss,  679 
Yanadiiiite,  653 
Vanadium,  653 

oxides  of,  653 
oxyohloridos  of,  654 
„  salts  o^  655 

Vanning  ore,  325 
Vapour    Yolume,   aid   in  fixing   atomic 

weights,  851 
Varvicite,  615 
Vermilion,  740 

„  antimony,  678 

,,  humid  proceas  for,  740 

Vitriol,  blue,  703 
green,  500 
oil  of,  183 
whitc^  529 
Vivianite,  594 
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Wad,  615 
Washing- bottle,  522 
„        ores,  323 
„         precipiUtes,  522 
Waste  gas  from  iron  fumaee,  562 
Water,  air  contained  in,  41 

blowpipe,  285 

chalybeate,  43 

chemical  properties  of,  39 

com|>osition  o(  47 

distilled,  46 

electric  decomposition  o^  47 

filtration  of,  44 

formed  by  combustion  of  hydrogen,} 

functions  of,  in  combinatioii,  40 
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Water,  hard  and  aoft,  45 

ofcrystaUization,  41 
rain,  41 
river,  44 
sea,  45 
apriug,  42 

sulphureoufs  44 
synthesis  of,  51-56 

Toltaic  aDMlysis  of,  47 

weight  of  eubic  inch  and  foot  of, 

39 
Waters,  caloareou8,  479 

„        mineral,  43 

„        natural  yarieties  of,  41-46 

Wavellite,  496 

Wedgwood  ware,  503 

White  antimony  ore,  675 

„      gunpowder,  395 

„      Indian  fire,  66  r 

„      iron  pyrit(»,  588 

„      lead,  7^5 

„      precipitate,  744 

„      vitriol,  529 
Wire  drawing,  319 

,,    gauze,  action  of,  on  flame,  268 
Witherite  (baric  carbonate),  463 
Wolfram,  650 

„         action  of,  on  pig  iron,  565 
Wood  ashes,  396 

„     oharcofd,  78 


Wootc.  576 
Woulfe*s  bottles,  114 

Xabthocobaltia,  539 

YiLLOW  ochre,  499 
Yttria,5io 
Yttrium,  509 
Yttrotantalite,  510 

Zaffri,  536 
Zeolites,  243,  499 
Zinj,  carbonate,  530 

chloride,  539 

extraction  of,  534 

granulation  of,  49 

oxide,  528 

properties  and  uses  of,  516 

purification  of,  536 

red  oxide  of,  524 

separation  of,  from  alkalie*  and  al- 
kaline earths,  531 

sulphate,  539 

sulphide,  528 

tests  for,  530 

-white,  538 
Zincic  salts  (see  Zinc) 
Zircon,  643 
Zirconia^  64a 
Zirconium,  643 
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END   OF   PART    II. 
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